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DESCRIPTION

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURINGTHE

SAME

TECHNICAL FIELD

[0001]

The present invention relates to a semiconductor device which is provided with

a circuit including a semiconductor element such as a transistor, and a method for

manufacturing the semiconductor device. For example, the present invention relates to

a power device which is mounted on a power supply circuit; a semiconductor integrated

circuit including a memory, a thyristor, a converter, an image sensor, or the like; and an

electronic device on which an electro-optical device typified by a liquid crystal display

panel, a light-emitting display device including a light-emitting element, or the like is

mounted as a component.

[0002]

In this specification, a semiconductor device means all types of devices which

can function by utilizing semiconductor characteristics, and an electro-optical device, a

light-emitting display device, a semiconductor circuit, and an electronic device are all

semiconductor devices.

BACKGROUND ART

[0003]

Transistors formed over a glass substrate or the like are manufactured using

amorphous silicon, polycrystalline silicon, or the like, as typically seen in liquid crystal

display devices. Although transistors manufactured using amorphous silicon have low

field-effect mobility, they can be manufactured over a larger glass substrate. On the

other hand, although transistors manufactured using polycrystalline silicon have high

field-effect mobility, they are not suitable for being manufactured over a larger glass

substrate.

[0004]

In contrast to transistors manufactured using silicon, attention has been drawn



to a technique by which a transistor is manufactured using an oxide semiconductor and

applied to an electronic device or an optical device. For example, Patent Document 1

and Patent Document 2 disclose a technique by which a transistor is manufactured using

zinc oxide or an In-Ga-Zn-O-based oxide as an oxide semiconductor and is used as a

switching element of a pixel or the like of a display device.

[0005]

Patent Document 3 discloses a technique by which, in a staggered transistor

including an oxide semiconductor, a highly conductive oxide semiconductor containing

nitrogen is provided as buffer layers between a source region and a source electrode and

between a drain region and a drain electrode, and thereby contact resistance between the

oxide semiconductor and the source electrode and between the oxide semiconductor and

the drain electrode is reduced.

[0006]

Non-Patent Document 1 discloses a top-gate oxide semiconductor transistor in

which a channel region, a source region, and a drain region are formed in a self-aligned

manner.

[Reference]

[Patent Document]

[0007]

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

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

[Patent Document 3] Japanese Published Patent Application No. 2010-135774

[Non-Patent Document]

[0008]

[Non-Patent Document 1] Jae Chul Park et al., "High performance amorphous oxide

thin film transistors with self-aligned top-gate structure" IEDM2009, p. 191-194

DISCLOSURE OF INVENTION

[0009]

It is an object to provide a semiconductor device including a transistor in which

variation in electric characteristics due to a short-channel effect is less likely to be

caused.



[0010]

It is another object to provide a semiconductor device which is miniaturized.

[0011]

In addition, it is another object to provide a semiconductor device whose

on-state current is improved.

[0012]

An embodiment of the present invention is a semiconductor device provided

with an oxide semiconductor film including a pair of second oxide semiconductor

regions which are amorphous regions and a first oxide semiconductor region located

between the pair of second oxide semiconductor regions, a gate insulating film, and a

gate electrode provided over the first oxide semiconductor region with the gate

insulating film interposed therebetween.

[0013]

The first oxide semiconductor region includes a material which is a

non-single-crystal including a phase which has a triangular or hexagonal atomic

arrangement when seen from the direction perpendicular to an a-b plane and in which

metal atoms are arranged in a layered manner or metal atoms and oxygen atoms are

arranged in a layered manner when seen from the direction perpendicular to a c-axis.

[0014]

In this specification, an oxide semiconductor film which includes a

non-single-crystal including a phase which has a triangular or hexagonal atomic

arrangement when seen from the direction perpendicular to the a-b plane and in which

metal atoms are arranged in a layered manner or metal atoms and oxygen atoms are

arranged in a layered manner when seen from the direction perpendicular to the c-axis is

referred to as a c-axis-aligned crystalline oxide semiconductor (CAAC-OS) film.

[0015]

CAAC-OS is not a single crystal, but this does not mean that CAAC-OS is

composed of only an amorphous component. Although CAAC-OS includes a

crystallized portion (crystalline portion), a boundary between one crystalline portion

and another crystalline portion is not clear in some cases. Nitrogen may be substituted

for part of oxygen contained in CAAC-OS. The c-axes of individual crystalline

portions included in CAAC-OS may be aligned in one direction (e.g., the direction



perpendicular to a surface of a substrate over which CAAC-OS is formed, a surface of

CAAC-OS, a surface of a CAAC-OS film, an interface of CAAC-OS, or the like).

Alternatively, normals of the a-b planes of individual crystalline portions included in

CAAC-OS may be aligned in one direction (e.g., the direction perpendicular to a surface

of a substrate over which CAAC-OS is formed, a surface of CAAC-OS, a surface of a

CAAC-OS film, an interface of CAAC-OS, or the like).

[0016]

CAAC-OS becomes a conductor, a semiconductor, or an insulator depending

on its composition or the like. CAAC-OS transmits or does not transmit visible light

depending on its composition or the like. As an example of such CAAC-OS, there is a

material which is formed into a film shape and has a triangular or hexagonal atomic

arrangement when observed from the direction perpendicular to a surface of a film, a

surface of a substrate, or an interface and in which metal atoms are arranged in a layered

manner or metal atoms and oxygen atoms (or nitrogen atoms) are arranged in a layered

manner when a cross section of the film is observed.

[0017]

The oxide semiconductor film can contain two or more kinds of elements

selected from In, Ga, Sn, and Zn.

[0018]

The pair of second oxide semiconductor regions serve as a source region and a

drain region of a transistor, and the first oxide semiconductor region serves as a channel

region of the transistor.

[0019]

In a top-gate transistor in which a channel region is formed using an oxide

semiconductor film, a source region and a drain region can be formed in such a manner

that ions are added to the oxide semiconductor film with the use of a gate electrode as a

mask. When the source region and the drain region are formed using the gate

electrode as a mask, the source region and the drain region do not overlap with the gate

electrode. Therefore, unnecessary parasitic capacitance can be reduced, and thus, the

transistor can operate at high speed.

[0020]

In a bottom-gate transistor in which a channel region is formed using an oxide



semiconductor film, a source region and a drain region can be formed in such a manner

that ions are added to the oxide semiconductor film with the use of an insulating film

serving as a channel protective film as a mask. The insulating film serving as a

channel protective film is formed so as to protect a back channel portion of the oxide

semiconductor film and is preferably formed with a single layer or a stack using one or

more of silicon oxide, silicon nitride, aluminum oxide, aluminum nitride, and the like.

[0021]

Further, by forming the source region and the drain region in the above manner,

contact resistance between the oxide semiconductor film and a wiring material used for

a source electrode, a drain electrode, or the like can be reduced. Accordingly, the

on-state current of the transistor can be improved.

[0022]

Ions to form the source region and the drain region in the transistor can be

added by an ion doping method, an ion implantation method, or the like. As the ions

to be added, one or more kinds of elements selected from Group 15 elements such as

nitrogen, phosphorus, and arsenic can be used.

[0023]

The amount of ions contained in the source region and the drain region is

preferably greater than or equal to 5 x 10 18 atoms/cm3 and less than or equal to 1 x 1022

atoms/cm through the addition of the ions. The carrier density of the second oxide

semiconductor region can be increased by increasing the concentration of ions which

have been added; however, when the concentration of ions which have been added is

too high, transfer of carriers is inhibited and the conductivity is decreased.

[0024]

In addition, ions can be added to both an oxide semiconductor film which is

exposed and an oxide semiconductor film which is covered with an insulating film or

the like.

[0025]

Other than an ion doping method, an ion implantation method, or the like, ions

can be added to the oxide semiconductor film by a method in which ions are not

implanted. For example, the ions can be added in the following manner: plasma is

generated in an atmosphere of a gas containing an element to be added and plasma



treatment is performed on an object to which the ions are added. A dry etching

apparatus, a plasma CVD apparatus, a high-density plasma CVD apparatus, or the like

can be used to generate the plasma.

[0026]

Heat treatment may be performed after the ions are added. The heat treatment

is preferably performed at a temperature at which the source region and the drain region

are not crystallized.

[0027]

In the second oxide semiconductor region to which the ions are added, the band

gap becomes small in some cases. In that case, the use of the second oxide

semiconductor regions as the source region and the drain region has such an effect that a

band edge of a channel which is formed with the first oxide semiconductor region to

which the ions are not added is hardly curved. On the other hand, in the case where

the source region and the drain region are formed using a metal material, the degree of a

curve of the band edge of the channel which is the first oxide semiconductor region is

not negligible, so that the effective channel length is decreased in some cases. This

tendency becomes more remarkable as the channel length of a transistor is reduced.

Therefore, when the second oxide semiconductor regions to which the ions are added is

used as the source region and the drain region, a short-channel effect can be suppressed.

[0028]

In addition, by forming the second oxide semiconductor regions to which the

ions are added as the source region and the drain region of the transistor, contact

resistance between a wiring and the source region and between a wiring and the drain

region can be reduced, which increases the on-state current of the transistor.

[0029]

In accordance with an embodiment of the present invention, it is possible to

provide a semiconductor device including a transistor in which variation in electric

characteristics due to a short-channel effect is less likely to be caused. It is also

possible to provide a semiconductor device which is miniaturized. In addition, it is

possible to provide a semiconductor device whose on-state current is improved.

BRIEF DESCRIPTION OF DRAWINGS



[0030]

FIGS. 1A to 1C are a top view and cross-sectional views illustrating an

example of a semiconductor device according to an embodiment of the present

invention.

FIGS. 2A to 2D are cross-sectional views illustrating an example of a

manufacturing process of a semiconductor device according to an embodiment of the

present invention.

FIG. 3 is a cross-sectional view illustrating an example of a semiconductor

device according to an embodiment of the present invention.

FIGS. 4A to 4D are cross-sectional views illustrating an example of a

manufacturing process of a semiconductor device according to an embodiment of the

present invention.

FIG. 5 is a cross-sectional view illustrating an example of a semiconductor

device according to an embodiment of the present invention.

FIGS. 6A to 6D are cross-sectional views illustrating an example of a

manufacturing process of a semiconductor device according to an embodiment of the

present invention.

FIGS. 7A and 7B are cross-sectional views each illustrating an example of a

semiconductor device according to an embodiment of the present invention.

FIG. 8 is a cross-sectional view illustrating an example of a semiconductor

device according to an embodiment of the present invention.

FIGS. 9A and 9B each illustrate a band structure of an oxide semiconductor

and a metal material.

FIGS. 10A and 10B are examples of a circuit diagram illustrating an

embodiment of the present invention.

FIG. 11 is an example of a circuit diagram illustrating an embodiment of the

present invention.

FIGS. 12A and 12B are examples of a circuit diagram illustrating an

embodiment of the present invention.

FIGS. 13A and 13B are examples of a circuit diagram illustrating an

embodiment of the present invention.

FIGS. 14A to 14C are a block diagram illustrating a specific example of a CPU



and circuit diagrams each illustrating part of the CPU.

BEST MODE FOR CARRYING OUT THE INVENTION

[0031]

Embodiments of the present invention will be described in detail with reference

to the accompanying drawings. Note that the present invention is not limited to the

description below, and it is easily understood by those skilled in the art that modes and

details thereof can be modified in various ways without departing from the spirit and the

scope of the present invention. Therefore, the present invention should not be

construed as being limited to the description in the embodiments below. Note that the

same portions or portions having similar functions in the structure of the present

invention described below are denoted by the same reference numerals in different

drawings and repetitive description thereof will be omitted.

[0032]

Note that in each drawing described in this specification, the size, the film

thickness, or the region of each component is exaggerated for clarity in some cases.

Therefore, embodiments of the present invention are not limited to such scales.

[0033]

Note that terms such as "first", "second", and "third" in this specification are

used in order to avoid confusion among components, and the terms do not limit the

components numerically. Therefore, for example, the term "first" can be replaced with

the term "second", "third", or the like as appropriate.

[0034]

(Embodiment 1)

In this embodiment, an example of a top-gate transistor in which a channel

region is formed using a first oxide semiconductor region to which ions are not added,

and a source region and a drain region are formed using second oxide semiconductor

regions to which ions are added and which are in the same layer as the channel region

will be described with reference to FIGS. lAto 1C and FIGS. 2Ato 2D.

[0035]

FIGS. lAto 1C are a top view and cross-sectional views of a top-gate transistor.

Here, FIG. 1A is a top view, FIG. I B is a cross-sectional view taken along A-B in FIG



1A, and FIG. 1C is a cross-sectional view taken along C-D in FIG. 1A. Note that in

FIG. 1A, some components of a transistor 151 (e.g., a gate insulating film 112 and an

interlayer insulating film 124) are omitted for simplicity.

[0036]

The transistor 151 illustrated in FIGS. 1A to 1C includes an oxide

semiconductor film 190 over an insulating surface which includes a first oxide

semiconductor region 126 and a pair of second oxide semiconductor regions 122, the

gate insulating film 112 over the oxide semiconductor film 190, a gate electrode 114

over the gate insulating film 112, the interlayer insulating film 124 which covers the

gate insulating film 112 and the gate electrode 114, and wirings 116 which are

connected to the pair of second oxide semiconductor regions 122 through contact holes

130 provided in the interlayer insulating film 124. In this embodiment, the case where

a base insulating film 102 is provided as the insulating surface over a substrate 100 is

described.

[0037]

Here, the pair of second oxide semiconductor regions 122 serves as a source

region and a drain region of the transistor 151, and the first oxide semiconductor region

126 serves as a channel region of the transistor 151.

[0038]

The oxide semiconductor film 190 including the first oxide semiconductor

region 126 and the pair of second oxide semiconductor regions 122 may be formed

using a material containing two or more kinds of elements selected from In, Ga, Sn, and

Zn. For example, the oxide semiconductor film 190 is formed using an

In-Ga-Zn-O-based oxide semiconductor.

[0039]

In addition, the first oxide semiconductor region 126 includes CAAC-OS.

[0040]

The pair of second oxide semiconductor regions 122 are amorphous regions.

Each of the pair of second oxide semiconductor regions 122 contains one or more kinds

of elements selected from Group 15 elements such as nitrogen, phosphorus, and arsenic,

and the concentration thereof is preferably higher than or equal to 5 x 1018 atoms/cm 3



3and lower than or equal to 1 x 10 atoms/cm .

[0041]

The conductivity of the pair of second oxide semiconductor regions 122 is

higher than or equal to 10 S/cm and lower than or equal to 1000 S/cm, preferably higher

than or equal to 100 S/cm and lower than or equal to 1000 S/cm. When the

conductivity is too low, the on-state current of the transistor is decreased. By setting

the conductivity not to be too high, an influence of an electric field generated in the pair

of second oxide semiconductor regions 122 can reduced and thus a short-channel effect

can be suppressed.

[0042]

The interlayer insulating film 124 may be formed with a single layer or a stack

using, for example, one or more of silicon oxide, silicon oxynitride, silicon nitride oxide,

silicon nitride, aluminum oxide, and the like. For example, the interlayer insulating

film 124 may be formed by a thermal oxidation method, a CVD method, a sputtering

method, or the like. A silicon nitride film or a silicon nitride oxide film is preferably

used as the interlayer insulating film 124.

[0043]

The wirings 116 may have a structure similar to that of the gate electrode 114

described later.

[0044]

With such a structure, little parasitic capacitance is generated between the gate

electrode 114 and the pair of second oxide semiconductor regions 122 and variation in

the threshold voltage can be reduced even when the transistor is miniaturized and thus

the channel length is reduced. Further, contact resistance between the pair of second

oxide semiconductor regions 122 and the wirings 116 is reduced, and thus the on-state

current of the transistor can be increased. Furthermore, the concentration of hydrogen

in the first oxide semiconductor region 126 is reduced, and thus the electric

characteristics and reliability of the transistor can be improved.

[0045]

Although not illustrated, it is also possible that the gate insulating film 112 is

formed only over the first oxide semiconductor region 126 and does not cover the pair

of second oxide semiconductor regions 122.



[0046]

<Example of Method for Manufacturing Transistor>

Next, a method for manufacturing the transistor illustrated in FIGS. 1A to 1C

will be described with reference to FIGS. 2A to 2D.

[0047]

First, as illustrated in FIG. 2A, the base insulating film 102 is formed over the

substrate 100.

[0048]

There is no particular limitation on a material and the like of the substrate 100

as long as the material has heat resistance high enough to withstand at least heat

treatment performed later. For example, a glass substrate, a ceramic substrate, a quartz

substrate, a sapphire substrate, or the like may be used as the substrate 100.

Alternatively, a single crystal semiconductor substrate or a polycrystalline

semiconductor substrate made of silicon, silicon carbide, or the like; a compound

semiconductor substrate made of silicon germanium, gallium nitride, or the like; an SOI

substrate; or the like may be used as the substrate 100. Still alternatively, any of these

substrates provided with a semiconductor element may be used as the substrate 100.

[0049]

A flexible substrate may alternatively be used as the substrate 100. In the case

where a transistor is provided over the flexible substrate, the transistor may be formed

directly over the flexible substrate, or the transistor may be formed over a different

substrate and then separated from the substrate to be transferred to the flexible substrate.

In order to separate the transistor from the substrate to be transferred to the flexible

substrate, a separation layer is preferably provided between the substrate and the

transistor.

[0050]

The base insulating film 102 may be a single layer or a stack formed using one

or more of a silicon oxide film, a silicon oxynitride film, a silicon nitride oxide film, a

silicon nitride film, and an aluminum oxide film.

[0051]

In this specification, silicon oxynitride refers to a substance that contains more

oxygen than nitrogen and for example, silicon oxynitride contains oxygen, nitrogen,



silicon, and hydrogen at concentrations ranging from higher than or equal to 50 at.%

and lower than or equal to 70 at.%, higher than or equal to 0.5 at.% and lower than or

equal to 15 at.%, higher than or equal to 25 at.% and lower than or equal to 35 at.%, and

higher than or equal to 0 at.% and lower than or equal to 10 at.%, respectively. Further,

silicon nitride oxide contains more nitrogen than oxygen and for example, silicon nitride

oxide contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from

higher than or equal to 5 at.% and lower than or equal to 30 at.%, higher than or equal

to 20 at.% and lower than or equal to 55 at.%, higher than or equal to 25 at.% and lower

than or equal to 35 at.%, and higher than or equal to 10 at.% and lower than or equal to

25 at.%, respectively. Note that percentages of oxygen, nitrogen, silicon, and

hydrogen fall within the aforementioned ranges in the case where measurement is

performed using Rutherford backscattering spectrometry (RBS) or hydrogen forward

scattering (HFS). In addition, the total of the percentages of the constituent elements

does not exceed 100 at.%.

[0052]

As the base insulating film 102, a film from which oxygen is released by

heating may be used.

[0053]

To release oxygen by heating means that the released amount of oxygen which

is converted into oxygen atoms is greater than or equal to 1.0 x 10 atoms/cm ,

preferably greater than or equal to 3.0 x 1020 atoms/cm3 in thermal desorption

spectroscopy (TDS).

[0054]

Here, a method in which the amount of released oxygen is measured by

conversion into oxygen atoms using TDS analysis will be described.

[0055]

The amount of a released gas in TDS analysis is proportional to the integral

value of a spectrum. Therefore, the amount of a released gas can be calculated from

the ratio between the integral value of a spectrum of an insulating film and the reference

value of a standard sample. The reference value of a standard sample is the ratio

between the density of a predetermined atom contained in the sample and the integral



value of a spectrum.

[0056]

For example, the number of released oxygen molecules (N0 ) from an

insulating film can be calculated according to a numerical expression 1 with TDS

analysis results of a silicon wafer containing hydrogen at a predetermined density which

is the standard sample and TDS analysis results of the insulating film. Here, all

spectra having a mass number of 32 which are obtained by TDS analysis are assumed to

originate from an oxygen molecule. CH3OH, which is given as a gas having a mass

number of 32, is not taken into consideration on the assumption that it is unlikely to be

present. Further, an oxygen molecule including an oxygen atom having a mass

number of 17 or 18 which is an isotope of an oxygen atom is not taken into

consideration either, because the proportion of such a molecule in the natural world is

minimal.

[0057]

No2 = N H2 SH2 X o2 (numerical expression 1)

[0058]

N H2 is the value obtained by conversion of the number of hydrogen molecules

desorbed from the standard sample into density. SH2 is the integral value of a spectrum

when the standard sample is subjected to TDS analysis. Here, the reference value of

the standard sample is set to NH2/SH2- S O2 is the integral value of a spectrum when the

insulating film is subjected to TDS analysis is a coefficient affecting the intensity

of the spectrum in the TDS analysis. Refer to Japanese Published Patent Application

No. H6-275697 for details of the numerical expression 1. Note that the amount of

released oxygen from the above insulating film is measured with a thermal desorption

spectroscopy apparatus produced by ESCO Ltd., EMD-WA1000S/W, using a silicon

wafer containing hydrogen atoms at 1 x 10 atoms/cm as the standard sample.

[0059]

Further, in TDS analysis, part of oxygen is detected as an oxygen atom. The

ratio between oxygen molecules and oxygen atoms can be calculated from the

ionization rate of the oxygen molecules. Note that, since the above a includes the

ionization rate of the oxygen molecules, the number of the released oxygen atoms can



also be estimated through the evaluation of the number of the released oxygen

molecules.

[0060]

Note that No is the number of the released oxygen molecules. In the

insulating film, the amount of released oxygen converted into oxygen atoms is twice the

number of the released oxygen molecules.

[0061]

In the above structure, the insulating film from which oxygen is released by

heating may be oxygen-excess silicon oxide (SiO^ (X > 2)). In the oxygen-excess

silicon oxide (SiO (X > 2)), the number of oxygen atoms per unit volume is more than

twice the number of silicon atoms per unit volume. The number of silicon atoms and

the number of oxygen atoms per unit volume are measured by Rutherford

backscattering spectrometry.

[0062]

By supplying oxygen from the base insulating film to the oxide semiconductor

film, an interface state between the base insulating film and the oxide semiconductor

film can be reduced. As a result, electric charge or the like which may be produced

due to an operation of the transistor or the like can be prevented from being trapped at

the interface between the base insulating film and the oxide semiconductor film, and

thereby a transistor with less deterioration in electric characteristics can be provided.

[0063]

Further, electric charge is generated owing to oxygen deficiency in the oxide

semiconductor film in some cases. In general, when oxygen deficiency is caused in

the oxide semiconductor film, part of the oxygen deficiency becomes a donor and

generates an electron which is a carrier. As a result, the threshold voltage of a

transistor shifts in the negative direction. This tendency occurs remarkably in oxygen

deficiency caused on the back channel side. Note that a back channel in this

embodiment refers to the vicinity of an interface of the oxide semiconductor film on the

base insulating film side. When oxygen is sufficiently supplied from the base

insulating film to the oxide semiconductor film, oxygen deficiency in the oxide

semiconductor film which causes the negative shift of the threshold voltage can be

reduced.



[0064]

n other words, when oxygen deficiency is caused in the oxide semiconductor

film, it is difficult to prevent trapping of electric charge at the interface between the base

insulating film and the oxide semiconductor film. However, by providing an

insulating film from which oxygen is released by heating as the base insulating film, the

interface state between the oxide semiconductor film and the base insulating film and

the oxygen deficiency in the oxide semiconductor film can be reduced, and the

influence of the trapping of electric charge at the interface between the oxide

semiconductor film and the base insulating film can be made small.

[0065]

Then, an oxide semiconductor film 140 is formed over the base insulating film

102.

[0066]

The oxide semiconductor film 140 is formed in such a manner that an oxide

semiconductor film with a thickness of greater than or equal to 1 nm and less than or

equal to 50 nm is formed by a sputtering method, a mask is formed over the oxide

semiconductor film, and the oxide semiconductor film is selectively etched with the use

of the mask.

[0067]

The mask used in the etching of the oxide semiconductor film can be formed as

appropriate by a photolithography process, an inkjet method, a printing method, or the

like. Wet etching or dry etching can be employed as appropriate for the etching of the

oxide semiconductor film.

[0068]

A sputtering apparatus used for forming the oxide semiconductor film will be

described in detail below.

[0069]

The leakage rate of a treatment chamber in which the oxide semiconductor film

is formed is preferably lower than or equal to 1 x 10-10 Pa-m3/sec, whereby entry of an

impurity into the film to be formed by a sputtering method can be decreased.

[0070]

In order to decrease the leakage rate, internal leakage as well as external



leakage needs to be reduced. The external leakage refers to inflow of a gas from the

outside of a vacuum system through a minute hole, a sealing defect, or the like. The

internal leakage is due to leakage through a partition, such as a valve, in a vacuum

system or due to a released gas from an internal member. Measures need to be taken

from both aspects of external leakage and internal leakage in order that the leakage rate

—10 3be lower than or equal to 1 x 10 Pa-m /sec.

[0071]

In order to decrease external leakage, an open/close portion of the treatment

chamber is preferably sealed with a metal gasket. For the metal gasket, a metal

material covered with iron fluoride, aluminum oxide, or chromium oxide is preferably

used. The metal gasket realizes higher adhesion than an O-ring, and can reduce

external leakage. Further, with the use of a metal material covered with iron fluoride,

aluminum oxide, chromium oxide, or the like which is in the passive state, a released

gas containing hydrogen generated from the metal gasket is suppressed, so that internal

leakage can also be reduced.

[0072]

As a member for forming an inner wall of the treatment chamber, aluminum,

chromium, titanium, zirconium, nickel, or vanadium, in which the amount of a released

gas containing hydrogen is small, is used. An alloy material containing iron,

chromium, nickel, or the like covered with the above-mentioned material may also be

used. The alloy material containing iron, chromium, nickel, or the like is rigid,

resistant to heat, and suitable for processing. Here, when surface unevenness of the

member is decreased by polishing or the like to reduce the surface area, the released gas

can be reduced. Alternatively, the above-mentioned member of a film formation

apparatus may be covered with iron fluoride, aluminum oxide, chromium oxide, or the

like which is in the passive state.

[0073]

Furthermore, it is preferable to provide a refiner for a sputtering gas just in

front of the treatment chamber. At this time, the length of a pipe between the refiner

and the treatment chamber is less than or equal to 5 m, preferably less than or equal to 1

m. When the length of the pipe is less than or equal to 5 m or less than or equal to 1 m,



the influence of the released gas from the inner wall of the pipe can be reduced with a

reduction in the length of the pipe.

[0074]

Evacuation of the treatment chamber is preferably performed with a rough

vacuum pump such as a dry pump and a high vacuum pump such as a sputter ion pump,

a turbo molecular pump, or a cryopump in appropriate combination. The turbo

molecular pump has an outstanding capability in removing a large-sized molecule,

whereas it has a low capability in removing hydrogen or water. Hence, combination of

a cryopump having a high capability in removing water and a sputter ion pump having a

high capability in removing hydrogen is effective.

[0075]

An adsorbate present at the inner wall of the treatment chamber does not affect

the pressure in the treatment chamber because it is adsorbed on the inner wall, but the

adsorbate leads to release of a gas at the time of the evacuation of the treatment chamber.

Therefore, although the leakage rate and the evacuation rate do not have a correlation, it

is important that the adsorbate present in the treatment chamber be desorbed as much as

possible and evacuation be performed in advance with the use of a pump having high

evacuation capability. Note that the treatment chamber may be subjected to baking for

promotion of desorption of the adsorbate. By the baking, the rate of desorption of the

adsorbate can be increased about tenfold. The baking should be performed at a

temperature of higher than or equal to 100 °C and lower than or equal to 450 °C. At

this time, when the adsorbate is removed while an inert gas is introduced, the rate of

desorption of water or the like which is difficult to desorb only by evacuation can be

further increased.

[0076]

A power supply device for generating plasma in a sputtering method can be an

RF power supply device, an AC power supply device, a DC power supply device, or the

like as appropriate.

[0077]

As a target, a metal oxide target containing zinc can be used. As the target, a

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

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



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

metal oxide, an Al-Ga-Zn-O-based metal oxide, or a Sn-Al-Zn-O-based metal oxide, or

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

Sn-Zn-O-based metal oxide can be used.

[0078]

As an example of the target, a metal oxide target containing In, Ga, and Zn has

a composition ratio where In 0 3:Ga 0 3:ZnO = 1:1:1 [molar ratio]. Alternatively, a

target having a composition ratio where In20 3:Ga20 3:ZnO = 1:1:2 [molar ratio], a target

having a composition ratio where In20 3:Ga 0 3:ZnO = 1:1:4 [molar ratio], or a target

having a composition ratio where In20 3:Ga 0 3:ZnO = 2:1:8 [molar ratio] can be used.

[0079]

As a sputtering gas, a rare gas (typically argon), oxygen, or a mixed gas of a

rare gas and oxygen is used as appropriate. It is preferable that a high-purity gas from

which impurities such as hydrogen, water, a hydroxyl group, and hydride are removed

be used as a sputtering gas.

[0080]

The substrate temperature in forming the film is higher than or equal to 150 °C

and lower than or equal to 450 °C, preferably higher than or equal to 200 °C and lower

than or equal to 350 °C. By forming the film while the substrate is heated to a

temperature of higher than or equal to 150 °C and lower than or equal to 450 °C,

preferably higher than or equal to 200 °C and lower than or equal to 350 °C, entry of

moisture (e.g., hydrogen) or the like into the film can be prevented. In addition, a

CAAC-OS film that is an oxide semiconductor film including a crystal can be formed.

[0081]

Further, heat treatment is preferably performed on the substrate 100 after the

oxide semiconductor film is formed, so that hydrogen is released from the oxide

semiconductor film and part of oxygen contained in the base insulating film 102 is

diffused into the oxide semiconductor film and the base insulating film 102 in the

vicinity of the interface with the oxide semiconductor film. Through the heat

treatment, a CAAC-OS film with higher crystallinity can be formed.

[0082]



The temperature of the heat treatment is preferably a temperature at which

hydrogen is released from the oxide semiconductor film and part of oxygen contained in

the base insulating film 102 is released and diffused into the oxide semiconductor film.

The temperature is typically higher than or equal to 200 °C and lower than the strain

point of the substrate 100, preferably higher than or equal to 250 °C and lower than or

equal to 450 °C.

[0083]

For the heat treatment, a rapid thermal annealing (RTA) apparatus can be used.

With the use of an RTA apparatus, the heat treatment can be performed at a temperature

of higher than or equal to the strain point of the substrate if the heating time is short.

Therefore, time to form an oxide semiconductor film in which the proportion of a

crystalline region is higher than that of an amorphous region can be shortened.

[0084]

The heat treatment can be performed in an inert gas atmosphere; typically, it is

preferably performed in a rare gas (such as helium, neon, argon, xenon, or krypton)

atmosphere or a nitrogen atmosphere. Alternatively, the heat treatment may be

performed in an oxygen atmosphere or a reduced pressure atmosphere. The heating

time is 3 minutes to 24 hours. As the treatment time is increased, the proportion of a

crystalline region with respect to that of an amorphous region in the oxide

semiconductor film can be increased. Note that heat treatment for longer than 24

hours is not preferable because the productivity is reduced.

[0085]

A method for forming the CAAC-OS film is not limited to the method

described in this embodiment.

[0086]

As described above, in the process for forming the oxide semiconductor film,

entry of impurities is suppressed as much as possible through control of the pressure of

the treatment chamber, leakage rate of the treatment chamber, and the like, whereby

entry of impurities such as hydrogen to be contained in the oxide insulating film and the

oxide semiconductor film can be reduced. In addition, diffusion of impurities such as

hydrogen from the oxide insulating film to the oxide semiconductor film can be reduced.



Hydrogen contained in the oxide semiconductor is reacted with oxygen bonded to a

metal atom to be water, and in addition, a defect is formed in a lattice from which

oxygen is detached (or a portion from which oxygen is detached).

[0087]

Thus, by reducing impurities as much as possible in the step of forming the

oxide semiconductor film, defects in the oxide semiconductor film can be reduced. As

described above, by using CAAC-OS that is highly purified through removal of the

impurities as much as possible for the channel region, the amount of change in threshold

voltage of the transistor before and after light irradiation or the BT stress test is small,

whereby the transistor can have stable electric characteristics.

[0088]

Note that a metal oxide which can be used for the oxide semiconductor film

has a band gap of greater than or equal to 2 eV, preferably greater than or equal to 2.5

eV, more preferably greater than or equal to 3 eV. In this manner, the off-state current

of the transistor can be reduced by using a metal oxide having a wide band gap.

[0089]

Next, the gate insulating film 112 and the gate electrode 114 are formed over

the oxide semiconductor film 140. The gate electrode 114 is formed in such a manner

than a conductive film is formed, a mask is formed over the conductive film, and the

conductive film is selectively etched with the use of the mask.

[0090]

The gate insulating film 112 may be formed with a single layer or a stack using,

for example, one or more of silicon oxide, silicon oxynitride, silicon nitride oxide,

silicon nitride, aluminum oxide, hafnium oxide, gallium oxide, and the like. For

example, the gate insulating film 112 may be formed by a thermal oxidation method, a

CVD method, a sputtering method, or the like. As the gate insulating film 112, a film

from which oxygen is released by heating may be used. By using a film from which

oxygen is released by heating as the gate insulating film 112, oxygen deficiency caused

in the oxide semiconductor can be reduced and deterioration in electric characteristics of

the transistor can be suppressed.

[0091]

When the gate insulating film 112 is formed using a high-k material such as



hafnium silicate (HfSiO ), hafnium silicate to which nitrogen is added (HfSi^OvN ),

hafnium aluminate to which nitrogen is added (HfAl O , hafnium oxide, or yttrium

oxide, gate leakage current can be reduced. Further, a stacked structure can be

employed, in which a high-k material and one or more of silicon oxide, silicon

oxynitride, silicon nitride, silicon nitride oxide, aluminum oxide, aluminum oxynitride,

and gallium oxide are stacked. For example, the thickness of the gate insulating film

112 is preferably greater than or equal to 1 nm and less than or equal to 300 nm, more

preferably greater than or equal to 5 nm and less than or equal to 50 nm.

[0092]

The gate electrode 114 can be formed using a metal element selected from

aluminum, chromium, copper, tantalum, titanium, molybdenum, and tungsten, an alloy

containing any of these metal elements as a component, an alloy containing any of these

metal elements in combination, or the like. Further, one or more metal elements

selected from manganese and zirconium may be used. Furthermore, the gate electrode

114 may have a single-layer structure or a stacked-layer structure of two or more layers.

For example, a single-layer structure of an aluminum film containing silicon, a

two-layer structure in which a titanium film is stacked over an aluminum film, a

two-layer structure in which a titanium film is stacked over a titanium nitride film, a

two-layer structure in which a tungsten film is stacked over a titanium nitride film, a

two-layer structure in which a tungsten film is stacked over a tantalum nitride film, a

three-layer structure in which a titanium film, an aluminum film, and a titanium film are

stacked in this order, and the like can be given.

[0093]

Alternatively, a light-transmitting conductive material such as indium tin oxide,

indium oxide containing tungsten oxide, indium zinc oxide containing tungsten oxide,

indium oxide containing titanium oxide, indium tin oxide containing titanium oxide,

indium zinc oxide, or indium tin oxide to which silicon oxide is added, can be used as

the gate electrode 114. It is also possible to have a stacked-layer structure formed

using the above light-transmitting conductive material and the above metal element.

[0094]

As a material layer in contact with the gate insulating film 112, an In-Ga-Zn-0

film containing nitrogen, an In-Sn-0 film containing nitrogen, an In-Ga-0 film



containing nitrogen, an In-Zn-0 film containing nitrogen, a Sn-0 film containing

nitrogen, an In-0 film containing nitrogen, or a film of a metal nitride (such as InN or

ZnN) is preferably provided between the gate electrode 114 and the gate insulating film

112. These films each have a work function of higher than or equal to 5 eV, preferably

higher than or equal to 5.5 eV; thus, the threshold voltage in the electric characteristics

of the transistor can be positive. Accordingly, a so-called normally-off switching

element can be obtained. For example, in the case of using an In-Ga-Zn-0 film

containing nitrogen, an In-Ga-Zn-0 film having a nitrogen concentration of higher than

that of at least the oxide semiconductor film 140, specifically, an In-Ga-Zn-0 film

having a nitrogen concentration of higher than or equal to 7 at.% is used.

[0095]

Next, as illustrated in FIG. 2B, ions 150 are added to the oxide semiconductor

film 140.

[0096]

As a method for adding the ions 150 to the oxide semiconductor film 140, an

ion doping method or an ion implantation method can be used. As the ions 150 to be

added, at least one kind of element selected from Group 15 elements such as nitrogen,

phosphorus, and arsenic can be used. By adding the ions 150 as illustrated in FIG. 2B,

since the gate electrode 114 serves as a mask, the second oxide semiconductor regions

122 to which the ions 150 are added and the first oxide semiconductor region 126 to

which the ions 150 are not added are formed in a self-aligned manner (see FIG. 2C).

[0097]

In the second oxide semiconductor regions 122 to which the ions 150 are added,

crystallinity is decreased owing to damage caused by addition of the ions; thus, the

second oxide semiconductor regions 122 are amorphous regions. By adjusting the

conditions for adding the ions such as the amount of the ions to be added, damage to the

oxide semiconductor can be reduced, so that the second oxide semiconductor regions

122 which are not completely amorphous regions can be obtained. In that case, in the

second oxide semiconductor regions 122, the proportion of an amorphous region is at

least larger than that in the first oxide semiconductor region 126.

[0098]

Although the ions 150 are added to the oxide semiconductor film 140 while the



insulating film or the like covers the oxide semiconductor film 140 in the above

example, the ions 150 may be added while the oxide semiconductor film 140 is

exposed.

[0099]

Other than an ion doping method, an ion implantation method, or the like, the

ions 150 can be added to the oxide semiconductor film by a method in which ions are

not implanted. For example, the ions can be added in the following manner: plasma is

generated in an atmosphere of a gas containing an element to be added and plasma

treatment is performed on an object to which the ions are added. A dry etching

apparatus, a plasma CVD apparatus, a high-density plasma CVD apparatus, or the like

can be used to generate the plasma.

[0100]

In addition, heat treatment may be performed after the ions 150 are added.

The heat treatment is preferably performed at a temperature at which the second oxide

semiconductor regions 122 are not crystallized.

[0101]

Next, as illustrated in FIG. 2D, the interlayer insulating film 124 is formed over

the gate insulating film 112 and the gate electrode 114, and the contact holes 130 are

provided in the interlayer insulating film 124. The wirings 116 connected to the pair

of second oxide semiconductor regions 122 through the contact holes 130 are formed.

[0102]

The interlayer insulating film 124 may be formed with a single layer or a stack

using one or more of silicon oxide, silicon oxynitride, silicon nitride oxide, silicon

nitride, aluminum oxide, and aluminum nitride by a sputtering method, a CVD method,

or the like. At this time, it is preferable to use a material from which oxygen is less

likely to be released by heating. This is for prevention against a decrease in the

conductivity of the pair of second oxide semiconductor regions 122. Specifically, the

interlayer insulating film 124 may be formed by a CVD method with the use of a

mixture which contains a silane gas as a main material and a proper source gas selected

from a nitrogen oxide gas, a nitrogen gas, a hydrogen gas, and a rare gas. In addition,

the substrate temperature may be higher than or equal to 300 °C and lower than or equal



to 550 °C. By using a CVD method, the interlayer insulating film 124 can be formed

using a material from which oxygen is less likely to be released by heating. Moreover,

by using a silane gas as a main material, hydrogen remains in the film and diffusion of

the hydrogen occurs; accordingly, the conductivity of the pair of second oxide

semiconductor regions 122 can be further increased. The concentration of hydrogen in

the interlayer insulating film 124 may be higher than or equal to 0.1 at.% and lower than

or equal to 25 at.%.

[0103]

The wirings 116 may be formed using a material similar to that for the gate

electrode 114.

[0104]

Through the above steps, a highly reliable transistor which includes an oxide

semiconductor and has favorable electric characteristics even when the transistor is

miniaturized and its channel length is reduced can be manufactured.

[0105]

This embodiment can be combined with any of other embodiments as

appropriate.

[0106]

(Embodiment 2)

In this embodiment, an example of a transistor which is different from the

transistor described in Embodiment 1 will be described with reference to FIG. 3 and

FIGS. 4A to 4D.

[0107]

A transistor 152 illustrated in FIG 3 includes a base insulating film 102 over a

substrate 100, source and drain electrodes 216 over the base insulating film 102, an

oxide semiconductor film 290 over the base insulating film 102 which includes a first

oxide semiconductor region 226 and a pair of second oxide semiconductor regions 222

connected to the source and drain electrodes 216, a gate insulating film 212 over the

oxide semiconductor film 290, a gate electrode 214 over the gate insulating film 212,

and an interlayer insulating film 224 over the gate insulating film 212 and the gate

electrode 214.



[0108]

The channel length of the transistor is determined by the distance between the

pair of second oxide semiconductor regions 222. The channel length is preferably

equal to the width of the gate electrode 214 because the pair of second oxide

semiconductor regions 222 and the gate electrode 214 do not overlap with each other in

that case; however, the channel length does not need to be equal to the width of the gate

electrode 214. For example, when the width of the gate electrode 214 is smaller than

the channel length, a short-channel effect can be reduced owing to an effect of relieving

concentration of an electric field.

[0109]

<Example of Method for Manufacturing Transistor>

Next, a method for manufacturing the transistor illustrated in FIG. 3 will be

described with reference to FIGS. 4Ato 4D.

[0110]

As illustrated in FIG. 4A, the base insulating film 102 is formed over the

substrate 100.

[0111]

Next, the source and drain electrodes 216 are formed over the base insulating

film 102, and then, an oxide semiconductor film 240 is formed over the base insulating

film 102 and the source and drain electrodes 216. The oxide semiconductor film 240

can be formed in a manner similar to that of the oxide semiconductor film 140 in

Embodiment 1.

[0112]

Next, the gate insulating film 212 is formed to cover the source and drain

electrodes 216 and the oxide semiconductor film 240, and then, the gate electrode 214 is

formed over the gate insulating film 212.

[0113]

Next, as illustrated in FIG 4B, ions 150 are added to the oxide semiconductor

film 240. The ions 150 can be added in a manner similar to that in Embodiment 1.

By adding the ions 150 using the gate electrode 214 as a mask, the second oxide

semiconductor regions 222 to which the ions 150 are added and the first oxide

semiconductor region 226 to which the ions 150 are not added can be formed in a



self-aligned manner (see FIG. 4C).

[0114]

Although the ions 150 are added to the oxide semiconductor film 240 while the

insulating film or the like is formed so as to cover the oxide semiconductor film 240 in

the above example, the ions 150 may be added while the oxide semiconductor film 240

is exposed.

[0115]

Heat treatment may be performed after the ions 150 are added. The heat

treatment is preferably performed at a temperature at which the second oxide

semiconductor regions 222 are not crystallized.

[0116]

Next, as illustrated in FIG. 4D, the interlayer insulating film 224 is formed over

the gate insulating film 212 and the gate electrode 214. Although not illustrated,

contact holes may be provided in the interlayer insulating film 224 and wirings

connected to the source and drain electrodes 216 through the contact holes may be

formed.

[0117]

Through the above steps, a highly reliable transistor which includes an oxide

semiconductor and has favorable electric characteristics even when the transistor is

miniaturized and its channel length is reduced can be manufactured.

[0118]

This embodiment can be combined with any of other embodiments as

appropriate.

[0119]

(Embodiment 3)

In this embodiment, an example of a transistor which is different from the

transistors described in Embodiments 1 and 2 will be described with reference to FIG 5

and FIGS. 6Ato 6D.

[0120]

A transistor 153 illustrated in FIG. 5 includes a substrate 100 having an

insulating surface, a gate electrode 314 over the substrate 100, a gate insulating film 312

over the gate electrode 314, an oxide semiconductor film 390 which is provided over



the gate electrode 314 with the gate insulating film 312 interposed therebetween and

includes a first oxide semiconductor region 326 and a pair of second oxide

semiconductor regions 322, an insulating film 319 which is provided over and to

overlap with the first oxide semiconductor region 326, source and drain electrodes 316

connected to the pair of second oxide semiconductor regions 322, and an interlayer

insulating film 324 over the insulating film 319 and the source and drain electrodes 316.

Note that a base insulating film 102 may be provided over the substrate 100.

[0121]

The channel length of the transistor is determined by the distance between the

pair of second oxide semiconductor regions 322. The channel length is preferably

equal to the width of the gate electrode 314 because the pair of second oxide

semiconductor regions 322 and the gate electrode 314 do not overlap with each other;

however, the channel length does not need to be equal to the width of the gate electrode

314. For example, when the width of the gate electrode 314 is smaller than the

channel length, a short-channel effect can be reduced owing to an effect of relieving

concentration of an electric field.

[0122]

<Example of Method for Manufacturing Transistor>

Next, a method for manufacturing the transistor illustrated in FIG. 5 will be

described with reference to FIGS. 6A to 6D.

[0123]

As illustrated in FIG. 6A, the base insulating film 102 is formed over the

substrate 100.

[0124]

Next, the gate electrode 314 is formed over the base insulating film 102, and

the gate insulating film 312 is formed to cover the gate electrode 314.

[0125]

Then, an oxide semiconductor film 340 is formed over the gate insulating film

312. The oxide semiconductor film 340 can be formed in a manner similar to that of

the oxide semiconductor film 140 in Embodiment 1. After that, the insulating film 319

is formed over the oxide semiconductor film 340 to overlap with the gate electrode 314.

[0126]



Next, as illustrated in FIG. 6B, ions 150 are added to the oxide semiconductor

film 340. The ions 150 can be added in a manner similar to that in Embodiment 1.

By adding the ions 150 using the insulating film 319 as a mask, the second oxide

semiconductor regions 322 to which the ions 150 are added and the first oxide

semiconductor region 326 to which the ions 150 are not added can be formed in a

self-aligned manner. Then, the source and drain electrodes 316 are formed over the

second oxide semiconductor regions 322 (see FIG. 6C).

[0127]

Heat treatment may be performed after the ions 150 are added. The heat

treatment is preferably performed at a temperature at which the second oxide

semiconductor regions 322 are not crystallized.

[0128]

Next, as illustrated in FIG. 6D, the interlayer insulating film 324 is formed over

the insulating film 319, the second oxide semiconductor regions 322, and the source and

drain electrodes 316. Although not illustrated, contact holes may be formed in the

interlayer insulating film 324, and wirings connected to the source and drain electrodes

316 through the contact holes may be formed.

[0129]

Through the above steps, a highly reliable transistor which includes an oxide

semiconductor and has favorable electric characteristics even when the transistor is

miniaturized and its channel length is reduced can be manufactured.

[0130]

This embodiment can be combined with any of other embodiments as

appropriate.

[0131]

(Embodiment 4)

In this embodiment, a resistor including an oxide semiconductor to which ions

are added will be described with reference to FIGS. 7A and 7B.

[0132]

FIG. 7A illustrates a resistor 410. The resistor 410 includes a substrate 100

having an insulating surface, an oxide semiconductor film 401 which is provided over

the substrate 100, to which ions are added, and which is used for resistance, and



conductive films 403 provided in contact with the oxide semiconductor film 401. The

oxide semiconductor film 401 to which ions are added can be formed in a manner

similar to that of the second oxide semiconductor regions 222 described in Embodiment

2. The conductive films 403 can be formed using a material similar to that for the

source and drain electrodes 216. In addition, a base insulating film 102 is formed over

the substrate 100.

[0133]

FIG. 7B illustrates a resistor 420. The resistor 420 includes a substrate 100

having an insulating surface, an oxide semiconductor film 421 which is provided over

the substrate 100, to which ions are added, and which is used for resistance, an

insulating film 425 in contact with the oxide semiconductor film 421, and conductive

films 423 provided in contact with part of the insulating film 425 and part of the oxide

semiconductor film 421. The oxide semiconductor film 421 to which ions are added

can be formed in a manner similar to that of the second oxide semiconductor regions

222 described in Embodiment 2. The insulating film 425 can be formed using a

material similar to that for the gate insulating film 212. The conductive films 423 can

be formed using a material similar to that for the source and drain electrodes 216. By

forming the resistor 420 in this manner, the distance between the conductive films in the

resistor can be constant, and the resistance value of the resistor can be more precise. In

addition, a base insulating film 102 is formed over the substrate 100 in this

embodiment.

[0134]

(Embodiment 5)

In this embodiment, a method for forming an oxide semiconductor film which

is a CAAC-OS film, other than the method used in Embodiments 1 to 4, will be

described.

[0135]

First, a first oxide semiconductor film is formed in contact with an insulating

film over a substrate. The thickness of the first oxide semiconductor film is greater

than or equal to a thickness of one atomic layer and less than or equal to 10 nm,

preferably greater than or equal to 2 nm and less than or equal to 5 nm.

[0136]



When the first oxide semiconductor film is formed, the substrate temperature is

higher than or equal to 150 °C and lower than or equal to 450 °C, preferably higher than

or equal to 200 °C and lower than or equal to 350 °C. Accordingly, entry of impurities

such as moisture (including hydrogen) to be contained in the first oxide semiconductor

film can be reduced. Further, the crystallinity of the first oxide semiconductor film can

be improved, so that an oxide semiconductor film which is a CAAC-OS film can be

formed.

[0137]

After formation of the first oxide semiconductor film, first heat treatment may

be performed. Through the first heat treatment, moisture (including hydrogen) can be

removed from the first oxide semiconductor film, and the crystallinity thereof can be

further improved. By performing the first heat treatment, a CAAC-OS film with

higher crystallinity can be formed. The first heat treatment is performed at a

temperature of higher than or equal to 200 °C and lower than the strain point of the

substrate, preferably higher than or equal to 250 °C and lower than or equal to 450 °C.

[0138]

For the first heat treatment, a rapid thermal annealing (RTA) apparatus can be

used. With the use of an RTA apparatus, heat treatment can be performed at a

temperature of higher than or equal to the strain point of the substrate if the heating time

is short. Therefore, time to form an oxide semiconductor film in which the proportion

of a crystalline region is higher than that of an amorphous region can be shortened.

[0139]

The first heat treatment can be performed in an inert gas atmosphere; preferably,

in a rare gas (such as helium, neon, argon, xenon, or krypton) atmosphere or a nitrogen

atmosphere. Alternatively, the heat treatment may be performed in an oxygen

atmosphere or a reduced pressure atmosphere. The heating time is 3 minutes to 24

hours. As the treatment time is increased, the proportion of a crystalline region with

respect to that of an amorphous region in the oxide semiconductor film can be increased.

Note that heat treatment for longer than 24 hours is not preferable because the

productivity is reduced.

[0140]



Next, a second oxide semiconductor film is formed over the first oxide

semiconductor film, so that a stack of oxide semiconductors is formed. The second

oxide semiconductor film can be formed by a method similar to that for the first oxide

semiconductor film.

[0141]

When the substrate is heated while the second oxide semiconductor film is

formed, the second oxide semiconductor film can be crystallized with the use of the first

oxide semiconductor film as a seed crystal. At this time, to compose the first oxide

semiconductor film and the second oxide semiconductor film using the same kind of

element is referred to as "homoepitaxial growth". Alternatively, to compose the first

oxide semiconductor film and the second oxide semiconductor film using elements, at

least one kind of which differs between the first oxide semiconductor film and the

second oxide semiconductor film, is referred to as "heteroepitaxial growth".

[0142]

After formation of the second oxide semiconductor film, second heat treatment

may be performed. The second heat treatment may be performed in a manner similar

to that of the first heat treatment. With the second heat treatment, a stack of oxide

semiconductors in which the proportion of a crystalline region with respect to an

amorphous region is high can be obtained. Further, with the second heat treatment, the

second oxide semiconductor film can be crystallized with the use of the first oxide

semiconductor film as a seed crystal. At this time, "homoepitaxial growth" in which

the first oxide semiconductor film and the second oxide semiconductor film are

composed of the same element may be caused. Alternatively, "heteroepitaxial growth"

in which the first oxide semiconductor film and the second oxide semiconductor film

are composed of elements, at least one kind of which differs between the first oxide

semiconductor film and the second oxide semiconductor film, may be caused.

[0143]

Through the above steps, an oxide semiconductor film which is a CAAC-OS

film can be formed.

[0144]

(Embodiment 6)

In this embodiment, an influence on the electric characteristics of the transistor



including an oxide semiconductor film described in any of Embodiments 1 to 3 will be

described with reference to band diagrams.

[0145]

FIGS. 9A and 9B are energy band diagrams (schematic diagrams) of cross

section A-B of a transistor illustrated in FIG. 8. FIG. 8 illustrates a structure that is the

same as or similar to that in FIG. 3 of Embodiment 2. FIG. 9B shows the case where a

voltage of a source and a voltage of a drain are equal to each other (Vd = 0V). FIG. 8

illustrates the transistor provided with an oxide semiconductor film including a first

oxide semiconductor region (OSl) and a pair of second oxide semiconductor regions

(OS2) and source and drain electrodes (metal).

[0146]

In FIG. 8, a channel of the transistor is formed using OSl. OSl is an oxide

semiconductor which is made to be intrinsic (i-type) or as close to intrinsic as possible

by highly purifying the film through removal or elimination of impurities such as

moisture (including hydrogen) as much as possible. Thus, the Fermi level (Ef) can be

the same as the intrinsic Fermi level (Ei).

[0147]

In addition, in FIG. 8, a source region and a drain region of the transistor are

formed using the pair of OS2. OS2 is formed in such a manner that an oxide

semiconductor is made to be intrinsic (i-type) or as close to intrinsic as possible as in

the case of OSl by highly purifying the film through removal or elimination of

impurities such as moisture (including hydrogen) as much as possible, and after that,

ions of at least one kind of element selected from Group 15 elements such as nitrogen,

phosphorus, and arsenic are added to the oxide semiconductor. OS2 has thus higher

carrier density than OSl and the position of its Fermi level is close to the conduction

band.

[0148]

FIG 9A shows a relation of band structures of the vacuum level (Evac), the

first oxide semiconductor region (OSl), the second oxide semiconductor region (OS2),

and the source and drain electrodes (metal). Here, IP represents the ionization

potential; Ea, the electron affinity; Eg, the band gap; and Wf, the work function. In

addition, Ec represents the bottom of the conduction band; Ev, the top of the valence



band; and Ef, the Fermi level. As for a sign at the end of each symbol, 1 denotes OS1;

2, OS 2; and m, metal. Here, a metal material having Wf m of 4.1 eV (such as

titanium) is assumed as the metal.

[0149]

OS1 is a highly purified oxide semiconductor and thus has extremely low

carrier density; therefore, Ef l is around the middle point between Ec and Ev. OS2 is

an n-type oxide semiconductor having high carrier density, and thus Ec_2 substantially

corresponds to Ef_2.

[0150]

It is said that the band gap (Eg) of the oxide semiconductor denoted by OS1 is

3.15 eV and the electron affinity (Ea) thereof is 4.3 eV. The band gap (Eg) of the

oxide semiconductor denoted by OS2 can be smaller than 3.15 by controlling the

amount of ions to be added. In that case, the ionization potential hardly changes; as a

result, the electron affinity is increased. FIG. 9A shows the case where Eg in OS2 is

smaller than that in OS1 (that is, Eg l > Eg_2).

[0151]

As shown in FIG. 9B, in the case where OS1 that is the channel and OS2 that is

the source or drain region are in contact with each other, transfer of carriers occurs so

that the Fermi levels can be equal to each other; thus, the band edge of OS1 curves.

Further, in the case where OS2 is in contact with the metal that is the source or drain

electrode, transfer of carriers occurs so that the Fermi levels can be equal to each other;

thus, the band edge of OS2 curves.

[0152]

By forming OS2 that is an n-type oxide semiconductor between OS1 that is the

channel and the metal that is the source or drain electrode, contact between the oxide

semiconductor and the metal can be an ohmic junction, and contact resistance can be

reduced. As a result, the on-state current of the transistor can be increased.

Furthermore, the degree of the curve of the band edge can be small as for OS1, so that a

short-channel effect of the transistor can be reduced.

[0153]

(Embodiment 7)



An example of a circuit diagram of a memory element (hereinafter also referred

to as a memory cell) included in a semiconductor device is illustrated in FIG. 10A.

The memory cell includes a transistor 1160 in which a channel formation region is

formed using a material other than an oxide semiconductor and a transistor 1162 in

which a channel formation region is formed using an oxide semiconductor.

[0154]

The transistor 1162 in which the channel formation region is formed using an

oxide semiconductor can be manufactured in accordance with Embodiments 1 and 2.

[0155]

As illustrated in FIG. 10A, a gate electrode of the transistor 1160 is electrically

connected to one of a source electrode and a drain electrode of the transistor 1162. A

first wiring (a 1st line, also referred to as a source line) is electrically connected to a

source electrode of the transistor 1160. A second wiring (a 2nd line, also referred to as

a bit line) is electrically connected to a drain electrode of the transistor 1160. A third

wiring (a 3rd line, also referred to as a first signal line) is electrically connected to the

other of the source electrode and the drain electrode of the transistor 1162. A fourth

wiring (a 4th line, also referred to as a second signal line) is electrically connected to a

gate electrode of the transistor 1162.

[0156]

The transistor 1160 in which the channel formation region is formed using a

material other than an oxide semiconductor, e.g., single crystal silicon can operate at

sufficiently high speed. Therefore, with the use of the transistor 1160, high-speed

reading of stored contents and the like are possible. The transistor 1162 in which the

channel formation region is formed using an oxide semiconductor is characterized by its

off-state current which is smaller than the off-state current of the transistor 1160.

Therefore, when the transistor 1162 is turned off, a potential of the gate electrode of the

transistor 1160 can be held for a very long time.

[0157]

By utilizing a characteristic in which the potential of the gate electrode of the

transistor 1160 can be held, writing, holding, and reading of data are possible as

described below.

[0158]



First, writing and holding of data are described. First, a potential of the fourth

wiring is set to a potential at which the transistor 1162 is turned on, so that the transistor

1162 is turned on. Thus, a potential of the third wiring is supplied to the gate electrode

of the transistor 1160 (writing). After that, the potential of the fourth wiring is set to a

potential at which the transistor 1162 is turned off, so that the transistor 1162 is turned

off, and thus, the potential of the gate electrode of the transistor 1160 is held (holding).

[0159]

Since the off-state current of the transistor 1162 is smaller than the off-state

current of the transistor 1160, the potential of the gate electrode of the transistor 1160 is

held for a long time. For example, when the potential of the gate electrode of the

transistor 1160 is a potential at which the transistor 1160 is in an on state, the on state of

the transistor 1160 is held for a long time. In addition, when the potential of the gate

electrode of the transistor 1160 is a potential at which the transistor 1160 is an off state,

the off state of the transistor 1160 is held for a long time.

[0160]

Then, reading of data is described. When a predetermined potential (a low

potential) is supplied to the first wiring in a state where the on state or the off state of

the transistor 1160 is held as described above, a potential of the second wiring varies

depending on the on state or the off state of the transistor 1160. For example, when the

transistor 1160 is in the on state, the potential of the second wiring becomes lower than

the potential of the first wiring. On the other hand, when the transistor 1160 is in the

off state, the potential of the second wiring does not vary.

[0161]

In such a manner, the potential of the second wiring and a predetermined

potential are compared with each other in a state where data is held, whereby the data

can be read out.

[0162]

Then, rewriting of data is described. Rewriting of data is performed in a

manner similar to that of the writing and holding of data. That is, the potential of the

fourth wiring is set to a potential at which the transistor 1162 is turned on, so that the

transistor 1162 is turned on. Thus, the potential of the third wiring (a potential for new

data) is supplied to the gate electrode of the transistor 1160. After that, the potential of



the fourth wiring is set to a potential at which the transistor 1162 is turned off, so that

the transistor 1162 is turned off, and thus, the new data is held.

[0163]

In the memory cell according to the disclosed invention, data can be directly

rewritten by another writing of data as described above. For that reason, an erasing

operation which is necessary for a flash memory or the like is not needed, so that a

reduction in operation speed because of an erasing operation can be suppressed. In

other words, a high-speed operation of the semiconductor device including the memory

cell can be realized.

[0164]

FIG. 10B is a circuit diagram illustrating an application example of the memory

cell illustrated in FIG. 10A.

[0165]

A memory cell 1100 illustrated in FIG. 10B includes a first wiring SL (a source

line), a second wiring BL (a bit line), a third wiring SI (a first signal line), a fourth

wiring S2 (a second signal line), a fifth wiring WL (a word line), a transistor 1164 (a

first transistor), a transistor 1161 (a second transistor), and a transistor 1163 (a third

transistor). In each of the transistors 1164 and 1163, a channel formation region is

formed using a material other than an oxide semiconductor, and in the transistor 1161, a

channel formation region is formed using an oxide semiconductor.

[0166]

Here, a gate electrode of the transistor 1164 is electrically connected to one of a

source electrode and a drain electrode of the transistor 1161. In addition, the first

wiring SL is electrically connected to a source electrode of the transistor 1164, and a

drain electrode of the transistor 1164 is electrically connected to a source electrode of

the transistor 1163. The second wiring BL is electrically connected to a drain

electrode of the transistor 1163, and the third wiring SI is electrically connected to the

other of the source electrode and the drain electrode of the transistor 1161. The fourth

wiring S2 is electrically connected to a gate electrode of the transistor 1161, and the

fifth wiring WL is electrically connected to a gate electrode of the transistor 1163.

[0167]

Next, an operation of the circuit is specifically described.



[0168]

When data is written into the memory cell 1100, the first wiring SL is set to 0 V,

the fifth wiring WL is set to 0 V, the second wiring BL is set to 0 V, and the fourth

wiring S2 is set to 2 V. The third wiring SI is set to 2 V in order to write data "1" and

set to 0 V in order to write data "0". At this time, the transistor 1163 is in an off state

and the transistor 1161 is in an on state. Note that at the end of the writing, before the

potential of the third wiring SI is changed, the fourth wiring S2 is set to 0 V so that the

transistor 1161 is turned off.

[0169]

As a result, a potential of a node (referred to as a node A) connected to the gate

electrode of the transistor 1164 is set to approximately 2 V after the writing of the data

"1" and set to approximately 0 V after the writing of the data "0". Electric charge

corresponding to a potential of the third wiring SI is accumulated at the node A; since

the off-state current of the transistor 1161 is smaller than that of a transistor in which a

channel formation region is formed using single crystal silicon, the potential of the gate

electrode of the transistor 1164 is held for a long time.

[0170]

When data is read from the memory cell, the first wiring SL is set to 0 V, the

fifth wiring WL is set to 2 V, the fourth wiring S2 and the third wiring SI are set to 0 V,

and a reading circuit connected to the second wiring BL is operated. At this time, the

transistor 1163 is in an on state and the transistor 1161 is in an off state.

[0171]

The transistor 1164 is in an off state in the case of the data "0", that is, where

the node A is set to approximately 0 V, so that the resistance between the second wiring

BL and the first wiring SL is high. On the other hand, the transistor 1164 is in an on

state in the case of the data "1", that is, where the node A is set to approximately 2 V, so

that the resistance between the second wiring BL and the first wiring SL is low. A

reading circuit can read the data "0" or the data "1" in accordance with the difference in

resistance state of the memory cell. The second wiring BL at the time of the writing is

set to 0 V; however, it may be in a floating state or may be charged to have a potential

higher than 0 V. The third wiring SI at the time of the reading is set to 0 V; however, it

may be in a floating state or may be charged to have a potential higher than 0 V.



[0172]

Note that the data "1" and the data "0" are defined for convenience and can be

reversed. In addition, the above operation voltages are examples. The operation

voltages are set so that the transistor 1164 is turned off in the case of data "0" and turned

on in the case of data "1", the transistor 1161 is turned on at the time of writing and

turned off in periods except the time of writing, and the transistor 1163 is turned on at

the time of reading. In particular, a power supply potential VDD of a peripheral logic

circuit may also be used instead of 2 V.

[0173]

In this embodiment, the memory cell with a minimum storage unit (one bit) is

described for easy understanding; however, the structure of the memory cell is not

limited thereto. It is also possible to make a more developed semiconductor device

with a plurality of memory cells connected to each other as appropriate. For example,

it is possible to make a NAND-type or NOR-type semiconductor device by using more

than one of the above memory cells. The wiring structure is not limited to that in FIG.

10A or 10B and can be changed as appropriate.

[0174]

FIG 11 is a block circuit diagram of a semiconductor device according to an

embodiment of the present invention. The semiconductor device includes m x n bits of

memory capacity.

[0175]

The semiconductor device illustrated in FIG 11 includes m fourth wirings, m

fifth wirings, n second wirings, n third wirings, a memory cell array 1110 in which a

plurality of memory cells 1100(1,1) to 1100(m,«) are arranged in a matrix of m rows by

n columns (m and n are each a natural number), and peripheral circuits such as a circuit

1111 for driving the second wirings and the third wirings, a circuit 1113 for driving the

fourth wirings and the fifth wirings, and a reading circuit 1112. A refresh circuit or the

like may be provided as another peripheral circuit.

[0176]

A memory cell 1100(i ) is considered as a typical example of the memory cell.

Here, the memory cell HOO(iJ ) (i is an integer of greater than or equal to 1 and less than

or equal to m and is an integer of greater than or equal to 1 and less than or equal to n)



is connected to a second wiring BL( ), a third wiring Sl(j), a fourth wiring S2(z), a fifth

wiring W L( "), and a first wiring. A first wiring potential Vs is supplied to the first

wiring. The second wirings BL(1) to BL(n) and the third wirings Sl(l) to Sl(n) are

connected to the circuit 1111 for driving the second wirings and the third wirings and

the reading circuit 1112. The fifth wirings WL(1) to WL(m) and the fourth wirings

S2(l) to S2(m) are connected to the circuit 1113 for driving the fourth wirings and the

fifth wirings.

[0177]

The operation of the semiconductor device illustrated in FIG. 11 is described.

In this structure, data is written and read per row.

[0178]

When data is written into memory cells 1100(/,1) to 1100(z ,n) of an z'-th row,

the first wiring potential Vs is set to 0 V, a fifth wiring WL(z) and the second wirings

BL(1) to BL(«) are set to 0 V, and a fourth wiring S2(z) is set to 2 V. At this time, the

transistors 1161 are turned on. Among the third wirings Sl(l) to Sl(«), the third

wiring in a column in which data "1" is to be written is set to 2 V and the third wiring in

a column in which data "0" is to be written is set to 0 V. Note that, to finish writing,

the fourth wiring S2(z) is set to 0 V before the potentials of the third wirings Sl(l) to

Sl(«) are changed, so that the transistors 1161 are turned off. Moreover, a

non-selected fifth wiring WL and a non-selected fourth wiring S2 are set to 0 V.

[0179]

As a result, the potential of the node (referred to as the node A) connected to

the gate electrode of the transistor 1164 in the memory cell into which data "1" has been

written is set to approximately 2 V, and the potential of the node A in the memory cell

into which data "0" has been written is set to approximately 0 V. The potential of the

node A of the non-selected memory cell is not changed.

[0180]

When data is read from the memory cells 1100(z',l) to ΙΙΟΟ(ζ,η) of the z'-th row,

the first wiring potential Vs is set to 0 V, the fifth wiring WL(z) is set to 2 V, the fourth

wiring S2(z) and the third wirings Sl(l) to Sl(n) are set to 0 V, and the reading circuit

connected to the second wirings BL(1) to BL(«) is operated. The reading circuit can

read data "0" or data "1" in accordance with the difference in resistance state of the



memory cell, for example. Note that the non-selected fifth wiring WL and the

non-selected fourth wiring are set to 0 V. The second wiring BL at the time of the

writing is set to 0 V; however, it may be in a floating state or may be charged to have a

potential higher than 0 V. The third wiring SI at the time of the reading is set to 0 V;

however, it may be in a floating state or may be charged to have a potential higher than

0 V.

[0181]

Note that the data "1" and the data "0" are defined for convenience and can be

reversed. In addition, the above operation voltages are examples. The operation

voltages are set so that the transistor 1164 is turned off in the case of data "0" and turned

on in the case of data "1", the transistor 1161 is turned on at the time of writing and

turned off in periods except the time of writing, and the transistor 1163 is turned on at

the time of reading. A power supply potential VDD of a peripheral logic circuit may

also be used instead of 2 V.

[0182]

(Embodiment 8)

In this embodiment, an example of a circuit diagram of a memory cell

including a capacitor will be described. A memory cell 1170 illustrated in FIG. 12A

includes a first wiring SL, a second wiring BL, a third wiring SI, a fourth wiring S2, a

fifth wiring WL, a transistor 1171 (a first transistor), a transistor 1172 (a second

transistor), and a capacitor 1173. In the transistor 1171, a channel formation region is

formed using a material other than an oxide semiconductor, and in the transistor 1172, a

channel formation region is formed using an oxide semiconductor.

[0183]

Here, a gate electrode of the transistor 1171, one of a source electrode and a

drain electrode of the transistor 1172, and one electrode of the capacitor 1173 are

electrically connected to each other. In addition, the first wiring SL is electrically

connected to a source electrode of the transistor 1171. The second wiring BL is

electrically connected to a drain electrode of the transistor 1171. The third wiring SI

is electrically connected to the other of the source electrode and the drain electrode of

the transistor 1172. The fourth wiring S2 is electrically connected to a gate electrode

of the transistor 1172. The fifth wiring WL is electrically connected to the other



electrode of the capacitor 1173.

[0184]

Next, an operation of the circuit will be specifically described.

[0185]

When data is written into the memory cell 1170, the first wiring SL is set to 0 V,

the fifth wiring WL is set to 0 V, the second wiring BL is set to 0 V, and the fourth

wiring S2 is set to 2 V. The third wiring SI is set to 2 V in order to write data "1" and

set to 0 V in order to write data "0". At this time, the transistor 1172 is turned on.

Note that, to finish writing, the fourth wiring S2 is supplied with 0 V before the

potential of the third wiring SI is changed, so that the transistor 1172 is turned off.

[0186]

As a result, the potential of a node (referred to as a node A) connected to the

gate electrode of the transistor 1171 is set to approximately 2 V after the writing of the

data "1" and is set to approximately 0 V after the writing of the data "0".

[0187]

When data is read from the memory cell 1170, the first wiring SL is set to 0 V,

the fifth wiring WL is set to 2 V, the fourth wiring S2 is set to 0 V, the third wiring SI is

set to 0 V, and a reading circuit connected to the second wiring BL is operated. At this

time, the transistor 1172 is turned off.

[0188]

The state of the transistor 1171 in the case where the fifth wiring WL is set to 2

V will be described. The potential of the node A which determines the state of the

transistor 1171 depends on capacitance CI between the fifth wiring WL and the node A,

and capacitance C2 between the gate electrode of the transistor 1171 and the source and

drain electrodes of the transistor 1171.

[0189]

Note that the third wiring SI at the time of reading is set to 0 V; however, the

third wiring SI may be in a floating state or may be charged to have a potential higher

than 0 V. The data "1" and the data "0" are defined for convenience and may be

reversed.

[0190]

The potential of the third wiring SI at the time of writing may be selected from



the potentials of the data "0" and the data "1" so that the transistor 1172 is turned off

after the writing and the transistor 1171 is turned off in the case where the potential of

the fifth wiring WL is set to 0 V. The potential of the fifth wiring WL at the time of

reading may be selected so that the transistor 1171 is turned off in the case of the data

"0" and is turned on in the case of the data "1". Furthermore, the threshold voltage of

the transistor 1171 is an example. The transistor 1171 can have any threshold voltage

as long as the transistor 1171 operates in the above-described manner.

[0191]

An example of a NOR-type semiconductor memory device in which a memory

cell including a capacitor and a selection transistor having a first gate electrode and a

second gate electrode is used will be described with reference to FIG. 12B.

[0192]

A semiconductor device illustrated in FIG. 12B according to an embodiment of

the present invention includes a memory cell array including a plurality of memory cells

arranged in a matrix of rows ( is a natural number of greater than or equal to 2) by j

columns (j is a natural number).

[0193]

The memory cell array illustrated in FIG. 12B includes a plurality of memory

cells 1180 arranged in a matrix of rows ( is a natural number of greater than or equal

to 3) by j columns (j is a natural number of greater than or equal to 3), i word lines WL

(word lines WL l to WL ), i capacitor lines CL (capacitor lines CL l to CL_«), i gate

lines BGL (gate lines BGL l to BGLJ), j bit lines BL (bit lines BL 1 to BLJ), and a

source line SL.

[0194]

Further, each of the plurality of memory cells 1180 (also referred to as a

memory cell 1180( ,N) (note that N is a natural number of greater than or equal to 1

and less than or equal to j and M is a natural number of greater than or equal to 1 and

less than or equal to )) includes a transistor 1181( ,N), a capacitor 1183( V), and a

transistor 1182( V) .

[0195]

Note that in the semiconductor memory device, the capacitor includes a first



capacitor electrode, a second capacitor electrode, and a dielectric layer overlapping with

the first capacitor electrode and the second capacitor electrode. Electric charge is

accumulated in the capacitor in accordance with a voltage applied between the first

capacitor electrode and the second capacitor electrode.

[0196]

The transistor 1181( ,N) is an n-channel transistor which has a source

electrode, a drain electrode, a first gate electrode, and a second gate electrode. Note

that in the semiconductor memory device in this embodiment, the transistor 1181 is not

necessarily an n-channel transistor.

[0197]

One of the source electrode and the drain electrode of the transistor 1181( N)

is connected to the bit line BL V. The first gate electrode of the transistor 1181( , V)

is connected to the word line WL_M. The second gate electrode of the transistor

1181(M^V) is connected to the gate line BGL . With the structure in which the one

of the source electrode and the drain electrode of the transistor 1181( N) is connected

to the bit line BLJV, data can be selectively read from the memory cells.

[0198]

The transistor 1181(A ,N) serves as a selection transistor in the memory cell

1180(M^V).

[0199]

As the transistor 1181( ,N), a transistor in which a channel formation region is

formed using an oxide semiconductor can be used.

[0200]

The transistor 1182( V) is a p-channel transistor. Note that in the

semiconductor memory device in this embodiment, the transistor 1182 is not necessarily

a p-channel transistor.

[0201]

One of a source electrode and a drain electrode of the transistor 1182( V) is

connected to the source line SL. The other of the source electrode and the drain

electrode of the transistor 1182( V) is connected to the bit line BL N . A gate

electrode of the transistor 1182( V) is connected to the other of the source electrode



and the drain electrode of the transistor 1181(M^V).

[0202]

The transistor 1182( ,N ) serves as an output transistor in the memory cell

1180( ,N ) . A s the transistor 1182( , V) , for example, a transistor in which a channel

formation region is formed using single crystal silicon can be used.

[0203]

A first capacitor electrode of the capacitor 1183( V) is connected to the

capacitor line CL_ . A second capacitor electrode of the capacitor 1183( N) is

connected to the other of the source electrode and the drain electrode of the transistor

1181(M^V). Note that the capacitor 1183( V) serves as a storage capacitor.

[0204]

The voltage of the word lines WL l to WL is controlled by, for example, a

driver circuit including a decoder.

[0205]

The voltage of the bit lines BL l to BLJ is controlled by, for example, a driver

circuit including a decoder.

[0206]

The voltage of the capacitor lines CL l to CL_ is controlled by, for example, a

driver circuit including a decoder.

[0207]

The voltage of the gate lines BGL 1 to BGL_* is controlled by, for example, a

gate line driver circuit.

[0208]

The gate line driver circuit is formed using a circuit which includes a diode and

a capacitor whose first capacitor electrode is electrically connected to an anode of the

diode and the gate line BGL, for example.

[0209]

By adjustment of the voltage of the second gate electrode of the transistor 1181,

the threshold voltage of the transistor 1181 can be adjusted. Accordingly, by

adjustment of the threshold voltage of the transistor 1181 functioning as a selection

transistor, current flowing between the source electrode and the drain electrode of the



transistor 1181 in an off state can be extremely small. Thus, a data holding period in

the memory circuit can be longer. In addition, voltage necessary for writing and

reading data can be made lower than that of a conventional semiconductor device; thus,

power consumption can be reduced.

[0210]

(Embodiment 9)

In this embodiment, examples of a semiconductor device using the transistor

described in any of the above embodiments will be described with reference to FIGS.

13A and 13B.

[0211]

FIG. 13A illustrates an example of a semiconductor device whose structure

corresponds to that of a so-called dynamic random access memory (DRAM). A

memory cell array 1120 illustrated in FIG. 13A has a structure in which a plurality of

memory cells 1130 are arranged in a matrix. Further, the memory cell array 1120

includes m first wirings and n second wirings. Note that in this embodiment, the first

wiring and the second wiring are referred to as a bit line BL and a word line WL,

respectively.

[0212]

The memory cell 1130 includes a transistor 1131 and a capacitor 1132. A gate

electrode of the transistor 1131 is connected to the first wiring (the word line WL).

Further, one of a source electrode and a drain electrode of the transistor 1131 is

connected to the second wiring (the bit line BL). The other of the source electrode and

the drain electrode of the transistor 1131 is connected to one electrode of the capacitor.

The other electrode of the capacitor is connected to a capacitor line CL and is supplied

with a predetermined potential. The transistor described in any of the above

embodiments is applied to the transistor 1131.

[0213]

The transistor in which a channel formation region is formed using an oxide

semiconductor, which is described in any of the above embodiments, is characterized by

having smaller off-state current than a transistor in which a channel formation region is

formed using single crystal silicon. Accordingly, when the transistor is applied to the

semiconductor device illustrated in FIG. 13A, which is regarded as a so-called DRAM, a



substantially nonvolatile memory can be obtained.

[0214]

FIG. 13B illustrates an example of a semiconductor device whose structure

corresponds to that of a so-called static random access memory (SRAM). A memory

cell array 1140 illustrated in FIG. 13B can have a structure in which a plurality of

memory cells 1150 are arranged in a matrix. Further, the memory cell array 1140

includes a plurality of first wirings (word lines WL), a plurality of second wirings (bit

lines BL), and a plurality of third wirings (inverted bit lines /BL).

[0215]

The memory cell 1150 includes a first transistor 1151, a second transistor 1152,

a third transistor 1153, a fourth transistor 1154, a fifth transistor 1155, and a sixth

transistor 1156. The first transistor 1151 and the second transistor 1152 function as

selection transistors. One of the third transistor 1153 and the fourth transistor 1154 is

an n-channel transistor (here, the fourth transistor 1154 is an n-channel transistor), and

the other of the third transistor 1153 and the fourth transistor 1154 is a p-channel

transistor (here, the third transistor 1153 is a p-channel transistor). In other words, the

third transistor 1153 and the fourth transistor 1154 form a CMOS circuit. Similarly,

the fifth transistor 1155 and the sixth transistor 1156 form a CMOS circuit.

[0216]

The first transistor 1151, the second transistor 1152, the fourth transistor 1154,

and the sixth transistor 1156 are n-channel transistors and the transistor described in any

of the above embodiments can be applied to these transistors. Each of the third

transistor 1153 and the fifth transistor 1155 is a p-channel transistor in which a channel

formation region is formed using a material other than an oxide semiconductor (e.g.,

single crystal silicon).

[0217]

The structures, methods, and the like described in this embodiment can be

combined with the structures, methods, and the like described in any of the other

embodiments as appropriate.

[0218]

(Embodiment 10)

A central processing unit (CPU) can be formed using a transistor in which a



channel formation region is formed using an oxide semiconductor for at least part

thereof.

[0219]

FIG. 14A is a block diagram illustrating a specific structure of a CPU. The

CPU illustrated in FIG. 14A includes an arithmetic logic unit (ALU) 1191, an ALU

controller 1192, an instruction decoder 1193, an interrupt controller 1194, a timing

controller 1195, a register 1196, a register controller 1197, a bus interface (Bus I/F)

1198, a rewritable ROM 1199, and an ROM interface (ROM I/F) 1189 over a substrate

1190. A semiconductor substrate, an SOI substrate, a glass substrate, or the like is

used as the substrate 1190. The ROM 1199 and the ROM interface 1189 may be

provided over a separate chip. Obviously, the CPU illustrated in FIG. 14A is only an

example in which the structure is simplified, and an actual CPU may have various

structures depending on the application.

[0220]

An instruction that is input to the CPU through the bus interface 1198 is input

to the instruction decoder 1193 and decoded therein, and then, input to the ALU

controller 1192, the interrupt controller 1194, the register controller 1197, and the

timing controller 1195.

[0221]

The ALU controller 1192, the interrupt controller 1194, the register controller

1197, and the timing controller 1195 conduct various controls in accordance with the

decoded instruction. Specifically, the ALU controller 1192 generates signals for

controlling the operation of the ALU 1191. While the CPU is executing a program, the

interrupt controller 1194 judges an interrupt request from an external input/output

device or a peripheral circuit on the basis of its priority or a mask state, and processes

the request. The register controller 1197 generates an address of the register 1196, and

reads/writes data from/to the register 1196 in accordance with the state of the CPU.

[0222]

The timing controller 1195 generates signals for controlling operation timings

of the ALU 1191, the ALU controller 1192, the instruction decoder 1193, the interrupt

controller 1194, and the register controller 1197. For example, the timing controller

1195 includes an internal clock generator for generating an internal clock signal CLK2



on the basis of a reference clock signal CLK1, and supplies the clock signal CLK2 to

the above circuits.

[0223]

In the CPU illustrated in FIG. 14A, a memory element is provided in the

register 1196. The memory element described in Embodiment 7 can be used as the

memory element provided in the register 1196.

[0224]

In the CPU illustrated in FIG. 14A, the register controller 1197 selects an

operation of holding data in the register 1196 in accordance with an instruction from the

ALU 1191. That is, the register controller 1197 selects whether data is held by a

phase-inversion element or a capacitor in the memory element included in the register

1196. When data holding by the phase-inversion element is selected, power supply

voltage is supplied to the memory element in the register 1196. When data holding by

the capacitor is selected, the data is rewritten in the capacitor, and supply of power

supply voltage to the memory element in the register 1196 can be stopped.

[0225]

The power supply can be stopped by providing a switching element between a

memory element group and a node to which a power supply potential VDD or a power

supply potential VSS is supplied, as illustrated in FIG. 14B or FIG. 14C. Circuits

illustrated in FIGS. 14B and 14C are described below.

[0226]

FIGS. 14B and 14C each illustrate an example of a structure of a memory

circuit including a transistor in which a channel formation region is formed using an

oxide semiconductor as a switching element for controlling supply of a power supply

potential to a memory element.

[0227]

The memory device illustrated in FIG 14B includes a switching element 1141

and a memory element group 1143 including a plurality of memory elements 1142.

Specifically, as each of the memory elements 1142, the memory element described in

Embodiment 7 can be used. Each of the memory elements 1142 included in the

memory element group 1143 is supplied with the high-level power supply potential

VDD via the switching element 1141. Further, each of the memory elements 1142



included in the memory element group 1143 is supplied with a potential of a signal IN

and the low-level power supply potential VSS.

[0228]

In FIG. 14B, a transistor in which a channel formation region is formed using

an oxide semiconductor is used for the switching element 1141, and the switching of the

transistor is controlled by a signal Sig A supplied to a gate electrode thereof.

[0229]

Note that FIG. 14B illustrates the structure in which the switching element 1141

includes only one transistor; however, without limitation thereto, the switching element

1141 may include a plurality of transistors. In the case where the switching element

1141 includes a plurality of transistors which serve as switching elements, the plurality

of transistors may be connected to each other in parallel, in series, or in combination of

parallel connection and series connection.

[0230]

Although the switching element 1141 controls the supply of the high-level

power supply potential VDD to each of the memory elements 1142 included in the

memory element group 1143 in FIG. 14B, the switching element 1141 may control the

supply of the low-level power supply potential VSS.

[0231]

In FIG. 14C, an example of a memory device in which each of the memory

elements 1142 included in the memory element group 1143 is supplied with the

low-level power supply potential VSS via the switching element 1141 is illustrated.

The supply of the low-level power supply potential VSS to each of the memory

elements 1142 included in the memory element group 1143 can be controlled by the

switching element 1141.

[0232]

Data can be held even in the case where a switching element is provided

between a memory element group and a node to which the power supply potential VDD

or the power supply potential VSS is supplied, an operation of a CPU is temporarily

stopped, and the supply of the power supply voltage is stopped; accordingly, power

consumption can be reduced. Specifically, for example, while a user of a personal

computer does not input data to an input device such as a keyboard, the operation of the



CPU can be stopped, so that the power consumption can be reduced.

[0233]

Although the CPU is given as an example, the transistor can also be applied to

an LSI such as a digital signal processor (DSP), a custom LSI, or a field programmable

gate array (FPGA).

[0234]

This embodiment can be implemented by being combined with any of the

above embodiments as appropriate.

EXPLANATION OF REFERENCE

[0235]

100: substrate, 102: base insulating film, 112: gate insulating film, 114: gate electrode,

116: wiring, 122: oxide semiconductor region, 124: interlayer insulating film, 126:

oxide semiconductor region, 130: contact hole, 140: oxide semiconductor film, 150: ion,

151: transistor, 152: transistor, 153: transistor, 190: oxide semiconductor film, 212: gate

insulating film, 214: gate electrode, 216: drain electrode, 222: oxide semiconductor

region, 224: interlayer insulating film, 226: oxide semiconductor region, 240: oxide

semiconductor film, 290: oxide semiconductor film, 312: gate insulating film, 314: gate

electrode, 316: drain electrode, 319: insulating film, 322: oxide semiconductor region,

324: interlayer insulating film, 326: oxide semiconductor region, 340: oxide

semiconductor film, 390: oxide semiconductor film, 401: oxide semiconductor film,

403: conductive film, 410: resistor, 420: resistor, 421: oxide semiconductor film, 423:

conductive film, 425: insulating film, 1100: memory cell, 1110: memory cell array,

1111: circuit for driving wiring, 1112: circuit, 1113: circuit for driving wiring, 1120:

memory cell array, 1130: memory cell, 1131: transistor, 1132: capacitor, 1140: memory

cell array, 1141: switching element, 1142: memory element, 1143: memory element

group, 1150: memory cell, 1151: transistor, 1152: transistor, 1153: transistor, 1154:

transistor, 1155: transistor, 1156: transistor, 1160: transistor, 1161: transistor, 1162:

transistor, 1163: transistor, 1164: transistor, 1170: memory cell, 1171: transistor, 1172:

transistor, 1173: capacitor, 1180: memory cell, 1181: transistor, 1182: transistor, 1183:

capacitor, 1189: ROM interface, 1190: substrate, 1191: ALU, 1192: ALU controller,

1193: instruction decoder, 1194: interrupt controller, 1195: timing controller, 1196:



register, 1197: register controller, 1198: bus interface, 1199: ROM

This application is based on Japanese Patent Application serial no.

2010-292337 filed with Japan Patent Office on December 28, 2010, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A semiconductor device comprising:

a substrate;

an oxide semiconductor film comprising a first oxide semiconductor region and

a pair of second oxide semiconductor regions over the substrate;

a gate insulating film over the oxide semiconductor film; and

a gate electrode over the first oxide semiconductor region with the gate

insulating film therebetween,

wherein the first oxide semiconductor region is located between the pair of

second oxide semiconductor regions,

wherein each of the pair of second oxide semiconductor regions is an

amorphous region, and

wherein the first oxide semiconductor region comprises a crystalline region

comprising c-axis alignment.

2. The semiconductor device according to claim 1,

wherein the pair of second oxide semiconductor regions serve as a source

region and a drain region, and

wherein the first oxide semiconductor region serves as a channel region.

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

semiconductor film comprises at least two kinds of elements selected from In, Ga, Sn,

and Zn.

4. The semiconductor device according to claim 1, wherein each of the pair of

second oxide semiconductor regions comprises at least one kind of element selected

from nitrogen, phosphorus, and arsenic.

5. The semiconductor device according to claim 4, wherein a concentration of

the element in the pair of second oxide semiconductor regions is higher than or equal to

18 3 22 35 x 10 atoms/cm and lower than or equal to 1 x 10 atoms/cm .



6. The semiconductor device according to claim 1, wherein the gate electrode

overlaps with only the first oxide semiconductor region.

7. The semiconductor device according to claim 1, further comprising:

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

and the substrate, the source electrode and the drain electrode being electrically

connected to the pair of second oxide semiconductor regions.

8. A semiconductor device comprising:

a substrate;

a gate electrode over the substrate;

a gate insulating film over the gate electrode; and

an oxide semiconductor film comprising a first oxide semiconductor region and

a pair of second oxide semiconductor regions over the gate insulating film;

wherein the first oxide semiconductor region is located between the pair of

second oxide semiconductor regions,

wherein each of the pair of second oxide semiconductor regions is an

amorphous region, and

wherein the first oxide semiconductor region comprises a crystalline region

comprising c-axis alignment.

9. The semiconductor device according to claim 8,

wherein the pair of second oxide semiconductor regions serve as a source

region and a drain region, and

wherein the first oxide semiconductor region serves as a channel region.

10. The semiconductor device according to claim 8, wherein the oxide

semiconductor film comprises at least two kinds of elements selected from In, Ga, Sn,

and Zn.

11. The semiconductor device according to claim 8, wherein each of the pair of



second oxide semiconductor regions comprises at least one kind of element selected

from nitrogen, phosphorus, and arsenic.

12. The semiconductor device according to claim 11, wherein a concentration

of the element in the pair of second oxide semiconductor regions is higher than or equal

to 5 x 1018 atoms/cm3 and lower than or equal to 1 x 1022 atoms/cm3.

13. The semiconductor device according to claim 8, further comprising:

a source electrode and a drain electrode over the pair of second oxide

semiconductor regions, the source electrode and the drain electrode being electrically

connected to the pair of second oxide semiconductor regions, and

an insulating film over and in contact with the first oxide semiconductor region,

the insulating film overlapping with the gate electrode.

14. The semiconductor device according to claim 13, wherein the insulating

film overlaps with only the first oxide semiconductor region.

15. A method for manufacturing a semiconductor device, comprising the steps

of:

forming an oxide semiconductor film over an insulating surface;

performing heat treatment so that the oxide semiconductor film comprises a

crystalline region comprising c-axis alignment;

forming a gate insulating film over the oxide semiconductor film;

forming a gate electrode over the gate insulating film; and

forming a first oxide semiconductor region and a pair of second oxide

semiconductor regions, wherein the pair of second oxide semiconductor regions are

formed by adding an ion to the oxide semiconductor film with the gate electrode as a

mask,

wherein each of the pair of second oxide semiconductor regions is an

amorphous region.

16. The method for manufacturing the semiconductor device according to



claim 15,

wherein the pair of second oxide semiconductor regions serve as a source

region and a drain region, and

wherein the first oxide semiconductor region serves as a channel region.

17. The method for manufacturing the semiconductor device according to

claim 15, wherein the oxide semiconductor film comprises at least two kinds of

elements selected from In, Ga, Sn, and Zn.

18. The method for manufacturing the semiconductor device according to

claim 15, wherein the ion is at least one kind of element selected from nitrogen,

phosphorus, and arsenic.

19. The method for manufacturing the semiconductor device according to

claim 18, wherein a concentration of the element in the pair of second oxide

semiconductor regions is higher than or equal to 5 x 10 18 atoms/cm3 and lower than or

equal to 1 x 1022 atoms/cm3.

20. The method for manufacturing the semiconductor device according to

claim 15, wherein the gate electrode overlaps with only the first oxide semiconductor

region.

21. The method for manufacturing the semiconductor device according to

claim 15, further comprising the step of:

forming a source electrode and a drain electrode over the insulating surface

before forming the oxide semiconductor film,

wherein the oxide semiconductor film is formed over the insulating surface,

and the source electrode and the drain electrode.

22. A method for manufacturing a semiconductor device, comprising the steps

of:



forming a gate electrode over an insulating surface;

forming a gate insulating film over the gate electrode;

forming an oxide semiconductor film over the gate insulating film;

performing heat treatment so that the oxide semiconductor film comprises a

crystalline region comprising c-axis alignment;

forming a first insulating film over the oxide semiconductor film;

patterning the first insulating film to form a second insulating film overlapping

with the gate electrode; and

forming a first oxide semiconductor region and a pair of second oxide

semiconductor regions, wherein the pair of second oxide semiconductor regions are

formed by adding an ion to the oxide semiconductor film with the second insulating

film as a mask,

wherein each of the pair of second oxide semiconductor regions is an

amorphous region, and

wherein an end portion of the second insulating film is provided on an inner

side than an end portion of the gate electrode.

23. The method for manufacturing the semiconductor device according to

claim 22,

wherein the pair of second oxide semiconductor regions serve as a source

region and a drain region, and

wherein the first oxide semiconductor region serves as a channel region.

24. The method for manufacturing the semiconductor device according to

claim 22, wherein the oxide semiconductor film comprises at least two kinds of

elements selected from In, Ga, Sn, and Zn.

25. The method for manufacturing the semiconductor device according to

claim 22, wherein the ion is at least one kind of element selected from nitrogen,

phosphorus, and arsenic.

26. The method for manufacturing the semiconductor device according to



claim 25, wherein a concentration of the element in the pair of second oxide

semiconductor regions is higher than or equal to 5 x 10 atoms/cm and lower than or

equal to 1 x 1022 atoms/cm3.

27. The method for manufacturing the semiconductor device according to

claim 22, wherein the second insulating film overlaps with only the first oxide

semiconductor region.

28. The method for manufacturing the semiconductor device according to

claim 22, further comprising the step of:

forming a source electrode and a drain electrode over the pair of second oxide

semiconductor regions.
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