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DESCRIPTION

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE

SAME

TECHNICAL FIELD

[0001]

The present invention relates to a thin film transistor including an oxide

semiconductor, a semiconductor device including the thin film transistor, and a method

for manufacturing the semiconductor device.

BACKGROUND ART

[0002]

A thin film transistor including a semiconductor film formed over an insulating

surface is an essential semiconductor element for a semiconductor device. Since there

is limitation on manufacture of thin film transistors in terms of allowable temperature

limit of a substrate, a transistor mainly used for a semiconductor display device is a thin

film transistor including amorphous silicon that can be deposited at relatively low

temperature, polysilicon that can be obtained by crystallization with use of laser light or

a catalytic element, or the like in an active layer.

[0003]

In recent years, a metal oxide having semiconductor characteristics which is

referred to as an oxide semiconductor has attracted attention as a novel semiconductor

material which has both high mobility, which is a characteristic of polysilicon, and

uniform element characteristics, which is a characteristic of amorphous silicon. The

metal oxide is used for various applications; for example, indium oxide is a well-known

metal oxide and used as a material of a transparent electrode included in a liquid crystal

display device or the like. Examples of such metal oxides having semiconductor

characteristics include tungsten oxide, tin oxide, indium oxide, zinc oxide, and the like.

A thin film transistor including such a metal oxide having semiconductor characteristics

in a channel formation region has been known (Patent Documents 1 and 2).

[Reference]



[Patent Document]

[0004]

[Patent Document 1] Japanese Published Patent Application No. 2007-123861

[Patent Document 2] Japanese Published Patent Application No. 2007-096055

DISCLOSURE OF INVENTION

[0005]

An object of one embodiment of the present invention disclosed is to provide a

thin film transistor having favorable electric characteristics and a semiconductor device

including the thin film transistor as a switching element.

[0006]

The inventors found that a region which is the closest to a source electrode and

a drain electrode in an In-Ga-Zn-O-based oxide semiconductor film includes composite

layers where the concentration of a metal is higher than that in other regions (metal -rich

layers) in a thin film transistor including the In-Ga-Zn-O-based oxide semiconductor

film as an active layer of the thin film transistor. The inventors also found that metal

oxide films are formed between the source electrode and the composite layer, and

between the drain electrode and the composite layer.

[0007]

FIG 2 shows a photograph of a cross section of a thin film transistor with a

channel-etched structure in which the In-Ga-Zn-O-based oxide semiconductor film is

used as an active layer of the thin film transistor. The photograph is taken with a high

resolution transmission electron microscope (TEM: "H9000-NAR" manufactured by

Hitachi, Ltd.). Both FIGS. 3A and 3B show a high-magnification photograph

(four-million-fold magnification) of the interface between an oxide semiconductor film

and a titanium film which is in contact with the top of the oxide semiconductor film, by

using the same sample as that for the photograph in FIG 2. Both of the photographs

are taken with a scanning transmission electron microscope (STEM: "HD-2700"

manufactured by Hitachi, Ltd.) at an accelerating voltage of 200 kV.

[0008]

A photograph at Point A in FIG 2 corresponds to FIG 3A, and a photograph at

Point B in FIG 2 corresponds to FIG 3B. Specifically, FIG. 3A is a photograph of the



interface between the oxide semiconductor film and the titanium film, which is in

contact with the top of the oxide semiconductor film, at a position where the oxide

semiconductor film overlaps with a gate electrode. As can be seen from FIG. 3A, there

is an interface layer containing titanium oxide (TiQx) between the titanium (Ti) film and

the In-Ga-Zn-O-based oxide semiconductor film (IGZO). In addition, in the

In-Ga-Zn-O-based oxide semiconductor film (IGZO), a region which is the closest to

the interface layer containing titanium oxide (TiQx) includes an indium crystal, which

can be seen as a grid shape. The layer containing indium that can be seen as a grid

shape corresponds to a composite layer where the concentration of indium is higher than

that in other regions (an In-rich layer).

[0009]

In a similar manner, FIG 3B is a photograph of the interface between the oxide

semiconductor film and the titanium film, which is in contact with the top of the oxide

semiconductor film, at a position where the oxide semiconductor film does not overlap

with the gate electrode. In a manner similar to FIG 3A, as can be seen from FIG 3B,

there is an interface layer containing titanium oxide (TiQx) between the titanium (Ti)

film and the In-Ga-Zn-O-based oxide semiconductor film (IGZO). In addition, in the

In-Ga-Zn-O-based oxide semiconductor film (IGZO), a region which is the closest to

the interface layer containing titanium oxide (TiQx) includes an In-rich layer.

[0010]

The inventors thought that the titanium oxide is formed in the following

manner: oxygen in the oxide semiconductor film is taken out by titanium in the vicinity

of the interface between the oxide semiconductor film and the titanium film; the

concentration of In is increased in a region of the oxide semiconductor film which is

close to the titanium film; and the oxygen which is taken out is reacted with titanium.

[0011]

Because a region which is the closest to a source electrode and a drain

electrode in an In-Ga-Zn-O-based oxide semiconductor film includes layers where the

concentration of one or a plurality of indium, gallium, and zinc is higher than that in

other regions (metal-rich layers), the metal-rich layers in the oxide semiconductor film

have low resistance. In addition, the titanium oxide films (TiQx) formed between the

source electrode and the oxide semiconductor film and between the drain electrode and



the oxide semiconductor film have n-type conductivity. Therefore, with the above

structure, contact resistance between the source electrode and the oxide semiconductor

film and between the drain electrode and the oxide semiconductor film is reduced, and

the amount of on-current and field effect mobility of the TFT can be increased.

[0012]

It is possible to use as the oxide semiconductor, a four-component metal oxide

such as an In-Sn-Ga-Zn-O-based oxide semiconductor, a three-component metal oxide

such as an In-Ga-Zn-O-based oxide semiconductor, an In-Sn-Zn-O-based oxide

semiconductor, an In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based oxide

semiconductor, an Al-Ga-Zn-O-based oxide semiconductor, and a Sn-Al-Zn-O-based

oxide semiconductor, or a two-component metal oxide such as an In-Zn-O-based oxide

semiconductor, a Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide

semiconductor, a Zn-Mg-O-based oxide semiconductor, a Sn-Mg-O-based oxide

semiconductor, an In-Mg-O-based oxide semiconductor, an In-Ga-O-based oxide

semiconductor, an In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor,

and a Zn-O-based oxide semiconductor. Note that in this specification, for example,

an In-Sn-Ga-Zn-O-based oxide semiconductor means a metal oxide including indium

(In), tin (Sn), gallium (Ga), and zinc (Zn), and there is no particular limitation on the

stoichiometric proportion. The above oxide semiconductor may contain silicon.

[0013]

Moreover, oxide semiconductors can be represented by the chemical formula,

InM0 3(ZnO)m m > 0). Here, M represents one or more metal elements selected from

Ga, Al, Mn, and Co.

[0014]

A driver circuit and a pixel portion can be formed over one substrate by using a

thin film transistor which is one embodiment of the present invention, and a

semiconductor display device can be manufactured by using a display element such as

an EL element, a liquid crystal element, or an electrophoretic element.

[0015]

Since a thin film transistor is easily broken due to static electricity or the like, a

protective circuit for protecting the thin film transistor for the pixel portion is preferably

provided over the same substrate for a gate line or a source line. The protective circuit



is preferably formed using a nonlinear element in which an oxide semiconductor film is

used.

[0016]

The thin film transistor which is one embodiment of the present invention may

be a bottom-gate thin film transistor with a channel-etched structure, or may be a

bottom-gate thin film transistor with a channel-protective structure. Alternatively, the

thin film transistor may be a bottom-contact thin film transistor.

[0017]

The bottom-gate transistor includes a gate electrode formed over an insulating

surface, a gate insulating film over the gate electrode, an oxide semiconductor film

which overlaps with the gate electrode over the gate insulating film and which includes

composite layers where the concentration of one or a plurality of metals contained in the

oxide semiconductor is higher than that in other regions, a pair of metal oxide films

formed over the oxide semiconductor film and in contact with the composite layers, and

a source electrode and a drain electrode which are in contact with the metal oxide films.

The metal oxide films are formed by oxidation of a metal contained in the source

electrode and the drain electrode.

[0018]

The bottom-contact transistor includes a gate electrode formed over an

insulating surface, a gate insulating film over the gate electrode, a source electrode and

a drain electrode over the gate insulating film, metal oxide films in contact with the

source electrode and the drain electrode, and an oxide semiconductor film which

overlaps with the gate electrode and which includes composite layers where the

concentration of one or a plurality of metals contained in the oxide semiconductor is

higher than that in other regions. The composite layers are in contact with the metal

oxide films. T e metal oxide films are formed by oxidation of a metal contained in the

source electrode and the drain electrode.

[0019]

Because a region which is the closest to a source electrode and the drain

electrode in an oxide semiconductor film includes composite layers where the

concentration of a metal is higher than that in other regions, and metal oxide films

having n-type conductivity are formed between the source electrode and the oxide



semiconductor film and between the drain electrode and the oxide semiconductor film,

contact resistance between the source electrode and the oxide semiconductor film and

between the drain electrode and the oxide semiconductor film is reduced, and the

amount of on-current and field effect mobility of a TFT can be increased.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

FIGS. 1A and 1C illustrate cross-sectional views of a transistor, and FIG IB

illustrates a top view thereof.

FIG 2 shows a cross-sectional TEM photograph of a thin film transistor.

FIGS. 3A and 3B show cross-sectional TEM photographs in the vicinity of the

interface between an oxide semiconductor film and a source electrode or between the

oxide semiconductor film and a drain electrode in a thin film transistor.

FIGS. 4A to 4C illustrate crystal structures of metals and oxygen in IGZO.

FIGS. 5A and 5B illustrate structural models of metal atoms and oxygen atoms

in the vicinity of the interface between a tungsten film and an oxide semiconductor film.

FIGS. 6A and 6B illustrate structural models of metal atoms and oxygen atoms

in the vicinity of the interface between a molybdenum film and an oxide semiconductor

film.

FIGS. 7A and 7B illustrate structural models of metal atoms and oxygen atoms

in the vicinity of the interface between a titanium film and an oxide semiconductor film.

FIG 8 illustrates a crystal structure of titanium dioxide having a rutile structure.

FIG 9 shows a state density of titanium dioxide having a rutile structure.

FIG 10 shows a state density of titanium dioxide in an oxygen-deficiency state.

FIG 11 shows a state density of a titanium monoxide.

FIGS. 12A and 12C illustrate cross-sectional views of a transistor, and FIG

12B illustrates a top view thereof.

FIGS. 13A and 13C illustrate cross-sectional views of a transistor, and FIG

13B illustrates a top view thereof.

FIGS. 14A and 14B respectively illustrate a top view and a cross-sectional

view of an electronic paper.

FIGS. 15A and 15B illustrate block diagrams of semiconductor display



devices.

FIGS. 16A and 16B illustrate configuration of a signal line driver circuit and a

timing chart thereof.

FIGS. 17A and 17B are circuit diagrams showing a structure of a shift register.

FIGS. 18A and 18B respectively show a circuit diagram and a timing chart of

operation of a shift register.

FIGS. 19A to 19C show a method for manufacturing a semiconductor device.

FIGS. 20A to 20C show the method for manufacturing a semiconductor device.

FIGS. 21A and 21B show the method for manufacturing a semiconductor

device.

FIG 22 shows the method for manufacturing a semiconductor device.

FIG. 23 shows the method for manufacturing a semiconductor device.

FIG 24 shows the method for manufacturing a semiconductor device.

FIG 25 illustrates a cross-sectional view of a liquid crystal display device.

FIGS. 26A to 26C illustrate cross-sectional views of light-emitting devices.

FIG 27 illustrates a structure of a liquid crystal display device module.

FIGS. 28A to 28E illustrate electronic devices each using a semiconductor

display device.

FIG 29 illustrates a band diagram of an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021]

Hereinafter, embodiments of the present invention will be described in detail

with reference to the accompanying drawings. However, the present invention is not

limited to the following description and it is easily understood by those skilled in the art

that modes and details can be variously changed without departing from the scope and

spirit of the present invention. Therefore, the invention should not be construed as

being limited to the description of the embodiments below.

[0022]

The present invention can be applied to manufacture of any kind of

semiconductor devices including microprocessors, integrated circuits such as image

processing circuits, RF tags, and semiconductor display devices. The semiconductor



display devices include the following in its category: liquid crystal display devices,

light-emitting devices in which a light-emitting element typified by an organic

light-emitting element (OLED) is provided for each pixel, electronic papers, digital

micromirror devices (DMDs), plasma display panels (PDPs), field emission displays

(FEDs), and other semiconductor display devices in which a circuit element using a

semiconductor film is included in a driver circuit.

[0023]

Note that the semiconductor display devices include a panel in which a display

element is sealed, and a module in which an IC and the like including a controller are

mounted on the panel. The present invention further relates to one mode of an element

substrate before the display element is completed in the manufacturing process of the

semiconductor display device, and the element substrate is provided with a means for

applying a current or a voltage to the display element in each of a plurality of pixels.

Specifically, the element substrate may be in a state in which only a pixel electrode of

the display element is provided, a state after formation of a conductive film to be a pixel

electrode and before etching of the conductive film to form the pixel electrode, or any

other states.

[0024]

(Embodiment 1)

In this embodiment, described are results of computational science

investigation on the phenomenon that a layer where the concentration of indium is

higher than that in the other regions (an In-rich layer) and a titanium oxide film (TiQx)

are formed in the vicinity of the interface between a metal film used as a source

electrode or a drain electrode and an In-Ga-Zn-O-based oxide semiconductor film of a

thin film transistor with a channel-etched structure using the In-Ga-Zn-O-based oxide

semiconductor film as an active layer of the thin film transistor.

[0025]

First, energy that is needed for formation of an oxygen-deficiency state

(deficiency formation energy E ef) in respective case of indium oxide, gallium oxide,

and zinc oxide, which are contained in an In-Ga-Zn-O-based oxide semiconductor, was

calculated to investigate which metal oxide is likely to form the oxygen-deficiency

state.



[0026]

Note that the deficiency formation energy Edef is defined as Formula 1 below.

A represents one of the following: indium; gallium; zinc; and indium, gallium, and zinc.

Note that E(O) represents half energy of an oxygen molecule, and A mO,,- ) represents

energy of an oxide A„,On- i including oxygen deficiency.

[0027]

(Formula 1)

Edef = £ (Α Ο _ι) + E(O) - E An n

[0028]

Relation between the concentration of deficiency n and the deficiency

formation energy E ef is approximately shown as Formula 2 below. Note that N

represents the number of oxygen positions in the state where deficiency is not formed,

B represents Boltzman constant, and T represents temperature.

[0029]

(Formula 2)

[0030]

For calculation, CASTEP, which is a program for a density functional theory,

was used. A plan wave basis pseudopotential method was used as a method for the

density functional theory. GGAPBE was used for a functional. The cut-off energy

was 500 eV. The k-point sets for IGZO, ln20 3, Ga20 3, and ZnO were grids of 3 x 3 x

1, 2 x 2 x 2, 2 x 3 x 2, and 4 4 1, respectively.

[0031]

A crystal structure of an IGZO crystal was a structure of 84 atoms which was

obtained by doubling a structure having a symmetry of R-3 (international number: 148)

in both a-axis and b-axis direction, and by arranging Ga and Zn such that the energy

becomes a minimum. Crystal structures of ln20 3, Ga20 3, and ZnO are a bixbyite

structure of 80 atoms, a β-gallia structure of 80 atoms, and an wurtzite structure of 80

atoms, respectively.

[0032]

From Formula 2, it is found that as the deficiency formation energy Edef is



increased, the concentration of oxygen deficiency n , i.e., the amount of oxygen

deficiency, is decreased. Table 1 below shows values of deficiency formation energy

E ef cases where A is indium; gallium; zinc; and indium, gallium, and zinc.

[0033]

Note that the value of the deficiency formation energy E def of IGZO (Model 1)

is a value of the deficiency formation energy E f of an oxygen atom adjacent to three

indium atoms and one zinc atom in a crystal in the case where A is indium, gallium, and

zinc. FIG 4A illustrates a structure of a portion which is formed by three indium

atoms, one zinc atom, and an oxygen atom that is adjacent to these metal atoms in an

IGZO crystal.

[0034]

Note also that the value of the deficiency formation energy E ef of IGZO

(Model 2) is a value of the deficiency formation energy E def of an oxygen atom adjacent

to three indium atoms and one gallium atom in a crystal in the case where A is indium,

gallium, and zinc. FIG 4B illustrates a structure of a portion which is formed by three

indium atoms, one gallium atom, and an oxygen atom that is adjacent to these metal

atoms in an IGZO crystal.

[0035]

Note also that the value of the deficiency formation energy E def of IGZO

(Model 3) is a value of the deficiency formation energy E de of an oxygen atom adjacent

to two zinc atoms and two gallium atoms in a crystal in the case where A is indium,

gallium, and zinc. FIG 4C illustrates a structure of a portion which is formed by two

zinc atoms, two gallium atoms, and an oxygen atom that is adjacent to these metal

atoms in an IGZO crystal.

[0036]

[Table 1]

Compound E f (eV)

ln20 3 3.06

ZnO 3.75
IGZO (Model 1) 3.73
IGZO (Model 2) 3.98
IGZO (Model 3) 4.08



Ga20 3 4.18

[0037]

As the value of deficiency formation energy becomes high, the energy

needed for formation of an oxygen-deficiency state is increased, that is, a bond between

oxygen and metal tends to be stronger. Therefore, from the values of deficiency

formation energy E ef shown in Table 1, it is found that indium has the weakest bond

with oxygen and that oxygen is likely to be taken out in the vicinity of indium.

[0038]

The oxygen-deficiency state in an In-Ga-Zn-O-based oxide semiconductor is

likely to be formed because oxygen is taken out from the oxide semiconductor by a

metal used for a source electrode and a drain electrode. Electrical conductivity of the

oxide semiconductor is increased by formation of the oxygen-deficiency state; therefore,

when oxygen is taken out in the above-described manner, electrical conductivity of an

oxide semiconductor film in the vicinity of the interface between the oxide

semiconductor film and a metal film is expected to be increased.

[0039]

Next, in order to confirm whether or not oxygen is taken out from an oxide

semiconductor by a metal, a quantum-mechanically stable structure model in the

vicinity of the interface between an In-Ga-Zn-O-based oxide semiconductor film and a

metal film was investigated by calculation using a quantum molecular dynamics (QMD)

method.

[0040]

A structure for calculation was manufactured in the following manner. First, a

unit cell including 84 atoms of I 12Gai2Zn 2 048 was extracted from an amorphous

In-Ga-Zn-O-based oxide semiconductor (a-IGZO) that was formed by a classical

molecular dynamics (CMD) method, and the structure was optimized by quantum

molecular dynamics (QMD) and a first-principle structure optimization. By cutting

the structure-optimized unit cell, a-IGZO layers were obtained. Over the a-IGZO

layers, metal layers having crystals of respective metal atoms (W, Mo, and Ti) were

stacked. After that, the manufactured structures were optimized. Each of these

structures was used as a starting object, and calculation was performed by using the

quantum molecular dynamics (QMD) method at 623.0 K. Note that the lower end of



each of the a-IGZO layers and the top end of each of the metal layers were fixed so that

only interaction at the interface could be estimated.

[0041]

Calculation conditions for the classical molecular dynamics calculation are

shown below. Materials Explorer was used as a calculation program. A-IGZO was

formed under the following conditions. In a calculation cell having a length of 1 n

on each side, 84 atoms in total (the ratio was In:Ga:Zn:0 = 1:1:1:4) were randomly

arranged, and the density was set to 5.9 g/cm3. The temperature was gradually

lowered from 5500 K to 1 K in the NVT ensemble. The total calculation time was 10

ns with time intervals of 0.1 fs. Potentials between metal and oxygen, and between

oxygen and oxygen were of a Born-Mayer-Huggins type, and a potential between metal

and metal was of an UFF type. Electrical charges of In, Ga, Zn, and O were +3, +3, +2,

and -2, respectively.

[0042]

Calculation conditions for the QMD calculation are shown below. A first

principle calculation software, CASTEP, was used as a calculation program.

GGAPBE was used for a functional, and an ultrasoft type was used for pseudopotential.

The cut-off energy was 260 eV, and the k-point set was l l x l . The MD calculation

was performed in the NVT ensemble, and the temperature was 623 K. The total

calculation time was 2.0 ps with time intervals of 1.0 fs.

[0043]

FIGS. 5A and 5B, FIGS. 6A and 6B, and FIGS. 7A and 7B are calculation

results. In FIGS. 5A and 5B, FIGS. 6A and 6B, and FIGS. 7A and 7B, white circles

represent any of metal atoms of W, Mo, and Ti, and black circles represent oxygen

atoms. FIGS. 5A and 5B illustrate structural models in the case of using a metal layer

of W. FIG 5A illustrates the structural model before calculation by the QMD method,

and FIG 5B illustrates the structural model after the calculation by the QMD method.

FIGS. 6A and 6B illustrate structural models in the case of using a metal layer of Mo.

FIG 6A illustrates the structural model before calculation by the QMD method, and FIG

6B illustrates the structural model after the calculation by the QMD method. FIGS. 7A

and 7B illustrate structural models in the case of using a metal layer of Ti. FIG. 7A



illustrates the structural model before calculation by the QMD method, and FIG 7B

illustrates the structural model after the calculation by the QMD method.

[0044]

From FIG 6A and FIG 7A, it is found that oxygen already transfers to the

metal layer at the time of structural optimization in the case of using Mo and the case of

using Ti. From comparison among FIG 5B, FIG. 6B, and FIG. 7B, it is found that the

largest amount of oxygen transfers in the case of using Ti. It is considered that the

most suitable material for an electrode which causes oxygen-deficiency in a-IGZO is Ti.

[0045]

Oxygen that is taken out by titanium reacts with titanium, resulting in titanium

oxide. Then, investigation was conducted to see whether or not the titanium oxide

film formed between the oxide semiconductor film and the titanium film has

conductivity.

[0046]

Titanium dioxide can have some types of crystal structures such as a rutile

structure (a tetragonal system obtained at high temperature), an anatase structure (a

tetragonal system obtained at low temperature), and a brookite structure (an

orthorhombic system). Since the anatase structure and the brookite structure turn into

the rutile structure, which is the most stable structure, by being heated, the titanium

oxide was assumed to have the rutile structure. A crystal structure of titanium oxide

having the rutile structure is shown in FIG 8. The rutile structure is a tetragonal

system, and the space group of crystal symmetry is P42/mnm.

[0047]

Calculation for obtaining state density of the titanium dioxide structure was

performed by using a density functional theory using a GGAPBE functional. While

symmetry was maintained, the structure including the cell structure was optimized and

the state density was calculated. For calculation of a density functional, a plane wave

pseudopotential method in a CASTEP code was used. The cut-off energy was 380 eV.

[0048]

FIG 9 shows the state density of titanium dioxide having the rutile structure.

From FIG 9, it is found that titanium dioxide having the rutile structure has a band gap,

and that it has state density similar to that of an insulator or a semiconductor. Note



that in the density functional theory, the band gap tends to be estimated small; therefore,

the actual band gap of titanium dioxide is approximately 3.0 eV, which is larger than the

band gap shown in the state density of FIG 9.

[0049]

Next, FIG 10 shows the state density of titanium dioxide having the rutile

structure including oxygen deficiency. Specifically, titanium oxide having 24 Ti atoms

and 47 O atoms, which was obtained by removing one O atom from titanium oxide

having 24 Ti atoms and 48 O atoms, was used as a model for calculation. From the

state density of FIG 10, it is found that the Fermi level moves above the band gap;

therefore, in the case where oxygen deficiency is formed, titanium dioxide has n-type

conductivity.

[0050]

Next, FIG 11 shows the state density of titanium monoxide (TiO). From FIG

11, it is found that titanium monoxide has a state density that is similar to that of a

metal.

[0051]

Therefore, from the state density of titanium dioxide in FIG 9, the state density

of titanium dioxide including oxygen deficiency in FIG 10, and the state density of

titanium monoxide in FIG. 11, it is expected that titanium dioxide including oxygen

deficiency (ΤίΟ -δ) has n-type conductivity when 0 < δ < 1. Therefore, even in the

case where a titanium oxide film contains any of titanium dioxide, titanium monoxide,

and titanium dioxide including oxygen deficiency as a component, the titanium oxide

film is considered to be unlikely to inhibit current flow between an In-Ga-Zn-O-based

oxide semiconductor film and a titanium film.

[0052]

FIG 29 shows an energy band diagram between a source electrode and a drain

electrode in a thin film transistor. Note that in FIG 29, an In-Ga-Zn-O-based

non-single-crystal film (IGZO) is used as an oxide semiconductor film, and TiQ films

are included between the oxide semiconductor film and the source electrode, and

between the oxide semiconductor film and the drain electrode of the thin film transistor.

Note that the thickness of the TiO films is more than or equal to 0.1 nm and less than

or equal to 10 nm. The above oxide semiconductor film contains a large number of



metal atoms (e.g., In, Ga, and Zn) and a pair of composite layers that are in contact with

the above pair of TiO films. Electron affinity of the In-Ga-Zn-O-based

non-single-crystal film (IGZO) in a region other than the composite layers, electron

affinity of the TiOx films, electron affinity of Ti for the source electrode and the drain

electrode, and electron affinity of the composite layers are 4.3 eV, 4.3 eV, 4.1 eV, and

4.5 eV, respectively. Note that in FIG 29, the positions of the bands change so that

Fermi levels of the substances are equal. When a gate voltage is not applied, since the

number of carriers in IGZO is small, the Fermi level is near the center of the band gap.

Since the number of carriers in the T IO films and the composite layers are large, the

position of the Fermi level is close to the conduction band. Therefore, in FIG 29, the

position of a conduction band of each substance differs from the above-described

relative value of electron affinity. Since there is almost no difference between the

electron affinities of the composite layers as shown in FIG 29, it is possible to realize a

favorable connection structure between the oxide semiconductor film and the source

electrode, and between the oxide semiconductor film and the drain electrode.

[0053]

(Embodiment 2)

In this embodiment, a structure of a thin film transistor which includes an oxide

semiconductor film in a channel formation region is described by taking an example of

a bottom-gate transistor with a channel-etched structure.

[0054]

FIG 1A illustrates a cross-sectional view of a thin film transistor 201 and FIG

I B illustrates a top view of the thin film transistor 201 illustrated in FIG. 1A. Note that

a cross-sectional view taken along dashed line A1-A2 in FIG I B corresponds to FIG

1A.

[0055]

The thin film transistor 201 includes a gate electrode 203 formed over a

substrate 202 having an insulating surface, a gate insulating film 204 over the gate

electrode 203, an oxide semiconductor film 205 which overlaps with the gate electrode

203 over the gate insulating film 204 and which includes composite layers 250 where

the concentration of one or a plurality of metals contained in the oxide semiconductor is

higher than that in other regions, a pair of metal oxide films 251 formed over the oxide



semiconductor film 205 and in contact with the composite layers 250, and a source

electrode 206 and a drain electrode 207 which are in contact with the metal oxide films

251. Further, the thin film transistor 201 may include as its component an oxide

insulating film 208 formed over the oxide semiconductor film 205. The metal oxide

films 251 are formed by oxidation of a metal contained in the source electrode 206 and

the drain electrode 207.

[0056]

Note that the thin film transistor 201 illustrated in FIGS. 1A to 1C has a

channel-etched structure in which part of the oxide semiconductor film 205 is etched

between the source electrode 206 and the drain electrode 207.

[0057]

An insulating film as a base film may be formed between the gate electrode

203 and the substrate 202. The base film can be formed with a single layer or a

stacked layer using one or more of insulating films which prevent diffusion of impurity

elements from the substrate 202, specifically, a silicon nitride film, a silicon oxide film,

a silicon nitride oxide film, and a silicon oxynitride film.

[0058]

A material for the gate electrode 203 can be a single layer or a stacked layer

using one or more of a metal material such as molybdenum, titanium, chromium,

tantalum, tungsten, neodymium, or scandium, or an alloy material which contains any

of these metal materials as a main component, or a nitride of these metals. Note that

aluminum or copper can also be used as the above metal material as long as it can

withstand a temperature of heat treatment performed in a later step. Aluminum or

copper is preferably used in combination with a refractory metal material in order to

avoid problems with heat resistance and corrosion. As the refractory metal material,

molybdenum, titanium, chromium, tantalum, tungsten, neodymium, scandium, or the

like can be used.

[0059]

For example, as a two-layer structure of the gate electrode 203, it is preferable

to stack a titanium nitride film and a molybdenum film. As a three-layer structure, it is

preferable to stack a tungsten film or a tungsten nitride film, an alloy film of aluminum

and silicon or an alloy film of aluminum and titanium, and a titanium nitride film or a



titanium film.

[0060]

Further, by using a light-transmitting oxide conductive film of indium oxide, an

indium oxide-tin oxide alloy, an indium oxide-zinc oxide alloy, zinc oxide, zinc

aluminum oxide, zinc aluminum oxynitride, zinc gallium oxide, or the like, the aperture

ratio of a pixel portion can be increased.

[0061]

In this specification, oxynitride refers to a substance which contains more

oxygen than nitrogen, and nitride oxide refers to a substance which contains more

nitrogen than oxygen.

[0062]

The thickness of the gate electrode 203 is 10 nm to 400 nm, preferably 100 nm

to 200 nm. In this embodiment, after a conductive film with a thickness of 100 nm for

the gate electrode is formed by a sputtering method using a tungsten target, the

conductive film is processed (patterned) by etching to have a desired shape, so that the

gate electrode 203 is formed.

[0063]

The gate insulating film 204 can be formed with a single layer of a silicon

oxide film, a silicon nitride film, a silicon oxynitride film, a silicon nitride oxide film,

an aluminum oxide film, or a tantalum oxide film or a stacked layer thereof by a plasma

CVD method, a sputtering method, or the like. In this embodiment, a silicon

oxynitride film with a thickness of 100 nm is used as the gate insulating film 204.

[0064]

After the oxide semiconductor film is formed by a sputtering method using an

oxide semiconductor as a target, the oxide semiconductor film is processed into a

desired shape by etching or the like, so that the island-shaped oxide semiconductor film

205 is formed. The oxide semiconductor film can be formed by a sputtering method

under a rare gas (for example, argon) atmosphere, an oxygen atmosphere, or a mixed

atmosphere including a rare gas and oxygen. The thickness of the island-shaped oxide

semiconductor film 205 is more than or equal to 10 nm and less than or equal to 300 nm,

preferably, more than or equal to 20 nm and less than or equal to 100 nm.

[0065]



As the oxide semiconductor film 205, the oxide semiconductor described above

can be used.

[0066]

In this embodiment, as the oxide semiconductor film 205, an

In-Ga-Zn-O-based non-single-crystal film with a thickness of 50 nm, which is obtained

by a sputtering method using an oxide semiconductor target including indium (In),

gallium (Ga), and zinc (Zn) (In20 3:Ga20 3:ZnO = 1:1:1), is used.

[0067]

After a conductive film for a source electrode and a drain electrode is formed

over the island-shaped oxide semiconductor film 205, the conductive film is patterned

by etching or the like, so that the source electrode 206 and the drain electrode 207 are

formed. When the source electrode 206 and the drain electrode 207 are formed by the

patterning, an exposed portion of the island-shaped oxide semiconductor film 205 is

partly etched in some cases. In this case, in the oxide semiconductor film 205, the

thickness of a region between the source electrode 206 and the drain electrode 207

becomes smaller than the thickness of regions which overlap with the source electrode

206 or the drain electrode 207, as illustrated in FIG 1A.

[0068]

As a material of a conductive film for the source electrode and the drain

electrode, for example, an element selected from titanium, tungsten, and molybdenum,

an alloy containing one or more of the above elements, or the like can be used. In a

semiconductor device of one embodiment of the present invention, in the source

electrode 206 and the drain electrode 207, at least a portion which is the closest to the

island-shaped oxide semiconductor film 205 may be formed using an element selected

from titanium, tungsten, and molybdenum, an alloy containing one or more of the above

elements, or the like. Therefore, in the case where the source electrode 206 and the

drain electrode 207 each having a structure in which a plurality of metal films are

stacked, a metal film that is in contact with the oxide semiconductor film 205 may be

formed using titanium, tungsten, or molybdenum, and the other metal films can be

formed using any of the following examples: an element selected from aluminum,

chromium, tantalum, titanium, manganese, magnesium, molybdenum, tungsten,

zirconium, beryllium, and yttrium; an alloy containing one or more of the above



elements as a component; a nitride containing the above element as a component; or the

like. For example, by using a conductive film having a stacked structure of a titanium

film, an aluminum alloy film containing neodymium, and a titanium film, and by using

the titanium film in the portion which is the closest to the island-shaped oxide

semiconductor film 205, the source electrode 206 and the drain electrode 207 can have a

low resistance and high heat resistance in the aluminum alloy film containing

neodymium.

[0069]

Note that in the case where heat treatment is performed after the formation of

the conductive film for the source electrode and the drain electrode, the conductive film

preferably has heat resistance enough to withstand the heat treatment. In the case of

performing heat treatment after the formation of the conductive film, the conductive

film is formed in combination with the heat-resistant conductive material because

aluminum alone has problems of low heat resistance, being easily corroded, and the like.

As the heat-resistant conductive material which is combined with aluminum, the

following material is preferably used: an element selected from titanium, tantalum,

tungsten, molybdenum, chromium, neodymium, and scandium; an alloy containing one

or more of these elements as a component; a nitride containing any of these elements as

a component; or the like.

[0070]

The thickness of the conductive film for the source electrode and the drain

electrode is 10 nm to 400 nm, preferably 100 nm to 200 nm. In this embodiment, after

a conductive film for a source electrode and a drain electrode is formed by a sputtering

method using a titanium target, the conductive film is processed (patterned) by etching

to have a desired shape, so that the source electrode 206 and the drain electrode 207 are

formed.

[0071]

By forming the source electrode 206 and the drain electrode 207 having the

above structure, oxygen in the region of the oxide semiconductor film 205 which is the

closest to the source electrode 206 and the drain electrode 207 is taken out, so that the

composite layers 250 where the concentration of a metal contained in the oxide

semiconductor film 205 is higher than that in other regions (metal-rich layers) are



formed in the oxide semiconductor film 205. The oxygen that is taken out reacts with

the metal in the source electrode 206 and the drain electrode 207, so that the metal oxide

films 251 are formed between the metal-rich composite layer 250 and the source

electrode 206, and between the metal-rich composite layer 250 and the drain electrode

207. The thickness of the metal-rich composite layers 250 is more than or equal to 2

nm and less than or equal to 10 nm, and the thickness of the metal oxide films 251 is

more than or equal to 2 nm and less than or equal to 10 nm.

[0072]

For example, in the case where an In-Ga-Zn-O-based oxide semiconductor is

used for the oxide semiconductor film 205, the composite layers 250 where the

concentration of indium is higher than that in other regions (In-rich layers) exist in

regions of the oxide semiconductor film 205 which are the closest to the source

electrode 206 and the drain electrode 207, so that resistance of the In-rich composite

layers 250 in the oxide semiconductor film 205 becomes lower. In the case where

titanium is used for the source electrode 206 and the drain electrode 207, the metal

oxide films 251 formed between the source electrode 206 and the oxide semiconductor

film 205 and between the drain electrode 207 and the oxide semiconductor film 205

contain titanium oxide (TiQx) and have n-type conductivity. Therefore, with the above

structure, contact resistance between the source electrode 206 and the oxide

semiconductor film 205 and between the drain electrode 207 and the oxide

semiconductor film 205 is reduced, and the amount of on-current and field effect

mobility of a TFT can be increased.

[0073]

The oxide insulating film 208 is formed to be in contact with the island-shaped

oxide semiconductor film 205, the source electrode 206, and the drain electrode 207 by

a sputtering method. The oxide insulating film 208 in contact with the island-shaped

oxide semiconductor film 205 is preferably formed using an inorganic insulating film

which contains as few impurities, e.g., moisture, hydrogen, and a hydroxy group, as

possible and blocks entry of these impurities from the outside, such as a silicon oxide

film, a silicon nitride oxide film, an aluminum oxide film, or an aluminum oxynitride

film. In this embodiment, a silicon oxide film with a thickness of 300 nm is preferably

formed as the oxide insulating film 208.



[0074]

When the oxide insulating film 208 is formed in contact with the oxide

semiconductor film 205 by a sputtering method, a PCVD method, or the like, oxygen is

supplied to at least a region of the oxide semiconductor film 205 which is in contact

with the oxide insulating film 208, and resistance becomes higher because the carrier

concentration becomes low, preferably to a value of less than 1 x 10 18 /cm3; as a result,

a high-resistance oxide semiconductor region is formed. By forming the oxide

insulating film 208, the oxide semiconductor film 205 has a high-resistance oxide

semiconductor region in vicinity of an interface between the oxide semiconductor film

205 and the oxide insulating film 208.

[0075]

Note that as illustrated in FIG 1C, the thin film transistor 201 may further

include a conductive film 209 over the oxide insulating film 208. A material or

stacked layer structure similar to that for the gate electrode 203 can be used for the

conductive film 209. The thickness of the conductive film 209 is 10 nm to 400 nm,

preferably 100 nm to 200 nm. A resist mask is formed by a photolithography method

and a conductive film is processed (patterned) to have a desired shape. The conductive

film 209 is formed so as to overlap with a channel formation region in the oxide

semiconductor film 205. The conductive film 209 may be in a floating state, that is,

electrically insulated, or may be in a state in which a potential is given. In the latter

case, a potential having the same level as the gate electrode 203 or a fixed potential such

as a ground potential may be given to the conductive film 209. By controlling the

level of a potential given to the conductive film 209, the threshold voltage of the thin

film transistor 201 can be controlled.

[0076]

Further, in the case of forming the conductive film 209, an insulating film 210

is formed so as to cover the conductive film 209. The insulating film 210 is formed

using an inorganic insulating film which contains as few impurities, e.g., moisture,

hydrogen, and a hydroxy group, as possible and blocks entry of these impurities from

the outside, such as a silicon oxide film, a silicon nitride oxide film, an aluminum oxide

film, or an aluminum oxynitride film.

[0077]



A thin film transistor using an oxide semiconductor has high mobility

compared to a thin film transistor using amorphous silicon, and uniform element

characteristics similar to those of a thin film transistor using amorphous silicon.

Accordingly, an oxide semiconductor can be used for not only a pixel portion but also a

semiconductor element which forms a driver circuit with higher driving frequency than

the pixel portion. A system-on-panel can be realized without a process of

crystallization or the like.

[0078]

This embodiment can be implemented in combination with the above

embodiment.

[0079]

(Embodiment 3)

In this embodiment, a structure of a bottom-contact thin film transistor which is

different from that of the thin film transistor 201 illustrated in Embodiment 2 is

described. For the same portions as those in Embodiment 2 or portions having

functions similar to those in Embodiment 2, Embodiment 2 can be referred to, and

repetitive description thereof is omitted.

[0080]

FIG 12A illustrates a cross-sectional view of a thin film transistor 211, and FIG.

12B illustrates a top view of the thin film transistor 211 illustrated in FIG. 12A. Note

that a cross-sectional view taken along dashed line B1-B2 in FIG 12B corresponds to

FIG 12A.

[0081]

The thin film transistor 211 includes a gate electrode 213 formed over a

substrate 212 having an insulating surface, a gate insulating film 214 over the gate

electrode 213, a source electrode 216 or a drain electrode 217 over the gate insulating

film 214, metal oxide films 261 in contact with the source electrode 216 or the drain

electrode 217, and an oxide semiconductor film 215 which overlaps with the gate

electrode 213 and which includes composite layers 260 where the concentration of one

or a plurality of metals contained in the oxide semiconductor is higher than that in other

regions. The composite layers 260 are in contact with the metal oxide films 261.

Further, the thin film transistor 211 may include as its component an oxide insulating



film 218 formed over the oxide semiconductor film 215. The metal oxide films 261

are formed by oxidation of a metal contained in the source electrode 216 and the drain

electrode 217.

[0082]

An insulating film as a base film may be provided between the gate electrode

213 and the substrate 212. The base film can be formed using a material and a stacked

layer structure similar to those in Embodiment 2. In addition, the gate electrode 213

can be formed using the material and stacked layer structure similar to those in

Embodiment 2.

[0083]

The thickness of the gate electrode 213 is 10 nm to 400 nm, preferably 100 nm

to 200 nm. In this embodiment, after a conductive film with a thickness of 100 nm for

the gate electrode is formed by a sputtering method using a tungsten target, the

conductive film is processed (patterned) by etching to have a desired shape, so that the

gate electrode 213 is formed.

[0084]

The gate insulating film 214 can be formed using the material and stacked layer

structure similar to those in Embodiment 2, and the manufacturing method shown in

Embodiment 2. In this embodiment, a silicon oxynitride film with a thickness of 100

nm is used as the gate insulating film 204.

[0085]

After a conductive film for a source electrode and a drain electrode is formed

over the gate insulating film 214, the conductive film is patterned by etching or the like,

so that the source electrode 216 and the drain electrode 217 are formed.

[0086]

As a material of a conductive film for the source electrode and the drain

electrode, for example, an element selected from titanium, tungsten, and molybdenum,

an alloy containing one or more of the above elements, or the like can be used. In a

semiconductor device of one embodiment of the present invention, in the source

electrode 216 and the drain electrode 217, at least a portion which is the closest to the

island-shaped oxide semiconductor film 215 to be formed later may be formed using an

element selected from titanium, tungsten, and molybdenum, an alloy containing one or



more of the above elements, or the like. Therefore, in the case where the source

electrode 216 and the drain electrode 217 each having a structure in which a plurality of

metal films are stacked, a metal film that is in contact with the oxide semiconductor

film 215 may be formed using titanium, tungsten, or molybdenum, and the other metal

films can be formed using any of the following examples: an element selected from

aluminum, chromium, tantalum, titanium, manganese, magnesium, molybdenum,

tungsten, zirconium, beryllium, and yttrium; an alloy containing one or more of the

above elements as a component; a nitride containing the above element as a component;

or the like. For example, by using a conductive film having a stacked structure of a

titanium film, an aluminum alloy film containing neodymium, and a titanium film, and

by using the titanium film in the portion which is the closest to the island-shaped oxide

semiconductor film 215, the source electrode 216 and the drain electrode 217 can have a

low resistance and high heat resistance in the aluminum alloy film containing

neodymium.

[0087]

Note that in the case where heat treatment is performed after the formation of

the conductive film for the source electrode and the drain electrode, the conductive film

preferably has heat resistance enough to withstand the heat treatment. In the case of

performing heat treatment after the formation of the conductive film, the conductive

film is formed in combination with the heat-resistant conductive material because

aluminum alone has problems of low heat resistance, being easily corroded, and the like.

As the heat-resistant conductive material which is combined with aluminum, the

following material is preferably used: an element selected from titanium, tantalum,

tungsten, molybdenum, chromium, neodymium, and scandium; an alloy containing one

or more of these elements as a component; a nitride containing any of these elements as

a component; or the like.

[0088]

The source electrode 216 and the drain electrode 217 of a bottom-contact thin

film transistor are preferably thinner than those of the bottom-gate transistor illustrated

in Embodiment 2 in order to prevent breakage of the oxide semiconductor film 215

formed later. Specifically, the thicknesses of the source electrode 216 and the drain

electrode 217 are 10 nm to 200 nm, preferably 50 n to 75 nm. In this embodiment,



after a conductive film for a source electrode and a drain electrode is formed by a

sputtering method using a titanium target, the conductive film is processed (patterned)

to have a desired shape by etching, so that the source electrode 216 and the drain

electrode 217 are formed.

[0089]

The island-shaped oxide semiconductor film 215 can be formed using a

material similar to that in Embodiment 2 and the manufacturing method shown in

Embodiment 2, so as to be in contact with the gate insulating film 214 in a position

overlapping with the gate electrode 213 over the source electrode 216 and the drain

electrode 217.

[0090]

In this embodiment, as the oxide semiconductor film 215, an

In-Ga-Zn-O-based non-single-crystal film with a thickness of 50 nm, which is obtained

by a sputtering method using an oxide semiconductor target including indium (In),

gallium (Ga), and zinc (Zn) (In20 3:Ga20 3:ZnO = 1:1:1), is used.

[0091]

By forming the oxide semiconductor film 215 having the above structure over

the source electrode 216 and the drain electrode 217, oxygen in the region of the oxide

semiconductor film 215 which is the closest to the source electrode 216 and the drain

electrode 217 is taken out, so that the composite layers 260 where the concentration of a

metal contained in the oxide semiconductor film 215 is higher than that in other regions

(metal-rich layers) are formed in the oxide semiconductor film 215. The oxygen that

is taken out reacts with the metal in the source electrode 216 and the drain electrode 217,

so that the metal oxide films 261 are formed between the metal-rich composite layer

260 and the source electrode 216, and between the metal-rich composite layer 260 and

the drain electrode 217. The thickness of the metal-rich composite layers 260 is more

than or equal to 2 nm and less than or equal to 10 nm, and the thickness of the metal

oxide films 261 is more than or equal to 2 nm and less than or equal to 10 nm.

[0092]

For example, in the case where an In-Ga-Zn-O-based oxide semiconductor is

used for the oxide semiconductor film 215, the composite layers 260 where the

concentration of indium is higher than that in other regions (In-rich layers) exist in



regions of the oxide semiconductor film 215 which are the closest to the source

electrode 216 and the drain electrode 217, so that resistance of the In-rich composite

layers 260 in the oxide semiconductor film 215 becomes lower. In the case where

titanium is used for the source electrode 216 and the drain electrode 217, the metal

oxide films 261 formed between the source electrode 216 and the oxide semiconductor

film 215, and between the drain electrode 217 and the oxide semiconductor film 215

contain titanium oxide (TiQx) and have n-type conductivity. Therefore, with the above

structure, contact resistance between the source electrode 216 and the oxide

semiconductor film 215, and between the drain electrode 217 and the oxide

semiconductor film 215 is reduced, and the amount of on-current and field effect

mobility of a TFT can be increased.

[0093]

The oxide insulating film 218 is formed to be in contact with the island-shaped

oxide semiconductor film 215 by a sputtering method. The oxide insulating film 218

can be formed using the material and stacked layer structure similar to those in

Embodiment 2, and the manufacturing method shown in Embodiment 2. In this

embodiment, a silicon oxide film with a thickness of 300 nm is formed as the oxide

insulating film 218.

[0094]

Note that as illustrated in FIG 12C, the thin film transistor 211 may further

include a conductive film 219 over the oxide insulating film 218. A material or

stacked layer structure similar to that for the gate electrode 213 can be used for the

conductive film 219. The thickness of the conductive film 219 is 10 nm to 400 nm,

preferably 100 nm to 200 nm. A resist mask is formed by a photolithography method

and a conductive film is processed (patterned) to have a desired shape. The conductive

film 219 is formed so as to overlap with a channel formation region in the oxide

semiconductor film 215. The conductive film 219 may be in a floating state, that is,

electrically insulated, or may be in a state in which a potential is given. In the latter

case, a potential having the same level as the gate electrode 213 or a fixed potential such

as a ground potential may be given to the conductive film 219. By controlling the

level of a potential given to the conductive film 219, the threshold voltage of the thin

film transistor 211 can be controlled.



[0095]

Further, in the case of forming the conductive film 219, an insulating film 220

is formed so as to cover the conductive film 219. The insulating film 220 is formed

using an inorganic insulating film which contains as few impurities, e.g., moisture,

hydrogen, and a hydroxy group, as possible and blocks entry of these impurities from

the outside, such as a silicon oxide film, a silicon nitride oxide film, an aluminum oxide

film, or an aluminum oxynitride film.

[0096]

A thin film transistor using an oxide semiconductor has high mobility

compared to a thin film transistor using amorphous silicon, and uniform element

characteristics similar to those of a thin film transistor using amorphous silicon.

Accordingly, an oxide semiconductor can be used for not only a pixel portion but also a

semiconductor element which forms a driver circuit with higher driving frequency than

the pixel portion. A system-on-panel can be realized without a process of

crystallization or the like.

[0097]

This embodiment can be implemented in combination with any of the above

embodiments.

[0098]

(Embodiment 4)

In this embodiment, a structure of a bottom-gate thin film transistor with a

channel-protective structure which is different from that of the thin film transistor 201

illustrated in Embodiment 2 or the thin film transistor 211 illustrated in Embodiment 3

is described. For the same portions as those in Embodiment 2 or portions having

functions similar to those in Embodiment 2, Embodiment 2 can be referred to, and

repetitive description thereof is omitted.

[0099]

FIG 13A illustrates a cross-sectional view of a thin film transistor 221, and FIG

13B illustrates a top view of the thin film transistor 221 illustrated in FIG. 13A. Note

that a cross-sectional view taken along dashed line C1-C2 in FIG 13B corresponds to

FIG 13A.

[0100]



The thin film transistor 221 includes a gate electrode 223 formed over a

substrate 222 having an insulating surface, a gate insulating film 224 over the gate

electrode 223, an oxide semiconductor film 225 which overlaps with the gate electrode

223 over the gate insulating film 224 and which includes composite layers 270 where

the concentration of one or a plurality of metals contained in the oxide semiconductor is

higher than that in other regions, a pair of metal oxide films 271 formed over the oxide

semiconductor film 225 and in contact with the composite layers 270, a source electrode

226 and a drain electrode 227 which are in contact with the metal oxide films 271, and a

channel protective film 231 formed over the island-shaped oxide semiconductor film

225 in a position overlapping with the gate electrode 223. Further, the thin film

transistor 221 may include as its component an oxide insulating film 228 formed over

the oxide semiconductor film 225. The metal oxide films 271 are formed by oxidation

of a metal contained in the source electrode 226 and the drain electrode 227.

[0101]

An insulating film as a base film may be provided between the gate electrode

223 and the substrate 222. The base film can be formed using a material and a stacked

layer structure similar to those in Embodiment 2. In addition, the gate electrode 223

can be formed using the material and stacked layer structure similar to those in

Embodiment 2.

[0102]

The thickness of the gate electrode 223 is 10 nm to 400 nm, preferably 100 nm

to 200 nm. In this embodiment, after a conductive film with a thickness of 100 nm for

the gate electrode is formed by a sputtering method using a tungsten target, the

conductive film is processed (patterned) by etching to have a desired shape, so that the

gate electrode 223 is formed.

[0103]

The gate insulating film 224 can be formed using the material and stacked layer

structure similar to those in Embodiment 2, and the manufacturing method shown in

Embodiment 2. In this embodiment, a silicon oxynitride film with a thickness of 100

nm is used as the gate insulating film 224.

[0104]

The island-shaped oxide semiconductor film 225 can be formed by using the



same material as in Embodiment 2 and the method described in Embodiment 2, over the

gate insulating film 224 in a position which overlaps with the gate electrode 223.

[0105]

In this embodiment, as the oxide semiconductor film 225, an

In-Ga-Zn-O-based non-single-crystal film with a thickness of 50 nm, which is obtained

by a sputtering method using an oxide semiconductor target including indium (In),

gallium (Ga), and zinc (Zn) (In 0 3:Ga20 3:ZnO = 1:1:1), is used.

[0106]

The channel protective film 231 is formed over the island-shaped oxide

semiconductor film 225 in a position of the island-shaped oxide semiconductor film 225

which overlaps with a portion to be a channel formation region, i.e., a position which

overlaps with the gate electrode 223. The channel protective film 231 can prevent the

portion of the oxide semiconductor film 225, which serves as a channel formation

region later, from being damaged in a later step (for example, reduction in thickness due

to plasma or an etchant in etching). Therefore, reliability of the thin film transistor can

be improved.

[0107]

The channel protective film 231 can be formed using an inorganic material that

contains oxygen (e.g., silicon oxide, silicon nitride oxide, silicon oxynitride, aluminum

oxide, or aluminum oxynitride). The channel protective film 231 can be formed by a

vapor deposition method such as a plasma CVD method or a thermal CVD method, or a

sputtering method. After the formation of the channel protective film 231, the shape

thereof is processed by etching. Here, the channel protective film 231 is formed in

such a manner that a silicon oxide film is formed by a sputtering method and processed

by etching using a mask formed by photolithography.

[0108]

When the channel protective film 231, which is an oxide insulating film, is

formed to be in contact with the island-shaped oxide semiconductor film 225 by a

sputtering method, a PCVD method, or the like, oxygen is supplied from the channel

protective film 231. Carrier concentration at least in a region of the island-shaped

oxide semiconductor film 225 in contact with the channel protective film 231 is



preferably lowered to less than 1 x 10 /cm , more preferably equal to or less than 1 x

10 14/cm3, and resistance becomes higher, resulting in a high-resistance oxide

semiconductor region. By formation of the channel protective film 231, the oxide

semiconductor film 225 can have the high-resistance oxide semiconductor region in the

vicinity of the interface between the oxide semiconductor film 225 and the channel

protective film 231.

[0109]

After a conductive film for a source electrode and a drain electrode is formed

over the island-shaped oxide semiconductor film 225 and the channel protective film

231, the conductive film is patterned by etching or the like, so that the source electrode

226 and the drain electrode 227 are formed.

[0110]

As a material of a conductive film for the source electrode and the drain

electrode, for example, an element selected from titanium, tungsten, and molybdenum,

an alloy containing one or more of the above elements, or the like can be used. In a

semiconductor device of one embodiment of the present invention, in the source

electrode 226 and the drain electrode 227, at least a portion which is the closest to the

island-shaped oxide semiconductor film 225 may be formed using an element selected

from titanium, tungsten, and molybdenum, an alloy containing one or more of the above

elements, or the like. Therefore, in the case where the source electrode 226 and the

drain electrode 227 each having a structure in which a plurality of metal films are

stacked, a metal film that is in contact with the oxide semiconductor film 225 may be

formed using titanium, tungsten, or molybdenum, and the other metal films can be

formed using any of the following examples: an element selected from aluminum,

chromium, tantalum, titanium, manganese, magnesium, molybdenum, tungsten,

zirconium, beryllium, and yttrium; an alloy containing one or more of the above

elements as a component; a nitride containing the above element as a component; or the

like. For example, by using a conductive film having a stacked structure of a titanium

film, an aluminum alloy film containing neodymium, and a titanium film, and by using

the titanium film in the portion which is the closest to the island-shaped oxide

semiconductor film 225, the source electrode 226 and the drain electrode 227 can have a

low resistance and high heat resistance in the aluminum alloy film containing



neodymium.

[0111]

Note that in the case where heat treatment is performed after the formation of

the conductive film for the source electrode and the drain electrode, the conductive film

preferably has heat resistance enough to withstand the heat treatment. In the case of

performing heat treatment after the formation of the conductive film, the conductive

film is formed in combination with the heat-resistant conductive material because

aluminum alone has problems of low heat resistance, being easily corroded, and the like.

As the heat-resistant conductive material which is combined with aluminum, the

following material is preferably used: an element selected from titanium, tantalum,

tungsten, molybdenum, chromium, neodymium, and scandium; an alloy containing one

or more of these elements as a component; a nitride containing any of these elements as

a component; or the like.

[0112]

The thickness of the conductive film for the source electrode and the drain

electrode is 10 nm to 400 nm, preferably 100 nm to 200 nm. In this embodiment, after

the conductive film for the source electrode and the drain electrode is formed by a

sputtering method using a titanium target, the conductive film is processed (patterned)

by etching to have a desired shape, so that the source electrode 226 and the drain

electrode 227 are formed.

[0113]

By forming the source electrode 226 and the drain electrode 227 having the

above structure, oxygen in the region of the oxide semiconductor film 225 which is the

closest to the source electrode 226 and the drain electrode 227 is taken out, so that the

composite layers 270 where the concentration of a metal contained in the oxide

semiconductor film 225 is higher than that in other regions (metal-rich layers) are

formed in the oxide semiconductor film 225. The oxygen that is taken out reacts with

the metal in the source electrode 226 and the drain electrode 227, so that the metal oxide

films 271 are formed between the metal-rich composite layer 270 and the source

electrode 226, and between the metal-rich composite layer 270 and the drain electrode

227. The thickness of the metal-rich composite layers 270 is more than or equal to 2

nm and less than or equal to 10 nm, and the thickness of the metal oxide films 271 is



more than or equal to 2 n and less than or equal to 10 nm.

[0114]

For example, in the case where an In-Ga-Zn-O-based oxide semiconductor is

used for the oxide semiconductor film 225, the composite layers 270 where the

concentration of indium is higher than that in other regions (In-rich layers) exist in

regions of the oxide semiconductor film 225 which are the closest to the source

electrode 226 and the drain electrode 227, so that resistance of the In-rich composite

layers 270 in the oxide semiconductor film 225 becomes lower. In the case where

titanium is used for the source electrode 226 and the drain electrode 227, the metal

oxide films 271 formed between the source electrode 226 and the oxide semiconductor

film 225, and between the drain electrode 227 and the oxide semiconductor film 225

contain titanium oxide (TiO ) and have n-type conductivity. Therefore, with the above

structure, contact resistance between the source electrode 226 and the oxide

semiconductor film 225, and between the drain electrode 227 and the oxide

semiconductor film 225 is reduced, and the amount of on-current and field effect

mobility of a TFT can be increased.

[0115]

The oxide insulating film 228 is formed to be in contact with the source

electrode 226 and the drain electrode 227 by a sputtering method. The oxide

insulating film 228 can be formed using the material and stacked layer structure similar

to those in Embodiment 2, and the manufacturing method shown in Embodiment 2.

Note that when the channel protective film 231 is formed, the oxide insulating film 228

is not necessarily formed.

[0116]

Note that as illustrated in FIG 13C, the thin film transistor 221 may further

include a conductive film 229 over the oxide insulating film 228. A material or

stacked layer structure similar to that for the gate electrode 223 can be used for the

conductive film 229. The thickness of the conductive film 229 is 10 nm to 400 nm,

preferably 100 nm to 200 nm. A resist mask is formed by a photolithography method

and a conductive film is processed (patterned) to have a desired shape. The conductive

film 229 is formed so as to overlap with a channel formation region in the oxide

semiconductor film 225. The conductive film 229 may be in a floating state, that is,



electrically insulated, or may be in a state in which a potential is given. In the latter

case, a potential having the same level as the gate electrode 223 or a fixed potential such

as a ground potential may be given to the conductive film 229. By controlling the

level of a potential given to the conductive film 229, the threshold voltage of the thin

film transistor 221 can be controlled.

[0117]

Further, in the case of forming the conductive film 229, an insulating film 230

is formed so as to cover the conductive film 229. The insulating film 230 is formed

using an inorganic insulating film which contains as few impurities, e.g., moisture,

hydrogen, and a hydroxy group, as possible and blocks entry of these impurities from

the outside, such as a silicon oxide film, a silicon nitride oxide film, an aluminum oxide

film, or an aluminum oxynitride film.

[0118]

A thin film transistor using an oxide semiconductor has high mobility

compared to a thin film transistor using amorphous silicon, and uniform element

characteristics similar to those of a thin film transistor using amorphous silicon.

Accordingly, an oxide semiconductor can be used for not only a pixel portion but also a

semiconductor element which forms a driver circuit with higher driving frequency than

the pixel portion. A system-on-panel can be realized without a process of

crystallization or the like.

[0119]

This embodiment can be implemented in combination with any of the above

embodiments.

[0120]

(Embodiment 5)

In this embodiment, a structure of a semiconductor display device referred to as

an electronic paper or a digital paper, which is a semiconductor display device of the

present invention, is described.

[0121]

A display element which can control a grayscale by voltage application and has

a memory property is used for the electronic paper. Specifically, in the display element

used for the electric paper, a display element such as a non-aqueous electrophoretic



display element; a display element which uses a PDLC (polymer dispersed liquid

crystal) method, in which liquid crystal droplets are dispersed in a high polymer

material which is between two electrodes; a display element which includes chiral

nematic liquid crystal or cholesteric liquid crystal between two electrodes; a display

element which includes charged fine particles between two electrodes and employs a

particle-moving method in which the charged fine particles are moved through fine

particles by using an electric field; or the like can be used. Further, a non-aqueous

electrophoretic display element may be a display element in which a dispersion liquid in

which charged fine particles are dispersed is interposed between two electrodes; a

display element in which a dispersion liquid in which charged fine particles are

dispersed is included over two electrodes between which an insulating film is

interposed; a display element in which twisting balls having hemispheres which are

different colors which charge differently are dispersed in a solvent between two

electrodes; a display element which includes microcapsules in which a plurality of

charged fine particles are dispersed in a solution, between two electrodes; or the like.

[0122]

FIG 14A illustrates a top view of a pixel portion 700, a signal line driver circuit

701, and a scan line driver circuit 702 of an electronic paper.

[0123]

The pixel portion 700 includes a plurality of pixels 703. Further, a plurality of

signal lines 707 are led into the pixel portion 700 from the signal line driver circuit 701.

A plurality of scan lines 708 are led into the pixel portion 700 from the scan line driver

circuit 702.

[0124]

Each of the pixels 703 includes a transistor 704, a display element 705, and a

storage capacitor 706. A gate electrode of the transistor 704 is connected to one of the

scan lines 708. Further, one of a source electrode and a drain electrode of the

transistor 704 is connected to one of the signal lines 707 and the other of the source

electrode and the drain electrode of the transistor 704 is connected to a pixel electrode

of the display element 705.

[0125]

Note that in FIG. 14A, the storage capacitor 706 is connected in parallel to the



display element 705 so that a voltage applied between the pixel electrode and a counter

electrode of the display element 705 is stored; however, in the case where the memory

property of the display element 705 is so high that display can be maintained, the

storage capacitor 706 is not necessarily provided.

[0126]

Note that although a structure of an active matrix pixel portion in which one

transistor which serves as a switching element is provided in each pixel is described in

FIG 14A, the electric paper which is one embodiment of the invention is not limited to

this structure. A plurality of transistors may be provided in each pixel. Further, in

addition to transistors, elements such as capacitors, resistors, coils, or the like may also

be connected.

[0127]

An electronic paper of an electrophoretic system including microcapsules is

given as one example. FIG 14B illustrates a cross-sectional view of the display

element 705 provided for each of the pixels 703.

[0128]

The display element 705 includes a pixel electrode 710, a counter electrode 711,

and microcapsules 712 to which a voltage is applied by the pixel electrode 710 and the

counter electrode 711. Either the source electrode or the drain electrode 713 of a

transistor 704 is connected to the pixel electrode 710.

[0129]

In the microcapsules 712, positively charged white pigment such as titanium

oxide and negatively charged black pigment such as carbon black are sealed together

with a dispersion medium such as oil. A voltage is applied between the pixel electrode

and the counter electrode in accordance with the voltage of a video signal applied to the

pixel electrode 710, and black pigment and white pigment are drawn to a positive

electrode side and a negative electrode side, respectively. Thus, the grayscale can be

displayed.

[0130]

Further, in FIG 14B, the microcapsules 712 are fixed by light-transmitting

resin 714 between the pixel electrode 710 and the counter electrode 711. However, the

present invention is not limited to this structure. A space formed by the microcapsules



712, the pixel electrode 710, and the counter electrode 711 may be filled with gas such

as inert gas or air. Note that in this case, the microcapsules 712 is preferably fixed to

both or either the pixel electrode 710 and/or the counter electrode 711 by an adhesive or

the like.

[0131]

In addition, the number of the microcapsules 712 included in the display

element 705 is not necessarily plural as in FIG 14B. One display element 705 may

include a plurality of microcapsules 712 or a plurality of display elements 705 may

include one microcapsule 712. For example, two display elements 705 share one

microcapsule 712, and a positive voltage and a negative voltage are applied to the pixel

electrode 710 included in one of the display elements 705 and the pixel electrode 710

included in the other of the display elements 705, respectively. In this case, in the

microcapsule 712 in a region overlapping with the pixel electrode 710 to which a

positive voltage is applied, black pigment is drawn to the pixel electrode 710 side and

white pigment is drawn to the counter electrode 711 side. In contrast, in the

microcapsule 712 in a region overlapping with the pixel electrode 710 to which a

negative voltage is applied, white pigment is drawn to the pixel electrode 710 side and

black pigment is drawn to the counter electrode 711 side.

[0132]

Next, a specific driving method of an electronic paper is described by taking an

example of the above electronic paper of the electrophoretic system.

[0133]

Operation of the electronic paper in an initialization period, a writing period,

and a holding period can be separately described.

[0134]

First, in the initialization period before a display image is switched, the

grayscale levels of each of the pixels in a pixel portion are temporarily set to be equal in

order to initialize display elements. Initialization of the gray scale level prevents an

afterimage. Specifically, in an electrophoretic system, displayed grayscale level is

adjusted by the microcapsule 712 included in the display element 705 such that the

display of each pixel is white or black.

[0135]



In this embodiment, an operation of initialization in the case where after an

initialization video signal for displaying black is inputted to a pixel, an initialization

video signal for displaying white is inputted to a pixel is described. For example,

when the electronic paper of an electrophoretic system in which display of an image is

performed toward the counter electrode 711 side, a voltage is applied to the display

element 705 such that black pigment in the microcapsule 712 moves to the counter

electrode 711 side and white pigment in the microcapsule 712 moves to the pixel

electrode 710 side. Next, a voltage is applied to the display element 705 such that

white pigment in the microcapsule 712 moves to the counter electrode 711 side and

black pigment in the microcapsule 712 moves to the pixel electrode 710 side.

[0136]

Further, depending on the grayscale level displayed before the initialization

period, only one-time input of an initialization video signal to the pixel could possibly

stop the move of white pigment and black pigment in the microcapsule 712 and cause a

difference between displayed grayscale levels of pixels even after the initialization

period ends. Therefore, it is preferable that a negative voltage -Vp with respect to a

common voltage Vcom be applied to the pixel electrode 710 a plurality of times so that

black is displayed and a positive voltage Vp with respect to the common voltage Vcom

be applied to the pixel electrode 710 a plurality of times so that white is displayed.

[0137]

Note that when grayscale levels displayed before the initialization period differ

depending on display elements of each of the pixels, the minimum number of times for

inputting an initialization video signal also varies. Accordingly, the number of times

for inputting an initialization video signal may be changed between pixels in accordance

with a grayscale level displayed before the initialization period. In this case, the

common voltage Vcom is preferably inputted to a pixel to which the initialization video

signal is not necessarily inputted.

[0138]

Note that in order for the voltage Vp or the voltage -Vp which is an

initialization video signal to be applied to the pixel electrode 710 a plurality of times,

the following operation sequence is performed a plurality of times: the initialization



video signal is inputted to a pixel of a line including the scan line in a period during

which a pulse of a selection signal is supplied to each scan line. The voltage Vp or the

voltage -Vp of an initialization video signal is applied to the pixel electrode 710 a

plurality of times, whereby movement of white pigment and black pigment in the

microcapsule 712 converges in order to prevent generation of a difference of grayscale

levels between pixels. Thus, initialization of a pixel in the pixel portion can be

performed.

[0139]

Note that in each pixel in the initialization period, the case where black is

displayed after white as well as the case where white is displayed after black is

acceptable. Alternatively, in each pixel in the initialization period, the case where

black is displayed after white is displayed; and further, after that white is displayed is

also acceptable.

[0140]

Further, as for all of the pixels in the pixel portion, timing of starting the

initialization period is not necessarily the same. For example, timing of starting the

initialization period may be different for every pixel, or every pixel belonging to the

same line, or the like.

[0141]

Next in the writing period, a video signal having image data is inputted to the

pixel.

[0142]

In the case where an image is displayed on the entire pixel portion, in one

frame period, a selection signal in which a pulse of voltage is shifted is sequentially

inputted to all of the scan lines. Then, in one line period in which a pulse appears in a

selection signal, a video signal having image data is inputted to all of the signal line.

[0143]

White pigment and black pigment in the microcapsule 712 are moved to the

pixel electrode 710 side and the counter electrode 711 in accordance with the voltage of

the video signal applied to the pixel electrode 710, so that the display element 705

displays a grayscale.

[0144]



Note that also in the writing period, the voltage of a video signal is preferably

applied to the pixel electrode 710 a plurality of times as in the initialization period.

Accordingly, the following operation sequence is performed a plurality of times: the

video signal is inputted to a pixel of a line including the scan line in a period during

which a pulse of a selection signal is supplied to each scan line.

[0145]

Next, in the holding period, after the common voltage Vcom is inputted to all

of the pixels through signal lines, a selection signal is not inputted to a scan line, or a

video signal is not inputted to a signal line. Accordingly, the positions of white

pigment and black pigment in the microcapsule 712 included in the display element 705

is maintained unless a positive or negative voltage is applied between the pixel

electrode 710 and the counter electrode 711, so that the grayscale level displayed on the

display element 705 is held. Therefore, an image written in the writing period is

maintained even in the holding period.

[0146]

Note that a voltage needed for changing gray scales of the display element used

for an electric paper tends to be higher than that of a liquid crystal element used for a

liquid crystal display device or that of a light-emitting element such as an organic

light-emitting element used for a light-emitting device. Therefore, the potential

difference between the source electrode and the drain electrode of the transistor 704 of a

pixel serving for a switching element in a writing period is large; as a result, off-current

is increased, and disturbance of display is likely to occur due to fluctuation of potentials

of the pixel electrode 710. In order to prevent fluctuation of potentials of the pixel

electrode 710 caused by the off-current of the transistor 704, it is effective to increase

capacitance of the storage capacitor 706. In addition, noise of display by the display

element 705 can occur in some cases by not only a voltage between the pixel electrode

710 and the counter electrode 711, but also a voltage generated between the signal line

707 and the counter electrode 711 being applied to microcapsules 712. In order to

prevent the noise, it is effective to secure a large area of the pixel electrode 710 and

prevent the voltage generated between the signal line 707 and the counter electrode 711

from being applied to the microcapsules 712. However, as described above, when

capacitance of the storage capacitor 706 is increased in order to prevent fluctuations of



potentials of the pixel electrode 710, or when the area of the pixel electrode 710 is

increased in order to prevent the noise of display, the value of current to be supplied to a

pixel in a wiring period becomes high, resulting in a longer time for input of a video

signal. In an electric paper of one embodiment of the present invention, since the

transistor 704 used for a pixel as a switching element has high field effect mobility, a

high on-current can be obtained. As a result, even when the capacitance of the storage

capacitor 706 is increased, or even when the area of the pixel electrode 710 is increased,

a video signal can be rapidly input to a pixel. Therefore, the length of the writing time

can be suppressed, and displayed images can be smoothly switched.

[0147]

This embodiment can be implemented in combination with any of the above

embodiments.

[0148]

(Embodiment 6)

FIG 15A is an example of a block diagram of an active matrix semiconductor

display device. Over a substrate 5300 in the display device, a pixel portion 5301, a

first scan line driver circuit 5302, a second scan line driver circuit 5303, and a signal

line driver circuit 5304 are provided. In the pixel portion 5301, a plurality of signal

lines extended from the signal line driver circuit 5304 is arranged and a plurality of scan

lines extended from the first scan line driver circuit 5302 and the second scan line driver

circuit 5303 is arranged. Note that pixels which include display elements are provided

in a matrix in respective regions where the scan lines and the signal lines intersect with

each other. Further, the substrate 5300 in the display device is connected to a timing

control circuit 5305 (also referred to as a controller or a controller IC) through a

connection portion such as a flexible printed circuit (FPC).

[0149]

In FIG 15A, the first scan line driver circuit 5302, the second scan line driver

circuit 5303, and the signal line driver circuit 5304 are provided over the same substrate

5300 as the pixel portion 5301. Therefore, since the number of components provided

outside such as a driver circuit is reduced, it is possible not only to downsize the display

device but also to reduce cost due to decrease in the number of assembly steps and

inspection steps. Further, if the driver circuit is provided outside the substrate 5300,



wirings would need to be extended and the number of connections of wirings would be

increased, but by providing the driver circuit over the substrate 5300, the number of

connections of the wirings can be reduced. Therefore, decrease in yield due to

defective connection of the driver circuit and the pixel portion can be prevented, and

decrease in reliability due to low mechanical strength at a connection portion can be

prevented.

[0150]

Note that as an example, the timing control circuit 5305 supplies a first scan

line driver circuit start signal (GSP1) and a scan line driver circuit clock signal (GCK1)

to the first scan line driver circuit 5302. Moreover, as an example, the timing control

circuit 5305 supplies a second scan line driver circuit start signal (GSP2) (also referred

to as a start pulse) and a scan line driver circuit clock signal (GCK2) to the second scan

line driver circuit 5303. The timing control circuit 5305 supplies a signal line driver

circuit start signal (SSP), a signal line driver circuit clock signal (SCK), video signal

data (DATA) (also simply referred to as a video signal) and a latch signal (LAT) to the

signal line driver circuit 5304. Note that each clock signal may be a plurality of clock

signals whose periods are different or may be supplied together with an inverted clock

signal (CKB). Either the first scan line driver circuit 5302 or the second scan line

driver circuit 5303 can be omitted.

[0151]

In FIG 15B, a circuit with a low drive frequency (e.g., the first scan line driver

circuit 5302 and the second scan line driver circuit 5303) is formed over the same

substrate 5300 as the pixel portion 5301, and the signal line driver circuit 5304 is

formed over another substrate which is different from the substrate provided with the

pixel portion 5301. It is also possible to form a circuit with a low drive frequency such

as an analog switch used for a sampling circuit in the signal line driver circuit 5304

partly over the same substrate 5300 as the pixel portion 5301. Thus, by partly

employing system-on-panel, advantages of system-on-panel such as the

above-described prevention of decrease in yield due to defective connection, or low

mechanical strength at a connection portion, and reduction in cost due to decrease in the

number of assembly steps and inspection steps can be obtained more or less. Further,

as compared with system-on-panel in which the pixel portion 5301, the first scan line



driver circuit 5302, the second scan line driver circuit 5303, and the signal line driver

circuit 5304 are formed over one substrate, by partly employing system-on-panel, it is

possible to increase performance of a circuit with a high drive frequency. Moreover,

formation of a pixel portion having a large area is possible, which is difficult to realize

in the case of using a single crystal semiconductor.

[0152]

Next, a structure of a signal line driver circuit including an n-channel transistor

is described.

[0153]

The signal line driver circuit illustrated in FIG. 16A includes a shift register

5601 and a sampling circuit 5602. The sampling circuit 5602 includes a plurality of

switching circuits 5602 1 to 5602 V (N is a natural number). The switching circuits

5602 1 to 5602 V each include a plurality of n-channel transistors 5603 1 to 5603_ k

is a natural number).

[0154]

A connection relation in the signal line driver circuit is described by using the

switching circuit 5602 1 as an example. Note that one of a source electrode and a

drain electrode included in a transistor is referred to as a first terminal, and the other of

the source electrode and the drain electrode is referred to as a second terminal in the

description below.

[0155]

First terminals of the transistors 5603 1 to 5603 A: are connected to wirings

5604 1 to 5604_£, respectively. The video signal is input to each of the wirings

5604 1 to 5604 . Second terminals of the thin film transistors 5603 1 to 5603_ are

connected to signal lines SI to Sk, respectively. Gate electrodes of the thin film

transistors 5603 1 to 5603_& are connected to a wiring 5605_1.

[0156]

The shift register 5601 has the function of sequentially selecting the switching

circuits 5602 1 to 5602 V by sequentially outputting timing signals having a high

voltage level (H level) to wirings 5605_1 to 5605_N.

[0157]



The switching circuit 5602 1 has a function of controlling a conduction state

between the wirings 5604 1 to 5604 and the signal lines S I to Sk (a conduction state

between the first terminal and the second terminal), i.e., a function of controlling

whether or not to supply potentials of the wirings 5604 1 to 5604 to the signal lines

SI to Sk by switching of the transistors 5603_1 to 5603JV.

[0158]

Next, operation of the signal line driver circuit shown in FIG 16A is described

with reference to a timing chart in FIG 16B. FIG 16B illustrates a timing chart of

timing signals Sout l to Sout N respectively inputted to the wirings 5605_1 to 5605 _N,

and video signals Vdata l to Vdata respectively inputted to the wirings 5604 1 to

5604_£ from the shift register 5601, as one example.

[0159]

Note that one operation period of the signal line driver circuit corresponds to

one line period in a display device. FIG 16B illustrates one example of the case where

one line period is divided into periods T l to TN . Each of the periods T l to TN is a

period for writing a video signal to one pixel belonging to the selected row.

[0160]

In the periods T l to TN , the shift register 5601 sequentially outputs H-level

timing signals to the wirings 5605 1 to 5605 _N. For example, in the period Tl, the

shift register 5601 outputs an H-level signal to the wiring 5605 1. Then, the thin film

transistors 5603 1 to 5603 included in the switching circuit 5602 1 are turned on, so

that the wirings 5604 1 to 5604 and the signal lines S I to Sk are brought into

conduction. In this case, Data (SI) to Data (Sk) are input to the wirings 5604 1 to

5604 , respectively. The Data (SI) to Data (Sk) are input to pixels in the first to th

columns in the selected row through the transistors 5603 1 to 5603 . Thus, in the

periods T l to TN , video signals are sequentially written to the pixels in the selected row

by k columns.

[0161]

By writing video signals to pixels of every plurality of columns, the number of

video signals or the number of wirings can be reduced. Thus, connections to an

external circuit such as a controller can be reduced. By writing video signals to pixels



of every plurality of columns, writing time can be extended and insufficient writing of

video signals can be prevented.

[0162]

Next, one mode of a shift register used for the signal line driver circuit or the

scan line driver circuit will be described with reference to FIGS. 17A and 17B and FIGS.

18Aand 18B.

[0163]

The shift register includes first to N -th pulse output circuits 10_1 to I O N (N is

a natural number of greater than or equal to 3) (see FIG. 17A). A first clock signal

CK1, a second clock signal CK2, a third clock signal CK3, and a fourth clock signal

CK4 are supplied from a first wiring 11, a second wiring 12, a third wiring 13, and a

fourth wiring 14, respectively, to the first to N th pulse output circuits 10_1 to 10_N. A

start pulse SP1 (a first start pulse) from a fifth wiring 15 is input to the first pulse output

circuit 10_1. A signal from a pulse output circuit of the previous stage (also referred to

as a previous stage signal OUT (n-1) n is a natural number of greater than or equal to

2) is input to the -th pulse output circuit 10_n (n is a natural number of greater than or

equal to 2 and less than or equal to N) of the second and subsequent stages. To the first

pulse output circuit 10 1, a signal from the third pulse output circuit 10 3 of a stage

following the next stage is input. Similarly, to the n-th pulse output circuit 10_n of the

second or subsequent stage, a signal from the (n+2)th pulse output circuit 10_ (n+2) of

the stage following the next stage (such a signal is referred to as a subsequent-stage

signal OUT(n+2)) is input. Therefore, from the pulse output circuits of the respective

stages, first output signals (OUT(l)(SR) to OUT(N )(SR)) to be input to the pulse output

circuits of the subsequent stages and/or the stages before the preceding stages and

second output signals (OUT(l) to OUT(N)) to be input to different circuits or the like

are output. Since later-stage signals OUT(n+2) are not input to the pulse output

circuits in the last two stages of the shift register, a structure in which a second start

pulse SP2 and a third start pulse SP3 are input to the respective pulse output circuits

may be employed, for example, as shown in FIG 17A.

[0164]

Note that a clock signal (C ) alternates between an H level and an L level (low



level voltage) at regular intervals. The first to the fourth clock signals (CK1) to (CK4)

are delayed by 1/4 period sequentially. In this embodiment, by using the first to fourth

clock signals (CK1) to (CK4), control or the like of driving of a pulse output circuit is

performed.

[0165]

A first input terminal 21, a second input terminal 22, and a third input terminal

23 are electrically connected to any of the first to fourth wirings 11 to 14. For example,

in FIG 17A, the first input terminal 21 of the first pulse output circuit 10 1 is

electrically connected to the first wiring 11, the second input terminal 22 of the first

pulse output circuit 10_1 is electrically connected to the second wiring 12, and the third

input terminal 23 of the first pulse output circuit 10 1 is electrically connected to the

third wiring 13. In addition, the first input terminal 21 of the second pulse output

circuit 10 2 is electrically connected to the second wiring 12, the second input terminal

22 of the second pulse output circuit 10_2 is electrically connected to the third wiring

13, and the third input terminal 23 of the second pulse output circuit 10 2 is electrically

connected to the fourth wiring 14.

[0166]

Each of the first to N -th pulse output circuits 10_1 to I O N includes the first

input terminal 21, the second input terminal 22, the third input terminal 23, a fourth

input terminal 24, a fifth input terminal 25, a first output terminal 26, and a second

output terminal 27 (see FIG. 17B). In the first pulse output circuit 10_1, the first clock

signal CK1 is input to the first input terminal 21; the second clock signal CK2 is input

to the second input terminal 22; the third clock signal CK3 is input to the third input

terminal 23; the start pulse is input to the fourth input terminal 24; the next stage signal

OUT (3) is input to the fifth input terminal 25; the first output signal OUT (1) (SR) is

output from the first output terminal 26; and the second output signal OUT (1) is output

from the second output terminal 27.

[0167]

Next, FIG 18A illustrates one example of a specific circuit structure of a pulse

output circuit.

[0168]



The pulse output circuits each include first to thirteenth transistors 31 to 43 (see

FIG 18A). Signals or power supply potentials are supplied to the first to thirteenth

transistors 31 to 43 from a power supply line 5 1 which supplies a first high power

supply potential VDD, a power supply line 52 which supplies a second high power

supply potential VCC, and a power supply line 53 which supplies a low power supply

potential VSS, in addition to the above-described first to fifth input terminals 21 to 25,

the first output terminal 26, and the second output terminal 27. Here, the relation of

the power supply potentials of the power supply lines in FIG. 18A is as follows: a first

power supply potential VDD is higher than a second power supply potential VCC, and

the second power supply potential VCC is higher than a third power supply potential

VSS. The first to fourth clock signals (CK1) to (CK4) alternate between H-level

signals and L-level signals at regular intervals. The potential is VDD when the clock

signal is at the H level, and the potential is VSS when the clock signal is at the L level.

By making the potential VDD of the power supply line 51 higher than the second power

supply potential VCC of the power supply line 52, a potential applied to a gate electrode

of a transistor can be lowered, shift in the threshold voltage of the transistor can be

reduced, and deterioration of the transistor can be suppressed without an adverse effect

on the operation of the transistor.

[0169]

In FIG. 18A, a first terminal of the first transistor 31 is electrically connected to

the power supply line 51, a second terminal of the first transistor 31 is electrically

connected to a first terminal of the ninth transistor 39, and a gate electrode of the first

transistor 31 is electrically connected to the fourth input terminal 24. A first terminal

of the second transistor 32 is electrically connected to the power supply line 53, a

second terminal of the second transistor 32 is electrically connected to the first terminal

of the ninth transistor 39, and a gate electrode of the second transistor 32 is electrically

connected to a gate electrode of the fourth transistor 34. A first terminal of the third

transistor 33 is electrically connected to the first input terminal 21, and a second

terminal of the third transistor 33 is electrically connected to the first output terminal 26.

A first terminal of the fourth transistor 34 is electrically connected to the power supply

line 53, and a second terminal of the fourth transistor 34 is electrically connected to the

first output terminal 26. A first terminal of the fifth transistor 35 is electrically



connected to the power supply line 53, a second terminal of the fifth transistor 35 is

electrically connected to the gate electrode of the second transistor 32 and the gate

electrode of the fourth transistor 34, and a gate electrode of the fifth transistor 35 is

electrically connected to the fourth input terminal 24. A first terminal of the sixth

transistor 36 is electrically connected to the power supply line 52, a second terminal of

the sixth transistor 36 is electrically connected to the gate electrode of the second

transistor 32 and the gate electrode of the fourth transistor 34, and a gate electrode of

the sixth transistor 36 is electrically connected to the fifth input terminal 25. A first

terminal of the seventh transistor 37 is electrically connected to the power supply line

52, a second terminal of the seventh transistor 37 is electrically connected to a second

terminal of the eighth transistor 38, and a gate electrode of the seventh transistor 37 is

electrically connected to the third input terminal 23. A first terminal of the eighth

transistor 38 is electrically connected to the gate electrode of the second transistor 32

and the gate electrode of the fourth transistor 34, and a gate electrode of the eighth

transistor 38 is electrically connected to the second input terminal 22. The first

terminal of the ninth transistor 39 is electrically connected to the second terminal of the

first transistor 31 and the second terminal of the second transistor 32, a second terminal

of the ninth transistor 39 is electrically connected to a gate electrode of the third

transistor 33 and a gate electrode of the tenth transistor 40, and a gate electrode of the

ninth transistor 39 is electrically connected to the power supply line 52. A first

terminal of the tenth transistor 40 is electrically connected to the first input terminal 21,

a second terminal of the tenth transistor 40 is electrically connected to the second output

terminal 27, and the gate electrode of the tenth transistor 40 is electrically connected to

the second terminal of the ninth transistor 39. A first terminal of the eleventh

transistor 41 is electrically connected to the power supply line 53, a second terminal of

the eleventh transistor 41 is electrically connected to the second output terminal 27, and

the gate electrode of the eleventh transistor 4 1 is electrically connected to the gate

electrode of the second transistor 32 and the gate electrode of the fourth transistor 34.

A first terminal of the twelfth transistor 42 is electrically connected to the power supply

line 53, a second terminal of the twelfth transistor 42 is electrically connected to the

second output terminal 27, and a gate electrode of the twelfth transistor 42 is electrically

connected to the gate electrode of the seventh transistor 37. A first terminal of the



thirteenth transistor 43 is electrically connected to the power supply line 53, a second

terminal of the thirteenth transistor 43 is electrically connected to the first output

terminal 26, and a gate electrode of the thirteenth transistor 43 is electrically connected

to the gate electrode of the seventh transistor 37.

[0170]

In FIG. 18A, a portion where the gate electrode of the third transistor 33, the

gate electrode of the tenth transistor 40, and the second terminal of the ninth transistor

39 are connected is referred to as a node A. A portion where the gate electrode of the

second transistor 32, the gate electrode of the fourth transistor 34, the second terminal

of the fifth transistor 35, the second terminal of the sixth transistor 36, the first terminal

of the eighth transistor 38, and the gate electrode of the eleventh transistor 41 are

connected is referred to as a node B (see FIG. 18A).

[0171]

A timing chart of a shift register in which a plurality of pulse output circuits

illustrated in FIG 18A are provided is illustrated in FIG 18B.

[0172]

Note that the placement of the ninth transistor 39 in which the second power

supply potential VCC is applied to the gate electrode as illustrated in FIG 18A has the

following advantages before and after bootstrap operation.

[0173]

In the case where a potential of the node A is raised by bootstrap operation

without the provision of the ninth transistor 39 in which the second power supply

potential VCC is applied to the gate electrode, a potential of the source electrode which

is the second terminal of the first transistor 31 rises to a value higher than the first

power supply potential VDD. Then, the first terminal of the first transistor 31, that is,

the terminal on the power supply line 51 side, comes to serve as a source electrode of

the first transistor 31. Consequently, in the first transistor 31, a high bias voltage is

applied and thus significant stress is applied between the gate electrode and the source

electrode and between the gate electrode and the drain electrode, which might cause

deterioration of the transistor. By providing of the ninth transistor 39 whose gate

electrode is supplied with the second power supply potential VCC, the potential of the

node A is raised by the bootstrap operation, but at the same time, an increase in the



potential of the second terminal of the first transistor 31 can be prevented. In other

words, by providing of the ninth transistor 39, a negative bias voltage applied between

the gate electrode and the source electrode of the first transistor 31 can be reduced.

Thus, the circuit configuration in this embodiment can reduce a negative bias voltage

applied between the gate electrode and the source electrode of the first transistor 31, so

that deterioration of the first transistor 31 due to stress can be suppressed.

[0174]

The place of the ninth transistor 39 is not limited as long as the second terminal

of the first transistor 31 and the gate electrode of the third transistor 33 are connected

through the first terminal and the second terminal of the ninth transistor 39. Note that

when the shift register including a plurality of pulse output circuits in this embodiment

is included in a signal line driver circuit having a larger number of stages than a scan

line driver circuit, the ninth transistor 39 may be omitted, which is advantageous in that

the number of transistors is reduced.

[0175]

Note that when oxide semiconductors are used for semiconductor layers for the

first to the thirteenth transistors 31 to 43, the off-current of the thin film transistors can

be reduced, the on-current and the field effect mobility can be increased, and the degree

of deterioration can be reduced, whereby malfunction in a circuit can decrease.

Further, the degree of deterioration of the transistor using oxide semiconductor caused

by applying high potential to the gate electrode is small as compared to the transistor

using amorphous silicon. Therefore, even when the first power supply potential VDD

is supplied to a power supply line to which the second power supply potential VCC is

supplied, a similar operation can be performed, and the number of power supply lines

which are provided in a circuit can be reduced, so that the circuit can be miniaturized.

[0176]

Note that a similar function is obtained even when the connection relation is

changed so that a clock signal that is supplied to the gate electrode of the seventh

transistor 37 from the third input terminal 23 and a clock signal that is supplied to the

gate electrode of the eighth transistor 38 from the second input terminal 22 are supplied

from the second input terminal 22 and the third input terminal 23, respectively. In this

case, in the shift register illustrated in FIG 18A, the state is changed from the state



where both the seventh transistor 37 and the eighth transistor 38 are turned on, to the

state where the seventh transistor 37 is turned off and the eighth transistor 38 is turned

on, and then to the state where both the seventh transistor 37 and the eighth transistor 38

are turned off; thus, the fall in a potential of the node B due to fall in the potentials of

the second input terminal 22 and the third input terminal 23 is caused twice by fall in

the potential of the gate electrode of the seventh transistor 37 and fall in the potential of

the gate electrode of the eighth transistor 38. On the contrary, in the shift register

shown in FIG 18A is driven so that the state where the seventh transistor 37 and the

eighth transistor 38 are both on is changed through the state where the seventh transistor

37 is on and the eighth transistor 38 is off to the state where the seventh transistor 37 is

off and the eighth transistor 38 is off, potential reduction at the node B, which is caused

by fall in the of the second input terminal 22 and the third input terminal 23, is caused

only once due to fall in the potential of the gate electrode of the eighth transistor 38.

Therefore, the connection relation, that is, the clock signal is supplied from the third

input terminal 23 to the gate electrode of the seventh transistor 37 and the clock signal

is supplied from the second input terminal 22 to the gate electrode of the eighth

transistor 38, is preferable. That is because the number of times of the change in the

potential of the node B can be reduced, whereby the noise can be reduced.

[0177]

In this manner, in a period during which the potentials of the first output

terminal 26 and the second output terminal 27 are held at the L level, the H level signal

is regularly supplied to the node B; therefore, malfunction of a pulse output circuit can

be suppressed.

[0178]

This embodiment can be implemented in combination with any of the above

embodiments.

[0179]

(Embodiment 7)

In this embodiment, manufacturing methods of semiconductor display devices

according to one embodiment of the present invention are described with reference to

FIGS. 19A to 19C, FIGS. 20A to 20C, FIGS. 21A and 21B, FIG 22, FIG. 23, and FIG

24.



[0180]

Note that the term "successive film formation" in this specification means that

during a series of a first film formation step by sputtering and a second film formation

step by sputtering, an atmosphere in which a substrate to be processed is disposed is not

contaminated by a contaminant atmosphere such as air, and is constantly controlled to

be vacuum or an inert gas atmosphere (a nitrogen atmosphere or a rare gas atmosphere).

By the successive film formation, film formation can be conducted to a substrate which

has been cleaned, without re-attachment of moisture or the like.

[0181]

Performing the process from the first film formation step to the second film

formation step in the same chamber is within the scope of the successive formation in

this specification.

[0182]

In addition, the following is also within the scope of the successive formation

in this specification: in the case of performing the process from the first film formation

step to the second film formation step in plural chambers, the substrate is transferred

after the first film formation step to another chamber without being exposed to air and

subjected to the second film formation.

[0183]

Note that between the first film formation step and the second film formation

step, a substrate transfer step, an alignment step, a slow-cooling step, a step of heating

or cooling the substrate to a temperature which is necessary for the second film

formation step, or the like may be provided. Such a process is also within the scope of

the successive formation in this specification.

[0184]

A step in which liquid is used, such as a cleaning step, wet etching, or

formation of a resist may be provided between the first deposition step and the second

deposition step. This case is not within the scope of the successive deposition in this

specification.

[0185]

In FIG 19A, a light-transmitting substrate 400 may be a glass substrate

manufactured by a fusion method or a float method, or a metal substrate formed of a



stainless alloy having an insulating film on the surface. A substrate formed from a

flexible synthetic resin, such as plastic, generally tends to have a low allowable

temperature limit, but can be used as the substrate 400 as long as the substrate can

withstand processing temperatures in the later manufacturing process. Examples of a

plastic substrate include polyester typified by polyethylene terephthalate (PET),

polyethersulfone (PES), polyethylene naphthalate (PEN), polycarbonate (PC),

polyetheretherketone (PEEK), polysulfone (PSF), polyetherimide (PEI), polyarylate

(PAR), polybutylene terephthalate (PBT), polyimide, acrylonitrile-butadiene-styrene

resin, polyvinyl chloride, polypropylene, polyvinyl acetate, acrylic resin, and the like.

[0186]

In the case where a glass substrate is used and the temperature at which the

heat treatment is to be performed later is high, a glass substrate whose strain point is

more than or equal to 730 °C is preferably used. As a glass substrate, a glass material

such as aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate glass is

used, for example. In general, a glass substrate containing more barium oxide (BaO)

than diboron trioxide (B20 3) is more practical as heat-resistant glass. Therefore, a

glass substrate containing a larger amount of BaO than B20 3 is preferably used.

[0187]

Note that as the above glass substrate, a substrate formed of an insulator such

as a ceramic substrate, a quartz substrate, or a sapphire substrate may be used.

Alternatively, crystallized glass or the like may be used.

[0188]

Next, a conductive film is formed entirely over a surface of the substrate 400,

and then a first photolithography step is performed in such a manner that a resist mask

is formed and unnecessary portions are removed by etching, so that wirings and an

electrode (a gate wiring including a gate electrode 401, a capacitor wiring 408, and a

first terminal 421) are formed. At this time, the etching is performed so that at least

end portions of the gate electrode 401 are tapered.

[0189]

A material for the conductive film can be a single layer or a stacked layer using

one or more of a metal material such as molybdenum, titanium, chromium, tantalum,

tungsten, neodymium, or scandium, or an alloy material which contains any of these



metal materials as a main component, or nitride of these metals. Note that aluminum

or copper can also be used as the above metal material as long as it can withstand a

temperature of heat treatment performed in a later step.

[0190]

For example,_ as a conductive film having a two-layer stack structure, the

following structures are preferable: a two-layer structure of an aluminum layer and a

molybdenum layer stacked thereover, a two-layer structure of a copper layer and a

molybdenum layer stacked thereover, a two-layer structure of a copper layer and a

titanium nitride layer or a tantalum nitride layer stacked thereover, and a two-layer

structure of a titanium nitride layer and a molybdenum layer. As a three-layer

structure, the following structure is preferable: a layered structure containing aluminum,

an alloy of aluminum and silicon, an alloy of aluminum and titanium, or an alloy of

aluminum and neodymium in a middle layer and any of tungsten, tungsten nitride,

titanium nitride, and titanium in a top layer and a bottom layer.

[0191]

A light-transmitting oxide conductive layer can be used for part of the electrode

layer and the wiring to increase the aperture ratio. For example, indium oxide, an alloy

of indium oxide and tin oxide, an alloy of indium oxide and zinc oxide, zinc oxide, zinc

aluminum oxide, zinc aluminum oxynitride, zinc gallium oxide, or the like can be used.

[0192]

The thicknesses of the gate electrode 401, the capacitor wiring 408, and the

first terminal 421 are each 10 n to 400 nm, preferably 100 nm to 200 nm. In this

embodiment, after a conductive film with a thickness of 100 nm for the gate electrode is

formed by a sputtering method using a tungsten target, the conductive film is processed

(patterned) by etching to have a desired shape, so that the gate electrode 401, the

capacitor wiring 408, and the first terminal 421 are formed.

[0193]

An insulating film serving as a base film may be provided between the

substrate 400 and the gate electrode 401, the capacitor wiring 408, and the first terminal

421. The base film has a function of preventing diffusion of an impurity element from

the substrate 400, and can be formed with a single layer or stacked layer using one or

more films selected from a silicon nitride film, a silicon oxide film, a silicon nitride



oxide film, and a silicon oxynitride film.

[0194]

Next, a gate insulating film 402 is formed entirely over surfaces of the gate

electrode 401, the capacitor wiring 408, the first terminal 421 as illustrated in FIG 19B.

The gate insulating film 402 can be formed to have a single layer of a silicon oxide film,

a silicon nitride film, a silicon oxynitride film, a silicon nitride oxide film, an aluminum

oxide film, or a tantalum oxide film or a stacked layer thereof by a plasma CVD method,

a sputtering method, or the like. For example, a silicon oxynitride film may be formed

using a deposition gas including silane (for example, monosilane), oxygen, and nitrogen

by a plasma CVD method.

[0195]

The film thickness of the gate insulating film 402 is desirably more than or

equal to 50 nm and less than or equal to 250 nm. In this embodiment, a silicon

oxynitride film with a thickness of 100 nm formed by a plasma CVD method is used as

the gate insulating film 402.

[0196]

Next, an oxide semiconductor film 403 is formed over the gate insulating film

402. The oxide semiconductor film 403 is formed by a sputtering method with use of

an oxide semiconductor as a target. Moreover, the oxide semiconductor film 403 can

be formed by a sputtering method under a rare gas (for example, argon) atmosphere, an

oxygen atmosphere, or an atmosphere including a rare gas (for example, argon) and

oxygen.

[0197]

It is preferable that before the oxide semiconductor film 403 is formed by a

sputtering method, dust on a surface of the gate insulating film 402 be removed by

reverse sputtering by introducing an argon gas and generating plasma. The reverse

sputtering refers to a method in which, without application of a voltage to a target side,

an RF power source is used for application of a voltage to a substrate side in an argon

atmosphere to generate plasma in the vicinity of the substrate to modify a surface.

Note that instead of an argon atmosphere, a nitrogen atmosphere, a helium atmosphere,

or the like may be used. Alternatively, an argon atmosphere to which oxygen, nitrous

oxide, or the like is added may be used. Alternatively, an argon atmosphere to which



chlorine, carbon tetrafluoride, or the like is added may be used.

[0198]

The oxide semiconductor film 403 for formation of a channel formation region

may be formed using the above-described oxide material having semiconductor

characteristics.

[0199]

The thickness of the oxide semiconductor film 403 is 5 nm to 300 nm,

preferably 10 nm to 100 nm. In this embodiment, film deposition is performed using

an oxide semiconductor target containing In, Ga, and Zn (In20 3:Ga20 3:ZnO = 1:1:1 or

In20 3:Ga20 3:ZnO = 1:1:2 [mol ratio]) under the following condition: the distance

between a substrate and a target is 100 mm, the pressure is 0.6 Pa, the direct-current

(DC) power supply is 0.5 kW, and the atmosphere is oxygen (the flow rate of oxygen is

100 %). Note that a pulse direct current (DC) power supply is preferable because dust

due to film deposition can be reduced and the film thickness can be uniform. In this

embodiment, a 50 nm-thick In-Ga-Zn-O-based non-single-crystal film is formed as the

oxide semiconductor film.

[0200]

After the sputtering, the oxide semiconductor film is formed without exposure

to the air, whereby adhesion of dust and moisture to an interface between the gate

insulating film 402 and the oxide semiconductor film 403 can be prevented. Further, a

pulsed direct current (DC) power supply is preferable because dust can be reduced and a

thickness distribution is uniform.

[0201]

It is preferable that the relative density of the oxide semiconductor target is

greater than or equal to 80 %, more preferably greater than or equal to 95 %, further

preferably, greater than or equal to 99.9 . The impurity concentration in the oxide

semiconductor film which is formed using the target having high relative density can be

reduced, and thus a thin film transistor having high electric characteristics or high

reliability can be obtained.

[0202]

In addition, there is also a multi-source sputtering apparatus in which a



plurality of targets of different materials can be set. With the multi-source sputtering

apparatus, films of different materials can be formed to be stacked in the same chamber,

or a film of plural kinds of materials can be formed by electric discharge at the same

time in the same chamber.

[0203]

In addition, there are a sputtering apparatus provided with a magnet system

inside the chamber and used for a magnetron sputtering, and a sputtering apparatus used

for an ECR sputtering in which plasma generated with the use of microwaves is used

without using glow discharge.

[0204]

Furthermore, as a deposition method by sputtering, there are also a reactive

sputtering method in which a target substance and a sputtering gas component are

chemically reacted with each other during deposition to form a thin compound film

thereof, and a bias sputtering in which a voltage is also applied to a substrate during

deposition.

[0205]

In addition, the substrate may be heated at a temperature of more than or equal

to 400 °C and less than or equal to 700 °C by light or a heater during the film formation

with a sputtering method. The damage due to sputtering is repaired at the same time as

the film formation by heating during the film formation.

[0206]

Preheat treatment is preferably performed so as to remove moisture or

hydrogen remaining on an inner wall of the sputtering apparatus, on a surface of the

target, or in a target material, before the oxide semiconductor film is formed. As the

preheat treatment, a method in which the inside of the film formation chamber is heated

to 200 °C to 600 °C under reduced pressure, a method in which introduction and

evacuation of nitrogen or an inert gas are repeated while the inside of the film formation

chamber is heated, and the like can be given. After the preheat treatment, the substrate

or the sputtering apparatus is cooled, and then the oxide semiconductor film is formed

without exposure to air. In this case, not water but oil or the like is preferably used as

a coolant for the target. Although a certain level of effect can be obtained when



introduction and evacuation of nitrogen are repeated without heating, it is more

preferable to perform the treatment with the inside of the film formation chamber

heated.

[0207]

It is preferable to remove moisture or the like remaining in the sputtering

apparatus with the use of a cryopump before, during, or after the oxide semiconductor

film is formed.

[0208]

Next, as illustrated in FIG 19C, a second photolithography step is performed in

such a manner that a resist mask is formed and the oxide semiconductor film 403 is

etched. For example, unnecessary portions are removed by wet etching using a mixed

solution of phosphoric acid, acetic acid, and nitric acid, so that an island-shaped oxide

semiconductor film 404 can be formed so as to overlap with the gate electrode 401. In

etching of the oxide semiconductor film 403, organic acid such as citric acid or oxalic

acid can be used for etchant. In this embodiment, the unnecessary portions are

removed by wet etching using ITO07N (product of Kanto Chemical Co., Inc.), so that

the island-shaped oxide semiconductor film 404 is formed. Note that etching here is

not limited to wet etching and dry etching may be used.

[0209]

As the etching gas for dry etching, a gas containing chlorine (chlorine-based

gas such as chlorine (Cl2), boron chloride (BC13), silicon chloride (SiCU), or carbon

tetrachloride (CC14)) is preferably used.

[0210]

Alternatively, a gas containing fluorine (fluorine-based gas such as carbon

tetrafluoride (CF4), sulfur fluoride (SF6), nitrogen fluoride (NF3), or trifluoromethane

(CHF3)); hydrogen bromide (HBr); oxygen (0 ); any of these gases to which a rare gas

such as helium (He) or argon (Ar) is added; or the like can be used.

[0211]

As the dry etching method, a parallel plate RIE (reactive ion etching) method

or an ICP (inductively coupled plasma) etching method can be used. In order to etch

the films into desired shapes, the etching condition (the amount of electric power

applied to a coil-shaped electrode, the amount of electric power applied to an electrode



on a substrate side, the temperature of the electrode on the substrate side, or the like) is

adjusted as appropriate.

[0212]

The etchant after the wet etching is removed together with the etched materials

by cleaning. The waste liquid including the etchant and the material etched off may be

purified and the material may be reused. When a material such as indium contained in

the oxide semiconductor film is collected from the waste liquid after the etching and

reused, the resources can be efficiently used and the cost can be reduced.

[0213]

In order to obtain a desired shape by etching, the etching conditions (such as an

etchant, etching time, and temperature) are adjusted as appropriate depending on the

material.

[0214]

Next, as illustrated in FIG 20A, heat treatment may be performed on the oxide

semiconductor film 404 under a reduced-pressure atmosphere, an atmosphere of an inert

gas such as nitrogen and a rare gas, an oxygen gas atmosphere, or an ultra-dry air

atmosphere (the moisture amount is 20 ppm (-55 °C by conversion into a dew point) or

less, preferably 1 ppm or less, more preferably 10 ppb or less when measured by a dew

point meter in a CRDS (cavity ring down laser spectroscopy) method). With the heat

treatment on the oxide semiconductor film 404, the oxide semiconductor film 405 is

formed. Specifically, under an inert gas atmosphere (e.g., nitrogen, helium, neon, or

argon), rapid thermal annealing (RTA) treatment can be performed at a temperature of

more than or equal to 500 °C and less than or equal to 750 °C (or a temperature lower

than or equal to the strain point of the glass substrate) for approximately more than or

equal to 1 minute and less than or equal to 10 minutes, preferably, at 650 °C for

approximately more than or equal to 3 minutes and less than or equal to 6 minutes.

With an RTAmethod, dehydration or dehydrogenation can be performed in a short time;

therefore, treatment can be performed even at a temperature higher than the strain point

of the glass substrate. Note that the timing of the above-described heat treatment is not

limited to this timing after formation of the oxide semiconductor film 404, and the oxide

semiconductor film 403 before formation of the oxide semiconductor film 404 may be



subjected to the heat treatment. The heat treatment may also be performed plural times

after formation of the oxide semiconductor film 404.

[0215]

Further, a heating method using an electric furnace, a rapid heating method

such as a gas rapid thermal annealing (GRTA) method using a heated gas or a lamp

rapid thermal annealing (LRTA) method using lamp light, or the like can be used for the

heat treatment. For example, in the case of performing heat treatment using an electric

furnace, the temperature rise characteristics is preferably set at higher than or equal to

0.1 °C/min and lower than or equal to 20 °C/min and the temperature drop

characteristics is preferably set at higher than or equal to 0.1 °C/min and lower than or

equal to 15 °C/min.

[0216]

Note that in heat treatment, it is preferable that moisture, hydrogen, and the like

be not contained in nitrogen or a rare gas such as helium, neon, or argon. It is

preferable that the purity of nitrogen or the rare gas such as helium, neon, or argon

which is introduced into a heat treatment apparatus be set to be 6N (99.9999 %) or

higher, preferably 7N (99.99999 %) or higher (that is, the impurity concentration is 1

ppm or lower, preferably 0.1 ppm or lower).

[0217]

After the heat treatment under an inert gas atmosphere, the island-shaped oxide

semiconductor film 405 may be crystallized partly or entirely.

[0218]

Cross-sectional views taken along dashed lines C1-C2 and D1-D2 in FIG 20A

correspond to cross-sectional views taken along dashed lines C1-C2 and D1-D2 in a

plan view illustrated in FIG. 22, respectively.

[0219]

Next, as illustrated in FIG 20B, a conductive film 406 is formed using a metal

material over the oxide semiconductor film 405 by a sputtering method or a vacuum

evaporation method. As a material of a conductive film 406, for example, an element

selected from titanium, tungsten, and molybdenum, an alloy containing one or more of

the above elements, or the like can be used. In a semiconductor device of one



embodiment of the present invention, in the source electrode 407a and the drain

electrode 407b, at least a portion which is the closest to the island-shaped oxide

semiconductor film 405 may be formed using an element selected from titanium,

tungsten, and molybdenum, an alloy containing one or more of the above elements, or

the like. Therefore, in the case where the source electrode 407a and the drain electrode

407b each having a structure in which a plurality of metal films are stacked, a metal

film that is in contact with the oxide semiconductor film 405 may be formed using

titanium, tungsten, or molybdenum, and the other metal films can be formed using any

of the following examples: an element selected from aluminum, chromium, tantalum,

titanium, manganese, magnesium, molybdenum, tungsten, zirconium, beryllium, and

yttrium; an alloy containing one or more of the above elements as a component; a

nitride containing the above element as a component; or the like. For example, by

using a conductive film 406 having a stacked structure of a titanium film, an aluminum

alloy film containing neodymium, and a titanium film, and by using the titanium film in

the portion which is the closest to the island-shaped oxide semiconductor film 405, the

source electrode 407a and the drain electrode 407b can have a low resistance and high

heat resistance in the aluminum alloy film containing neodymium.

[0220]

Note that in the case where heat treatment is performed after the formation of

the conductive film 406 for the source electrode and the drain electrode, the conductive

film 406 preferably has heat resistance enough to withstand the heat treatment. In the

case of performing heat treatment after the formation of the conductive film 406, the

conductive film 406 is formed in combination with the heat-resistant conductive

material because aluminum alone has problems of low heat resistance, being easily

corroded, and the like. As the heat-resistant conductive material which is combined

with aluminum, the following material is preferably used: an element selected from

titanium, tantalum, tungsten, molybdenum, chromium, neodymium, and scandium; an

alloy containing one or more of these elements as a component; a nitride containing any

of these elements as a component; or the like.

[0221]

The thickness of the conductive film 406 for the source electrode and the drain

electrode is 10 n to 400 nm, preferably 100 nm to 200 nm. In this embodiment, the



conductive film 406 for a source electrode and a drain electrode is formed by a

sputtering method using a titanium target.

[0222]

By forming the conductive film 406 having the above structure, oxygen in the

region of the oxide semiconductor film 405 which is the closest to the conductive film

406 is taken out, so that the composite layers 430 where the concentration of a metal

contained in the oxide semiconductor film 405 is higher than that in other regions

(metal-rich layers) are formed in the oxide semiconductor film 405. The oxygen that

is taken out reacts with the metal in the conductive film 406, so that the metal oxide

films 431 are formed between the conductive film 406 and the metal-rich composite

layers 430.

[0223]

Next, as illustrated in FIG 20C, a third photolithography step is performed in

such a manner that a resist mask is formed and unnecessary portions of the conductive

film 406 are removed by wet etching or dry etching, so that a source electrode 407a, a

drain electrode 407b, and a second terminal 420 are formed. For example, in the case

where the conductive film 406 is formed using titanium, wet etching can be performed

by using a hydrogen peroxide solution or heated hydrochloric acid as etchant. Note

that since oxygen is further taken out from the oxide semiconductor film 412 by the heat

treatment, it is possible to increase the thickness of the composite layers 430 and the

metal oxide films 431.

[0224]

In the above-described etching step, since the composite layer 430 is etched in

an exposed region of the oxide semiconductor film 405, an island-shaped oxide

semiconductor film 409 having a thin region between the source electrode 407a and the

drain electrode 407b can be formed in some cases.

[0225]

In addition, in the above-described etching, the metal oxide film 431 is etched

together with the conductive film 406. Thus, there are the etched metal oxide film 431

between the composite layer 430 of the oxide semiconductor film 409 and the source

electrode 407a, and the etched metal oxide film 431 between the composite layer 430 of

the oxide semiconductor film 409 and the drain electrode 407b. The composite layer



430 on the source electrode 407a side and the composite layer 430 on the drain

electrode 407b side are separated from each other. In addition, the metal oxide film

431 on the source electrode 407a side and the metal oxide film 431 on the drain

electrode 407b side are separated from each other.

[0226]

For example, in the case where an In-Ga-Zn-O-based oxide semiconductor is

used for the oxide semiconductor film 405, the composite layers 430 where the

concentration of indium is higher than that in other regions (In-rich layers) exist in

regions of the oxide semiconductor film 405 which are the closest to the source

electrode 407a and the drain electrode 407b, so that resistance of the In-rich composite

layers 430 in the oxide semiconductor film 405 becomes lower. In the case where

titanium is used for the source electrode 407a and the drain electrode 407b, the metal

oxide films 431 formed between the source electrode 407a and the oxide semiconductor

film 405, and between the drain electrode 407b and the oxide semiconductor film 405

contain titanium oxide (TiQx) and have n-type conductivity. Therefore, with the above

structure, contact resistance between the source electrode 407a and the oxide

semiconductor film 405, and between the drain electrode 407b and the oxide

semiconductor film 405 is reduced, and the amount of on-current and field effect

mobility of a TFT can be increased.

[0227]

In the third photolithography step, the second terminal 420 which is formed

using the same material as the source electrode 407a and the drain electrode 407b is left

in the terminal portion. Note that the second terminal 420 is electrically connected to a

source wiring (a source wiring including the source electrode 407a and the drain

electrode 407b).

[0228]

Further, by using a resist mask which is formed using a multi-tone mask and

has regions with plural thicknesses (for example, two different thicknesses), the number

of resist masks can be reduced, resulting in simplified process and lower costs.

[0229]

Cross-sectional views taken along dashed lines C1-C2 and D1-D2 in FIG 20C



correspond to cross-sectional views taken along dashed lines C1-C2 and D1-D2 in a

plan view illustrated in FIG. 23, respectively.

[0230]

Next, as illustrated in FIG. 21A, an oxide insulating film 411 which covers the

gate insulating film 402, the oxide semiconductor film 409, the source electrode 407a,

and the drain electrode 407b is formed. In this embodiment, a silicon oxide film with

a thickness of 300 nm is formed as the oxide insulating film 411. The substrate

temperature in film formation may be higher than or equal to room temperature and

lower than or equal to 300 °C and is 100 °C in this embodiment. Formation of the

silicon oxide film with a sputtering method can be performed under a rare gas (for

example, argon) atmosphere, an oxygen atmosphere, or an atmosphere including a rare

gas (for example, argon) and oxygen. Further, a silicon oxide target or a silicon target

may be used as a target. For example, with use of a silicon target, a silicon oxide film

can be formed by a sputtering method under an atmosphere of oxygen and nitrogen.

[0231]

By providing the oxide insulating film 411 in contact with the exposed region

of the oxide semiconductor film 409 provided between the source electrode 407a and

the drain electrode 407b, the resistance of the region of the oxide semiconductor film

409 which is in contact with the oxide insulating film 411 becomes higher (the carrier

concentration is decreased, preferably to a value lower than 1 x 10 /cm ), resulting in

formation of an oxide semiconductor film 412 having a high-resistance channel

formation region.

[0232]

In this embodiment, the oxide insulating film 411 with a thickness of 300 nm

is formed by a pulsed DC sputtering method using a columnar polycrystalline,

boron-doped silicon target which has a purity of 6N (the resistivity is 0.01 Qcm), in

which the distance between the substrate and the target (T-S distance) is 89 mm, the

pressure is 0.4 Pa, the direct-current (DC) power source is 6 kW, and the atmosphere is

oxygen (the oxygen flow rate is 100 %).

[0233]

Next, after the oxide insulating film 411 is formed, second heat treatment may



be performed. The second heat treatment is performed under a reduced-pressure

atmosphere, an atmosphere of an inert gas such as nitrogen and a rare gas, an oxygen

gas atmosphere, or an ultra-dry air atmosphere (the moisture amount is 20 ppm (-55 °C

by conversion into a dew point) or less, preferably 1 ppm or less, more preferably 10

ppb or less when measured by a dew point meter in a CRDS (cavity ring down laser

spectroscopy) method, at a temperature of more than or equal to 200 °C and less than or

equal to 400 °C, for example, more than or equal to 250 °C and less than or equal to 350

°C). For example, the second heat treatment is performed in a nitrogen atmosphere at

250 °C for one hour. Alternatively, RTA treatment may be performed at high

temperature for a short time as in the previous heat treatment. By the heat treatment,

the oxide semiconductor film 412 is heated while being in contact with the oxide

insulating film 411. In addition, the resistance of the oxide semiconductor film 412 is

increased. Accordingly, electric characteristics of the transistor can be improved and

variation in the electric characteristics thereof can be reduced. There is no particular

limitation on when to perform this heat treatment as long as it is performed after the

formation of the oxide insulating film 411. When this heat treatment also serves as

heat treatment in another step, for example, heat treatment in formation of a resin film

or heat treatment for reducing resistance of a transparent conductive film, the number of

steps can be prevented from increasing.

[0234]

Through the above steps, a thin film transistor 413 can be manufactured.

[0235]

Next, a fourth photolithography step is performed in such a manner that a resist

mask is formed and the oxide insulating film 411 and the gate insulating film 402 are

etched, so that a contact hole is formed to expose parts of the drain electrode 407b, the

first terminal 421, and the second terminal 420. Next, the resist mask is removed, and

then a transparent conductive film is formed. The transparent conductive film is

formed of indium oxide (ln20 3), indium oxide-tin oxide alloy (In20 3-Sn0 2, abbreviated

to ITO), or the like by a sputtering method, a vacuum evaporation method, or the like.

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 0 3-ZnO) may be used to improve etching processability. Moreover, in the case

where heat treatment for reducing resistance of the transparent conductive film, the heat

treatment can serve as heat treatment for increasing resistance of the oxide

semiconductor film 412, which results in improvement of electric characteristics of the

transistor and reduction in variation in the electric characteristics thereof.

[0236]

Next, a fifth photolithography step is performed in such a manner that a resist

mask is formed and unnecessary portions are removed by etching, so that a pixel

electrode 414 which is connected to the drain electrode 407b, a transparent conductive

film 415 which is connected to the first terminal 421, and a transparent conductive film

416 which is connected to the second terminal 420 are formed.

[0237]

The transparent conductive films 415 and 416 serve as electrodes or wirings

connected to an FPC. The transparent conductive film 415 formed over the first

terminal 421 is a connection terminal electrode which functions as an input terminal of

the gate wiring. The transparent conductive film 416 formed over the second terminal

420 is a connection terminal electrode which functions as an input terminal of the

source wiring.

[0238]

In the fifth photolithography step, a storage capacitor is formed with the

capacitor wiring 408 and the pixel electrode 414, in which the gate insulating film 402

and the oxide insulating film 411 are used as dielectrics.

[0239]

A cross-sectional view after the resist mask is removed is illustrated in FIG

21B. Cross-sectional views taken along dashed lines C1-C2 and D1-D2 in FIG 21B

correspond to cross-sectional views taken along dashed lines C1-C2 and D1-D2 in a

plan view illustrated in FIG. 24, respectively.

[0240]

Through these six photolithography steps, the storage capacitor and the thin

film transistor 413 which is a bottom-gate staggered thin film transistor can be

completed using the six photomasks. By disposing the thin film transistor and the



storage capacitor in each pixel of a pixel portion in which pixels are arranged in a

matrix form, one of substrates for manufacturing an active matrix display device can be

obtained. In this specification, such a substrate is referred to as an active matrix

substrate for convenience.

[0241]

In the case of manufacturing an active matrix liquid crystal display device, an

active matrix substrate and a counter substrate provided with a counter electrode are

bonded to each other with a liquid crystal layer interposed therebetween.

[0242]

Alternatively, a storage capacitor may be formed with a pixel electrode which

overlaps with a gate wiring of an adjacent pixel, with an oxide insulating film and a gate

insulating film interposed therebetween, without provision of the capacitor wiring.

[0243]

In an active matrix liquid crystal display device, pixel electrodes arranged in a

matrix form are driven to form a display pattern on a screen. Specifically, a voltage is

applied between a selected pixel electrode and a counter electrode corresponding to the

pixel electrode, so that a liquid crystal layer provided between the pixel electrode and

the counter electrode is optically modulated and this optical modulation is recognized as

a display pattern by an observer.

[0244]

In manufacturing a light-emitting display device, a partition wall including an

organic resin film is provided between organic light-emitting elements in some cases.

In that case, heat treatment performed on the organic resin film can also serve as the

heat treatment which increases the resistance of the oxide semiconductor film 412 so

that improvement and less variation in electric characteristics of the transistor are

achieved.

[0245]

The use of an oxide semiconductor for a thin film transistor leads to reduction

in manufacturing cost. In particular, by the heat treatment, impurities such as moisture,

hydrogen, or OH are reduced and the purity of the oxide semiconductor film is

increased. As a result, a semiconductor display device including a highly reliable thin

film transistor having favorable electric characteristics can be manufactured.



[0246]

Since the semiconductor film in the channel formation region is a region whose

resistance is increased, electric characteristics of the thin film transistor are stabilized,

and increase in off-current or the like can be prevented. Accordingly, a semiconductor

display device including the highly reliable thin film transistor having favorable electric

characteristics can be provided.

[0247]

This embodiment can be implemented in combination with any of the above

embodiments.

[0248]

(Embodiment 8)

In the liquid crystal display device according to one embodiment of the present

invention, a highly reliable thin film transistor with high mobility and on-current is

used; therefore, the liquid crystal display device according to one embodiment of the

present invention has high contrast and high visibility. In this embodiment, a structure

of the liquid crystal display device according to an embodiment of the present invention

is described.

[0249]

FIG 25 illustrates as an example a cross-sectional view of a pixel in a liquid

crystal display device of one embodiment of the present invention. The thin film

transistor 1401 illustrated in FIG 25 includes a gate electrode 1402 formed over an

insulating surface, a gate insulating film 1403 over the gate electrode 1402, an oxide

semiconductor film 1404 which overlaps with the gate electrode 1402 over the gate

insulating film 1403 and which includes composite layers 1420 where the concentration

of one or a plurality of metals contained in the oxide semiconductor is higher than that

in other regions, a pair of metal oxide films 1421 formed over the oxide semiconductor

film 1404 and in contact with the composite layers 1420, and a pair of conductive films

1406 which function as a source electrode and a drain electrode and which are in

contact with the metal oxide films 1421. Further, the thin film transistor 1401 may

include as its component an oxide insulating film 1407 formed over the oxide

semiconductor film 1404. The oxide insulating film 1407 is formed so as to cover the

gate electrode 1402, the gate insulating film 1403, the oxide semiconductor film 1404,



and the pair of conductive films 1406. The metal oxide films 1421 are formed by

oxidation of a metal contained in the pair of conductive films 1406.

[0250]

An insulating film 1408 is formed over the oxide insulating film 1407. An

opening is provided in part of the oxide insulating film 1407 and the insulating film

1408, and a pixel electrode 1410 is formed so as to be in contact with one of the

conductive films 1406 in the opening.

[0251]

Further, a spacer 1417 for controlling a cell gap of a liquid crystal element is

formed over the insulating film 1408. An insulating film is etched to have a desired

shape, so that the spacer 1417 can be formed. A cell gap may also be controlled by

dispersing a filler over the insulating film 1408.

[0252]

An alignment film 1411 is formed over the pixel electrode 1410. The

alignment film 1411 can be formed by subjecting an insulating film to rubbing treatment.

Further, a counter electrode 1413 is provided in a position opposed to the pixel electrode

1410, and an alignment film 1414 is formed on the side of the counter electrode 1413

which is close to the pixel electrode 1410. Furthermore, a liquid crystal 1415 is

provided in a region which is surrounded by a sealant 1416 between the pixel electrode

1410 and the counter electrode 1413. Note that a filler may be mixed in the sealant

1416.

[0253]

The pixel electrode 1410 and the counter electrode 1413 can be formed using a

transparent conductive material such as indium tin oxide containing silicon oxide

(ITSO), indium tin oxide (ITO), zinc oxide (ZnO), indium zinc oxide (IZO), or

gallium-doped zinc oxide (GZO), for example. Note that this embodiment shows an

example of manufacturing a transmissive type liquid crystal element by using a

light-transmitting conductive film for the pixel electrode 1410 and the counter electrode

1413. The liquid crystal display device according to an embodiment of the present

invention may be a semi-transmissive type liquid crystal display device or a reflective

type liquid crystal display device.

[0254]



The liquid crystal display device illustrated in FIG 25 may be provided with a

color filter, a shielding film for preventing disclination (a black matrix), or the like.

[0255]

Although a liquid crystal display device of a TN (twisted nematic) mode is

described in this embodiment, the thin film transistor of one embodiment of the present

invention can be used for other liquid crystal display devices of a VA (vertical

alignment) mode, an OCB (optically compensated birefringence) mode, an IPS

(in-plane-switching) mode, and the like.

[0256]

Alternatively, liquid crystal exhibiting a blue phase for which an alignment film

is unnecessary may be used. A blue phase is one of liquid crystal phases, which is

generated right before a cholesteric phase changes into an isotropic phase while

temperature of cholesteric liquid crystal is increased. Since the blue phase is generated

within an only narrow range of temperature, liquid crystal composition in which a chiral

agent at 5 wt% or more is mixed is used for the liquid crystal 1415 in order to improve

the temperature range. The liquid crystal composition which includes liquid crystal

exhibiting a blue phase and a chiral agent have such characteristics that the response

time is more than or equal to 10 pisec. and less than or equal to 100 µ α , which is short,

the alignment process is unnecessary because the liquid crystal composition has optical

isotropy, and viewing angle dependency is small.

[0257]

FIG 27 illustrates an example of a perspective view showing a structure of a

liquid crystal display device of the present invention. The liquid crystal display device

shown in FIG 27 is provided with a liquid crystal panel 1601 in which a liquid crystal

element is formed between a pair of substrates; a first diffusing plate 1602; a prism

sheet 1603; a second diffusing plate 1604; a light guide plate 1605; a reflection plate

1606; a light source 1607; and a circuit substrate 1608.

[0258]

The liquid crystal panel 1601, the first diffusing plate 1602, the prism sheet

1603, the second diffusing plate 1604, the light guide plate 1605, and the reflection

plate 1606 are stacked in this order. The light source 1607 is provided at an end



portion of the light guide plate 1605. The liquid crystal panel 1601 is uniformly

irradiated with light from the light source 1607 which is diffused inside the light guide

plate 1605, due to the first diffusing plate 1602, the prism sheet 1603, and the second

diffusing plate 1604.

[0259]

Although the first diffusing plate 1602 and the second diffusing plate 1604 are

used in this embodiment, the number of diffusing plates is not limited thereto. The

number of diffusing plates may be one, or may be three or more. It is acceptable as

long as the diffusing plate is provided between the light guide plate 1605 and the liquid

crystal panel 1601. Therefore, a diffusing plate may be provided only on the side

closer to the liquid crystal panel 1601 than the prism sheet 1603, or may be provided

only on the side closer to the light guide plate 1605 than the prism sheet 1603.

[0260]

Further, the cross section of the prism sheet 1603 is not limited to a

sawtooth-shape illustrated in FIG. 27. The prism sheet 1603 may have a shape with

which light from the light guide plate 1605 can be concentrated on the liquid crystal

panel 1601 side.

[0261]

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

kinds of signals input to the liquid crystal panel 1601, a circuit which processes the

signals, or the like. In FIG 27, the circuit substrate 1608 and the liquid crystal panel

1601 are connected to each other through an FPC (flexible printed circuit) 1609. Note

that the above-described circuits may be connected to the liquid crystal panel 1601 by a

COG (chip on glass) method, or part of the circuits may be connected to the liquid

crystal panel 1601 by a COF (chip on film) method.

[0262]

FIG 27 illustrates an example in which the circuit substrate 1608 is provided

with a controlling circuit which controls driving of the light source 1607 and the

controlling circuit and the light source 1607 are connected to each other via the FPC

1610. Note that the above-described controlling circuits may be formed over the

liquid crystal panel 1601. In that case, the liquid crystal panel 1601 and the light

source 1607 are connected to each other through an FPC or the like.



[0263]

Note that although FIG 27 illustrates an edge-light type light source where the

light source 1607 is provided on the edge of the liquid crystal panel 1601, a direct type

light source where the light sources 1607 are provided directly below the liquid crystal

panel 1601 may be used.

[0264]

This embodiment can be implemented in combination with any of the above

embodiments as appropriate.

[0265]

(Embodiment 9)

In this embodiment, a structure of a light-emitting device including the thin

film transistor according to one embodiment of the present invention for a pixel is

described. In this embodiment, a cross-sectional structure of a pixel in the case where

a transistor for driving a light-emitting element is n-channel type is described with

reference to FIGS. 26A to 26C. Note that, although FIGS. 26A to 26C shows the case

where a first electrode is a cathode and a second electrode is an anode, the first

electrode may be an anode and the second electrode may be a cathode as well.

[0266]

A cross-sectional view of a pixel in the case where a transistor 6031 is

n-channel type, and light emitted from a light-emitting element 6033 is extracted from a

first electrode 6034 side is illustrated in FIG 26A. The transistor 6031 is covered with

an insulating film 6037, and over the insulating film 6037, a bank 6038 having an

opening is formed. In the opening of the bank 6038, the first electrode 6034 is

partially exposed, and the first electrode 6034, an electroluminescent layer 6035, and a

second electrode 6036 are sequentially stacked in the opening.

[0267]

The first electrode 6034 is formed of a material or to a thickness to transmit

light, and can be formed of a material having a low work function of a metal, an alloy,

an electrically conductive compound, a mixture thereof, or the like. Specifically, an

alkaline metal such as Li or Cs, an alkaline earth metal such as Mg, Ca, or Sr, an alloy

containing such metals (e.g., Mg:Ag, Al:Li, or Mg:In), a compound of such materials

(e.g., calcium fluoride or calcium nitride), or a rare-earth metal such as Yb or Er can be



used. Further, in the case where an electron injection layer is provided, another

conductive layer such as an aluminum layer may be used as well. Then, the first

electrode 6034 is formed to a thickness to transmit light (preferably, about 5 nm to 30

nm). Furthermore, the sheet resistance of the first electrode 6034 may be suppressed

by formation of a light-transmitting conductive layer of a light-transmitting oxide

conductive material so as to be in contact with and over or under the above-described

conductive layer with a thickness to transmit light. Alternatively, the first electrode

6034 may be formed of only a conductive layer of another light-transmitting oxide

conductive material such as indium tin oxide (ITO), zinc oxide (ZnO), indium zinc

oxide (IZO), or gallium-doped zinc oxide (GZO). Furthermore, a mixture in which

zinc oxide (ZnO) is mixed at 2 % to 20 % in indium tin oxide including Π and silicon

oxide (hereinafter referred to as ITSO) or in indium oxide including silicon oxide may

be used as well. In the case of using the light-transmitting oxide conductive material,

it is preferable to provide an electron injection layer in the electroluminescent layer

6035.

[0268]

The second electrode 6036 is formed of a material and to a thickness to reflect

or shield light, and can be formed of a material suitable for being used as an anode.

For example, a single-layer film including one or more of titanium nitride, zirconium

nitride, titanium, tungsten, nickel, platinum, chromium, silver, aluminum, and the like, a

stacked layer of a titanium nitride film and a film including aluminum as a main

component, a three-layer structure of a titanium nitride film, a film including aluminum

as a main component, and a titanium nitride film, or the like can be used for the second

electrode 6036.

[0269]

The electroluminescent layer 6035 is formed using a single layer or a plurality

of layers. When the electroluminescent layer 6035 is formed with a plurality of layers,

these layers can be classified into a hole injection layer, a hole transport layer, a

light-emitting layer, an electron transport layer, an electron injection layer, and the like

in view of the carrier transporting property. In the case where the electroluminescent

layer 6035 includes at least one of the hole injection layer, the hole transport layer, the

electron transport layer, and the electron injection layer in addition to the light-emitting



layer, the electron injection layer, the electron transport layer, the light-emitting layer,

the hole transport layer, and the hole injection layer are sequentially stacked over the

first electrode 6034 in this order. Note that the boundary between each layer is not

necessarily clear, and there may be a case where the boundary is unclear since a

material for forming each layer is mixed with each other. Each layer can be formed

with an organic material or an inorganic material. As the organic material, any of a

high molecular compound, a medium molecular compound, and a low molecular

compound can be used. Note that the medium molecular weight material corresponds

to a low polymer in which the number of repetitions of a structural unit (the degree of

polymerization) is about 2 to 20. A distinction between a hole injection layer and a

hole transport layer is not always distinct, which is the same as in the sense that a hole

transporting property (hole mobility) is an especially important characteristic. A layer

being in contact with the anode is referred to as a hole injection layer and a layer being

in contact with the hole injection layer is referred to as a hole transport layer for

convenience. The same is also true for the electron transport layer and the electron

injection layer; a layer being in contact with the cathode is referred to as an electron

injection layer and a layer being in contact with the electron injection layer is referred to

as an electron transport layer. In some cases, the light-emitting layer also functions as

the electron transport layer, and it is therefore referred to as a light-emitting electron

transport layer, too.

[0270]

In the case of the pixel shown in FIG 26A, light emitted from the light-emitting

element 6033 can be extracted from the first electrode 6034 side as shown by a hollow

arrow.

[0271]

Next, a cross-sectional view of a pixel in the case where a transistor 6041 is

n-channel type, and light emitted from a light-emitting element 6043 is extracted from a

second electrode 6046 side is illustrated in FIG 26B. The transistor 6041 is covered

with an insulating film 6047, and over the insulating film 6047, a bank 6048 having an

opening is formed. In the opening of the bank 6048, a first electrode 6044 is partially

exposed, and the first electrode 6044, an electroluminescent layer 6045, and the second

electrode 6046 are sequentially stacked in the opening.



[0272]

The first electrode 6044 is formed of a material and to a thickness to reflect or

shield light, and can be formed of a material having a low work function of a metal, an

alloy, an electrically conductive compound, a mixture thereof, or the like. Specifically,

an alkaline metal such as Li or Cs, an alkaline earth metal such as Mg, Ca, or Sr, an

alloy containing such metals (e.g., Mg:Ag, Al:Li, or Mg:In), a compound of such

materials (e.g., calcium fluoride or calcium nitride), or a rare-earth metal such as Yb or

Er can be used. Further, in the case where an electron injection layer is provided,

another conductive layer such as an aluminum layer may be used as well.

[0273]

The second electrode 6046 is formed of a material or to a thickness to transmit

light, and formed of a material suitable for being used as an anode. For example,

another light-transmitting oxide conductive material such as indium tin oxide (ITO),

zinc oxide (ZnO), indium zinc oxide (IZO), or gallium-doped zinc oxide (GZO) can be

used for the second electrode 6046. Further, a mixture in which zinc oxide (ZnO) is

mixed at 2 % to 20 % in indium tin oxide including ITO and silicon oxide (hereinafter

referred to as ITSO) or in indium oxide including silicon oxide may be used as well for

the second electrode 6046. Furthermore, a single-layer film including one or more of

titanium nitride, zirconium nitride, titanium, tungsten, nickel, platinum, chromium,

silver, aluminum, and the like, a stacked layer of a titanium nitride film and a film

including aluminum as a main component, a three-layer structure of a titanium nitride

film, a film including aluminum as a main component, and a titanium nitride film, or the

like can be used for the second electrode 6046. However, in the case of using a

material other than the light-transmitting oxide conductive material, the second

electrode 6046 is formed to a thickness to transmit light (preferably, about 5 nm to 30

nm).

[0274]

The electroluminescent layer 6045 can be formed in a manner similar to the

electroluminescent layer 6035 of FIG. 26A.

[0275]

In the case of the pixel shown in FIG 26B, light emitted from the light-emitting

element 6043 can be extracted from the second electrode 6046 as shown by a hollow



arrow.

[0276]

Next, a cross-sectional view of a pixel in the case where a transistor 6051 is

n-channel type, and light emitted from a light-emitting element 6053 is extracted from a

first electrode 6054 side and a second electrode 6056 side is illustrated in FIG. 26C.

The transistor 6051 is covered with an insulating film 6057, and over the insulating film

6057, a bank 6058 having an opening is formed. In the opening of the bank 6058, the

first electrode 6054 is partially exposed, and the first electrode 6054, an

electroluminescent layer 6055, and the second electrode 6056 are sequentially stacked

in the opening.

[0277]

The first electrode 6054 can be formed in a manner similar to that of the first

electrode 6034 of FIG. 26A. The second electrode 6056 can be formed in a manner

similar to the second electrode 6046 of FIG 26B. The electroluminescent layer 6055

can be formed in the same manner as the electroluminescent layer 6035 in FIG 26A.

[0278]

In the case of the pixel shown in FIG 26C, light emitted from the light-emitting

element 6053 can be extracted from the first electrode 6054 side and the second

electrode 6056 side as shown by hollow arrows.

[0279]

This embodiment can be implemented in combination with any of the above

embodiments as appropriate.

[Example 1]

[0280]

By using a semiconductor display device according to one embodiment of the

present invention, an electronic device with high-speed operation can be provided. In

addition, by using a semiconductor display device according to one embodiment of the

present invention, an electronic device capable of displaying an image with high

contrast and visibility can be provided.

[0281]

Moreover, with the semiconductor device of the present invention, the heat

treatment temperature in the manufacturing process can be suppressed; therefore, a



highly reliable thin film transistor with excellent characteristics can be formed even

when the transistor is formed over a substrate formed using a flexible synthetic resin of

which heat resistance is lower than that of glass, such as plastic. Accordingly, with the

use of the manufacturing method according to an embodiment of the present invention,

a highly reliable, lightweight, and flexible semiconductor device with low power

consumption can be provided. Examples of a plastic substrate include polyester

typified by polyethylene terephthalate (PET), polyethersulfone (PES), polyethylene

naphthalate (PEN), polycarbonate (PC), polyetheretherketone (PEEK), polysulfone

(PSF), polyetherimide (PEI), polyarylate (PAR), polybutylene terephthalate (PBT),

polyimide, acrylonitrile-butadiene-styrene resin, polyvinyl chloride, polypropylene,

polyvinyl acetate, acrylic resin, and the like.

[0282]

Semiconductor devices according to an embodiment of the present invention

can be used for display devices, laptops, or image reproducing devices provided with

recording media (typically, devices which reproduce the content of recording media

such as digital versatile discs (DVDs) and have displays for displaying the reproduced

images). Further, the electronic devices including the semiconductor device according

to an embodiment of the present invention include mobile phones, portable game

machines, portable information terminals, e-book readers, cameras such as video

cameras or digital still cameras, goggle-type displays (head mounted displays),

navigation systems, audio reproducing devices (for example, car audio systems or

digital audio players), copying machines, facsimiles, printers, versatile printers,

automated teller machines (ATMs), vending machines, and the like. Specific examples

of such electronic devices are shown in FIGS. 28A to 28E.

[0283]

FIG 28A illustrates an e-book reader including a housing 7001, a display

portion 7002, and the like. The semiconductor display device according to an

embodiment of the present invention can be used for the display portion 7002. By

including the semiconductor display device according to one embodiment of the present

invention in the display portion 7002, an e-book reader capable of displaying an image

with high contrast and visibility can be provided. The semiconductor device according

to one embodiment of the present invention can also be used for an integrated circuit for



controlling the driving of the e-book reader. By using the semiconductor device

according to one embodiment of the present invention for the integrated circuit for

controlling the driving of the e-book reader, an e-book reader capable of high-speed

operation can be provided. Moreover, with the use of a flexible substrate, the

semiconductor device and the semiconductor display device can have flexibility. Thus,

a flexible, lightweight, and easy-to-use e-book reader can be provided.

[0284]

FIG 28B illustrates a display device that includes a housing 7011, a display

portion 7012, a support 7013, and the like. The semiconductor display device

according to an embodiment of the present invention can be used for the display portion

7012. By including the semiconductor display device according to one embodiment of

the present invention in the display portion 7012, a display device capable of displaying

an image with high contrast and visibility can be provided. The semiconductor device

according to one embodiment of the present invention can also be used for an integrated

circuit for controlling the driving of the display device. By using the semiconductor

device according to one embodiment of the present invention for the integrated circuit

for controlling the driving of the display device, a display device capable of high-speed

operation can be provided. Note that examples of the display device include all the

information display devices used for personal computers, TV broadcast reception,

advertisement display, or the like.

[0285]

FIG 28C illustrates a display device including a housing 7021, a display

portion 7022, and the like. The semiconductor display device according to an

embodiment of the present invention can be used for the display portion 7022. By

including the semiconductor display device according to one embodiment of the present

invention in the display portion 7022, a display device capable of displaying an image

with high contrast and visibility can be provided. The semiconductor device according

to one embodiment of the present invention can also be used for an integrated circuit for

controlling the driving of the display device. By using the semiconductor device

according to one embodiment of the present invention for the integrated circuit for

controlling the driving of the display device, a display device capable of high-speed

operation can be provided. Moreover, with the use of a flexible substrate, the



semiconductor device and the semiconductor display device can have flexibility. Thus,

a flexible, lightweight, and easy-to-use display device can be provided.

Accordingly, as illustrated in FIG 28C, a display device can be used while being fixed

to fabric or the like, and an application range of the display device is dramatically

widened.

[0286]

FIG. 28D illustrates a portable game machine including a housing 7031, a

housing 7032, a display portion 7033, a display portion 7034, a microphone 7035,

speakers 7036, operation keys 7037, a stylus 7038, and the like. The semiconductor

display device according to an embodiment of the present invention can be used for the

display portion 7033 and the display portion 7034. By including the semiconductor

display device according to one embodiment of the present invention in the display

portion 7033 and the display portion 7034, a portable game machine capable of

displaying an image with high contrast and visibility can be provided. The

semiconductor device according to one embodiment of the present invention can also be

used for an integrated circuit for controlling the driving of the portable game machine.

By using the semiconductor device according to one embodiment of the present

invention for the integrated circuit for controlling the driving of the portable game

machine, a portable game machine capable of high-speed operation can be provided.

Although the portable game machine illustrated in FIG 28D has the two display

portions 7033 and 7034, the number of display portions included in the portable game

machines is not limited thereto.

[0287]

FIG 28E illustrates a mobile phone which includes a housing 7041, a display

portion 7042, an audio input portion 7043, an audio output portion 7044, operation keys

7045, a light-receiving portion 7046, and the like. Light received in the light-receiving

portion 7046 is converted into electrical signals, whereby external images can be loaded.

The semiconductor display device according to an embodiment of the present invention

can be used for the display portion 7042. By including the semiconductor display

device according to one embodiment of the present invention in the display portion

7042, a mobile phone capable of displaying an image with high contrast and visibility

can be provided. The semiconductor device according to one embodiment of the



present invention can also be used for an integrated circuit for controlling the driving of

the mobile phone. By using the semiconductor device according to one embodiment

of the present invention for the integrated circuit for controlling the driving of the

mobile phone, a mobile phone capable of high-speed operation can be provided.

[0288]

Example 1 can be implemented in combination with any of the above

embodiments as appropriate.

This application is based on Japanese Patent Application serial no.

2009-235570 filed with Japan Patent Office on October 9, 2009, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A semiconductor device comprising:

a gate electrode over an insulating surface;

a gate insulating film over the gate electrode;

an oxide semiconductor film over the gate insulating film, the oxide

semiconductor film overlapping with the gate electrode;

a pair of metal oxide films over the oxide semiconductor film; and

a source electrode and a drain electrode over the pair of metal oxide films,

wherein the oxide semiconductor film comprises, on the pair of metal oxide

films sides, a region where a concentration of one or a plurality of metals in the oxide

semiconductor film is higher than a concentration of one or a plurality of metals in other

regions of the oxide semiconductor film, and

wherein the pair of metal oxide films are formed by oxidation of a metal in the

source electrode and the drain electrode.

2. The semiconductor device according to claim 1, wherein the metal in the

source electrode and the drain electrode is titanium, tungsten, or molybdenum.

3. The semiconductor device according to claim 1, wherein a thickness of the

region of the oxide semiconductor film is more than or equal to 2 nm and less than or

equal to 10 nm.

4. The semiconductor device according to claim 1, wherein a thickness of each

of the pair of metal oxide films is more than or equal to 2 nm and less than or equal to

10 nm.

5. The semiconductor device according to claim 1, further comprising an

insulating film over the source electrode and the drain electrode, wherein the insulating

film is in direct contact with the oxide semiconductor film.

6. A semiconductor device comprising:



a gate electrode over an insulating surface;

a gate insulating film over the gate electrode;

an oxide semiconductor film including indium, gallium, and zinc over the gate

insulating film, the oxide semiconductor film overlapping with the gate electrode;

a pair of metal oxide films over the oxide semiconductor film; and

a source electrode and a drain electrode over the pair of metal oxide films,

wherein the oxide semiconductor film comprises, on the pair of metal oxide

films sides, a region where a concentration of one or a plurality of indium, gallium, and

zinc is higher than a concentration of one or a plurality of indium, gallium, and zinc in

other regions of the oxide semiconductor film, and

wherein the pair of metal oxide films are formed by oxidation of a metal in the

source electrode and the drain electrode.

7. The semiconductor device according to claim 6, wherein the metal in the

source electrode and the drain electrode is titanium, tungsten, or molybdenum.

8. The semiconductor device according to claim 6, wherein a thickness of the

region of the oxide semiconductor film is more than or equal to 2 nm and less than or

equal to 10 nm.

9. The semiconductor device according to claim 6, wherein a thickness of each

of the pair of metal oxide films is more than or equal to 2 nm and less than or equal to

10 nm.

10. The semiconductor device according to claim 6, further comprising an

insulating film over the source electrode and the drain electrode, wherein the insulating

film is in direct contact with the oxide semiconductor film.

11. A semiconductor device comprising:

a gate electrode over a substrate;

a gate insulating film over the gate electrode;

an oxide semiconductor film comprising a first metal over the gate insulating



film, the oxide semiconductor film overlapping with the gate electrode;

a first metal oxide film over the oxide semiconductor film;

a second metal oxide film over the oxide semiconductor film;

a source electrode over the first metal oxide film, the source electrode being in

direct contact with the gate insulating film; and

a drain electrode over the second metal oxide film, the drain electrode being in

direct contact with the gate insulating film;

wherein each of the first metal oxide film, the second metal oxide film, the

source electrode and the drain electrode comprises a second metal,

wherein a first region of the oxide semiconductor film is adjacent to the first

metal oxide film,

wherein a second region of the oxide semiconductor film is adjacent to the

second metal oxide film,

wherein a third region of the oxide semiconductor film is adjacent to the gate

insulating film, and

wherein a concentration of the first metal in the first region and the second

region is higher than the concentration of the first metal in the third region.

12. The semiconductor device according to claim 11, wherein the second metal

is titanium, tungsten, or molybdenum.

13. The semiconductor device according to claim 11, wherein a thickness of

each of the first region and the second region is more than or equal to 2 nm and less

than or equal to 10 nm.

14. The semiconductor device according to claim 11, wherein a thickness of

each of the first metal oxide film and the second metal oxide film is more than or equal

to 2 nm and less than or equal to 10 nm.

15. The semiconductor device according to claim 11, further comprising an

insulating film over the source electrode and the drain electrode, wherein the insulating

film is in direct contact with the oxide semiconductor film.



16. A method for manufacturing a semiconductor device, the method

comprising the steps of:

forming a gate electrode over a substrate;

forming a gate insulating film over the gate electrode;

forming an oxide semiconductor film over the gate insulating film;

forming a conductive film over the oxide semiconductor film;

conducting a heating treatment for the oxide semiconductor film to form a

metal oxide film between the oxide semiconductor film and the conductive film after

the forming of the conductive film; and

etching the conductive film to form a source electrode and a drain electrode.

17. The method according to claim 16, wherein the oxide semiconductor film is

formed by a sputtering method while heating the substrate at a temperature of more than

or equal to 400 °C and less than or equal to 700 °C.

































































INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2 0 1 0 / 0 6 6 7 4 7

A . CLASSIFICATION OF SUBJECT MATTER

IntCl. H0 1L2 9 / 7 8 6 (2 0 0 6 . 0 1 ) i , G02 F 1 / 1 3 6 8 (2 0 0 6 . 0 1 ) i , H O1L2 / 2 8 ( 2 0 0 6 . 0 1 ) i ,
H0 1L2 9 / 4 1 7 (2 0 0 6 . 0 1 ) i , H0 1 L5 1 / 5 0 (2 0 0 6 . 0 1 ) i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IntCl. H0 1L2 9 / 7 8 6 , G0 2F1 / 1 3 6 8 , H0 1L2 1 / 2 8 , H0 1 L2 9 / 4 1 7 , H0 1 L5 1 / 5 0

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2008-205469 A (SAMSUNG ELECTRONICS CO., LTD. 1-16

Y 2008.09.04, [0017], [0030], [0032], [0046]- 17

[0050], FIG. 5A-FIG. 5D & US 2008/0197350 Al

& KR 10-2008-0076608 A & CN 101246909 A

X JP 2009-123957 A (SUMITOMO CHEMICAL CO., LTD) 17

2009.06.04, [0076] - [0082] & EP 2219225 A

& WO 2009/064007 A l

E ,X JP 2010-232647 A (SEMICONDUCTOR ENERGY 1-15

LABORATORY CO. ,LTD. ) 2010.10.14, [0113]- [012 ]

FIG. 7 , FIG. 8 (No Family)

J Further documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or
A" document defining the general state of the art which is not priority date and not in conflict with the application but cited to

considered to be of particular relevance understand the principle or theory underlying the invention
E" earlier application or patent but published on or after the inter "X" document of particular relevance; the claimed invention cannot

national filing date be considered novel or cannot be considered to involve an
L" document which may throw doubts on priority claim(s) or which inventive step when the document is taken alone

is cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot

O" document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such

P" document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

2 5 . 1 1 . 2 0 1 0 0 7 . 2 . 2 0 1 0

Name and mailing address of the ISA/JP Authorized officer 4 M 9 2 7
Japan Patent Office MIYAZAWA,Takayuki

3-4-3, Kasumigaseki, CMyoda-ku, Tokyo 100-8915, Japan Telephone No. +8 1-3-358 1-1 10 1 Ext.

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

