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DESCRIPTION

SEMICONDUCTOR DEVICE AND METHOD FOR DRIVING THE SAME

TECHNICAL FIELD

[0001]

The present invention relates to a semiconductor device and a driving method

thereof. Specifically, the present invention relates to a semiconductor device which

performs pipeline processing and a driving method thereof. Note that in this

specification, semiconductor devices mean all devices utilizing semiconductor

properties.

BACKGROUND ART

[0002]

In many large scale integration (LSI) circuits and central processing units

(CPUs), high-speed operation of circuits is achieved by pipeline processing. Note that

in pipeline processing, a circuit is divided into a plurality of processing units connected

in series and the plurality of processing units concurrently perform processing in

accordance with instructions. One of the plurality of processing units outputs an

instruction which has been processed to a processing unit in the next stage after the

processing, and a new instruction from a processing unit in the previous stage is input to

the one of the plurality of processing units. In this manner, the processing units can

efficiently operate.

[0003]

However, in pipeline processing, operation of the plurality of processing units

is suspended (also referred to as a pipeline hazard or hazard) in some cases. For

example, a hazard can occur in the case where a conditional branch instruction is input

to the plurality of processing units. Note that a conditional branch instruction is an

i sTrucTio y wfrich a branch occurs if a condition is satisfied. In this case, whether or

not the branch occurs is not known before an operation of a processing unit (also

referred to as an arithmetic portion) that judges whether or not the condition is satisfied.

Therefore, until whether or not the branch occurs is known, operation of a processing



unit (also referred to as a reading portion) that reads (fetches) an instruction needs to be

suspended, which causes delay in circuit operation.

[0004]

In view of that fact, there is a known technique (branch prediction) in which

prediction of whether or not a branch occurs allows a reading portion to keep operating

even before whether or not the branch occurs is known (for example, see Patent

Document 1). In this manner, the circuit can operate without delay in the case where

the prediction is right.

[Reference]

[Patent Document]

[0005]

[Patent Document 1] Japanese Published Patent Application No. 2009-69960

DISCLOSURE OF INVENTION

[0006]

However, in the case where the branch prediction turns out to be wrong, an

existing instruction in the reading portion needs to be abandoned and a new instruction

needs to be read. This causes operation delay which is as long as or longer than that in

the case without the branch prediction.

[0007]

Here, in the case where the new instruction is a subroutine, or the like, the

instruction once abandoned in the reading portion is to be read again after the plurality

of processing units perform processing in accordance with the subroutine or the like.

In other words, the same operation is performed twice in the reading portion.

[0008]

In view of the foregoing, an object of one embodiment of the present invention

is to provide a semiconductor device in which redundant operations in a reading portion

can be eliminated and operation delay can be reduced.

[0009]

In a semiconductor device of one embodiment of the present invention, a

reading portion includes a flip-flop which reads and holds an instruction and a memory

which transmits and receives the instruction to and from the flip-flop. Further,



transmission and reception of the instruction between the flip-flop and the memory are

controlled with a signal output by an arithmetic portion which operates in accordance

with the instruction read by the reading portion.

[0010]

Specifically, one embodiment of the present invention is a semiconductor

device which performs pipeline processing using a reading portion reading an

instruction and an arithmetic portion performing an operation in accordance with the

instruction. The reading portion includes a flip-flop reading and holding the

instruction and a memory transmitting and receiving the instruction to and from the

flip-flop. Transmission and reception of the instruction between the flip-flop and the

memory are controlled with a signal output by the arithmetic portion.

[0011]

In the semiconductor device of one embodiment of the present invention,

transmission and reception of an instruction between the flip-flop and the memory

which are included in the reading portion can be controlled by the arithmetic portion.

Therefore, even in the case where the branch prediction turns out to be wrong, the

existing instruction in the reading portion can be held, not abandoned. Specifically, the

arithmetic portion transfers data which is held in the flip-flop to the memory, whereby

the existing instruction can be held.

[0012]

Further, after the arithmetic portion operates in accordance with an instruction

read in the reading portion, the arithmetic portion can operate in accordance with the

existing instruction without an operation of reading the existing instruction again.

Specifically, the arithmetic portion transfers the data held in the memory to the flip-flop,

so that the existing instruction can be output from the reading portion to the arithmetic

portion.

[0013]

Accordingly, in the semiconductor device of one embodiment of the present

invention, iris possibleTo eliminate redundant operations which occur in the case where

the instruction read by the reading portion after the branch prediction turns out to be

wrong is a subroutine, or the like. Thus, operation delay of the semiconductor device

can be reduced.



BRIEF DESCRIPTION OF DRAWINGS

[0014]

In the accompanying drawings:

FIGS. 1A and IB each illustrate an example of a structure of a semiconductor

device;

FIGS. 2A and 2B each illustrate an example of a structure of a memory;

FIGS. 3A to 3E are cross-sectional views illustrating an example of a

manufacturing process of a transistor;

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

manufacturing process of a transistor;

FIGS. 5A to 5D are cross-sectional views illustrating an example of a

manufacturing process of a transistor;

FIGS. 6A and 6B are cross-sectional views illustrating an example of a

manufacturing process of a transistor;

FIGS. 7A to 7C are cross-sectional views each illustrating an example of a

transistor;

FIGS. 8A to 8E each illustrate a crystal structure of an oxide semiconductor;

FIGS. 9A to 9C illustrate a crystal structure of an oxide semiconductor;

FIGS. lOAto IOC illustrate a crystal structure of an oxide semiconductor;

FIGS. 11A and 11B each illustrate a crystal structure of an oxide

semiconductor;

FIGS. 12A and 12B are a top view and a cross-sectional view illustrating an

example of a transistor;

FIGS. 13Aand 13B each show characteristics of a transistor; and

FIG. 14 shows characteristics of a transistor.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015]

An embodiment of the present invention will now be described in detail with

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

description given below, and various changes and modifications can be made without



departing from the spirit and scope of the invention. Therefore, the invention should

not be construed as being limited to the description below.

[0016]

First, an example of the semiconductor device of one embodiment of the

present invention is described with reference to FIGS. 1A and I B and FIGS. 2A and 2B.

[0017]

<Example of Structure of Semiconductor Device>

FIG. 1A illustrates an example of a structure of a semiconductor device of one

embodiment of the present invention. A semiconductor device illustrated in FIG. 1A

includes a reading portion 1 and an arithmetic portion 2 which are connected in series.

The reading portion 1 reads (fetches) an instruction from the outside (e.g., a cache) and

outputs the instruction to the arithmetic portion 2. The arithmetic portion 2 performs

an operation in accordance with the instruction input from the reading portion 1. Note

that the reading portion 1 reads a new instruction from the outside in a period during

which the arithmetic portion 2 performs the operation. That is, the semiconductor

device illustrated in FIG. 1A is a semiconductor device which performs pipeline

processing using the reading portion 1 and the arithmetic portion 2.

[0018]

Note that in FIG. 1A, processing units other than the reading portion 1 and the

arithmetic portion 2 may be connected in series to the reading portion 1 and the

arithmetic portion 2. Further, the processing unit may be connected between the

reading portion 1 and the arithmetic portion 2.

[0019]

The reading portion 1 includes a flip-flop 10 reading an instruction from the

outside and holding the instruction and a memory 11 transmitting and receiving the

instruction to and from the flip-flop 10. Note that transmission and reception of the

instruction between the flip-flop 10 and the memory 11 are controlled with a signal

which is output by the arithmetic portion 2.

[0020]

Therefore, in the semiconductor device illustrated in FIG. 1A, an instruction (an

existing instruction) held in the flip-flop 10 can be transmitted to the memory 11 in

response to a signal output by the arithmetic portion 2. Further, a new instruction can



be read in the flip-flop 10. In other words, in the semiconductor device illustrated in

FIG. 1A, the reading portion 1 can hold both the existing instruction and the new

instruction. Note that the existing instruction can be transmitted back from the

memory 11 to the flip-flop 10 with a signal output by the arithmetic portion 2.

[0021]

In the semiconductor device illustrated in FIG. 1A, operation delay can be

reduced which is caused in the case where an instruction read in the reading portion 1

after branch prediction turns out to be wrong is a subroutine, or the like. Specifically,

first, the reading portion 1 reads a first instruction based on branch prediction. Here,

in the case where the branch prediction turns out to be wrong by an operation which is

performed by the arithmetic portion 2 concurrently with the reading operation of the

reading portion 1, in the semiconductor device illustrated in FIG. 1A, the first

instruction can be held in the memory 11, not abandoned. Then, in the semiconductor

device illustrated in FIG. 1A, a second instruction is read with the use of the flip-flop 10.

After that, the arithmetic portion 2 operates in accordance with the second instruction.

Here, in the case where the second instruction is a subroutine, the arithmetic portion 2 is

to subsequently perform an operation in accordance with the first instruction that is held

in the memory 11. The semiconductor device illustrated in FIG. 1A does not need an

operation of reading the first instruction again in that case. Accordingly, operation

delay in the semiconductor device can be reduced.

[0022]

Further, as the semiconductor device, a semiconductor device illustrated in FIG.

I B can be used. The semiconductor device illustrated in FIG. I B has a structure in

which the reading portion 1 of the semiconductor device illustrated in FIG. 1A is

additionally provided with a correction portion 12 that corrects an instruction held in the

memory 11 in response to a signal output by the arithmetic portion 2. The correction

portion 12 can correct the instruction even in the case where correction of the

instruction becomes necessary as a result of an operation performed by the arithmetic

portion 2 in a period during which the instruction is held in the memory 11. Note that

in FIG. IB, an example in which the instruction held in the memory 11 is corrected is

illustrated; correction of the instruction by the correction portion 12 can be performed

when the instruction is transmitted back from the memory 11 to the flip-flop 10.



[0023]

<Example of Structure of Memory>

FIG. 2A illustrates an example of a structure of the memory 11 included in the

semiconductor devices illustrated in FIGS. 1A and IB. The memory 11 illustrated in

FIG. 2A includes a transistor 51, a transistor 52, a capacitor 53, and a capacitor 54. A

gate of the transistor 5 1 is electrically connected to the arithmetic portion 2 and one of a

source and a drain of the transistor 51 is electrically connected to the flip-flop 10. A

gate of the transistor 52 is electrically connected to the arithmetic portion 2 and one of a

source and a drain of the transistor 52 is electrically connected to the flip-flop 10. One

electrode of the capacitor 53 is electrically connected to the other of the source and the

drain of the transistor 51 and the other electrode of the capacitor 53 is electrically

connected to a wiring supplying a fixed potential. One electrode of the capacitor 54 is

electrically connected to the other of the source and the drain of the transistor 52 and the

other electrode of the capacitor 54 is electrically connected to a wiring supplying a fixed

potential. Note that the gate of the transistor 51 and the gate of the transistor 52 are

electrically connected to respective nodes in the arithmetic portion 2. One of the

source and the drain of the transistor 51 and one of the source and the drain of the

transistor 52 are electrically connected to the same node in the flip-flop 10. Further, as

the fixed potential, a ground potential or the like can be used.

[0024]

Here, the transistor 51 and the transistor 52 illustrated in FIG 2A are each a

transistor whose channel is formed in an oxide semiconductor film. Since an oxide

semiconductor has a wide bandgap and low intrinsic carrier density, an off-state current

generated in the oxide semiconductor film can be extremely low. Note that details of

the transistor whose channel is formed in the oxide semiconductor film will be

described later. Accordingly, in the memory 11 illustrated in FIG. 2A, binary data can

be held for a long time in a node where the other of the source and the drain of the

transistor 51 and one electrode of the capacitor 53 are electrically connected to each

other and a node where the other of the source and the drain of the transistor 52 and one

electrode of the capacitor 54 are electrically connected to each other. Further, in the

semiconductor device illustrated in FIG. 2A, switching of the transistor 51 and the

transistor 52 is controlled in response to a signal output by the arithmetic portion 2,



whereby an instruction held in the flip-flop 10 or part of the instruction can be held as

binary data in the nodes.

[0025]

Note that as the memory 11 included in the semiconductor devices illustrated in

FIGS. 1A and IB, the memory 11 illustrated in FIG. 2B can be used. The memory 11

illustrated in FIG. 2B has the structure of the memory 11 illustrated in the FIG. 2A to

which a transistor 55 and a capacitor 56 are added. A gate of the transistor 55 is

electrically connected to a power supply control portion 3 and one of a source and a

drain of the transistor 55 is electrically connected to the flip-flop 10. One electrode of

the capacitor 56 is electrically connected to the other of the source and the drain of the

transistor 55 and the other electrode of the capacitor 56 is electrically connected to a

wiring supplying a fixed potential. Note that the power supply control portion 3 has a

function of determining whether or not a power supply voltage VDD is supplied to the

flip-flop 10. Further, the transistor 55 is a transistor whose channel is formed in an

oxide semiconductor film. Accordingly, the instruction held in the flip-flop 10 or part

of the instruction can be held as binary data in a node where the other of the source and

the drain of the transistor 55 and one electrode of the capacitor 56 are electrically

connected to each other.

[0026]

In the semiconductor device illustrated in FIG. 2B, the transistor 55 is in an on

state before and after a period during which supply of the power supply voltage VDD to

the flip-flop 10 is suspended by the power supply control portion 3, and the transistor 55

is in an off state during the period, whereby the instruction held in the flip-flop 10 can

be held in the memory 11 during the period. Thus, the suspension of supply of the

power supply voltage VDD to the flip-flop 10 allows power consumption to be reduced

and operation delay can be reduced. Note that in the memory 11 illustrated in FIG. 2B,

there is a high probability that a period during which the transistor 55 remains in an off

state is longer than a period during which the transistor 5 1 or the transistor 52 remains

in an off state. Thus, the capacitor 56 preferably has a larger capacitance value than

each of the capacitor 53 and the capacitor 54.

[0027]

<Example of Structure of Transistor>



The above-described semiconductor device includes a number of transistors.

A specific example of the transistor included in the semiconductor device is described

below. Note that examples of structures and manufacturing processes of a p-channel

transistor and an n-channel transistor which are included in the flip-flop 10 and a

transistor in which a channel is formed in an oxide semiconductor film and which is

included in the memory 11 are described with reference to FIGS. 3A to 3E, FIGS. 4A to

4D, FIGS. 5A to 5D, and FIGS. 6A and 6B. Specifically, in each of the cross-sectional

views of FIGS. 3A to 3E, FIGS. 4A to 4D, FIGS. 5A to 5D, and FIGS. 6A and 6B, a

cross section along line A1-A2 illustrates a manufacturing step of the n-channel

transistor and a cross section along line B1-B2 illustrates a manufacturing step of the

p-channel transistor.

[0028]

First, a substrate 300 over which a semiconductor film 304 is provided with an

insulating film 302 interposed therebetween is prepared (see FIG. 3A).

[0029]

As the substrate 300, for example, a single crystal semiconductor substrate or a

polycrystalline semiconductor substrate containing silicon, silicon carbide, or the like,

or a compound semiconductor substrate containing silicon germanium, gallium arsenide,

indium phosphide, or the like can be used. Specific examples thereof are a variety of

glass substrates that are used in the electronics industry, such as substrates of

aluminosilicate glass, aluminoborosilicate glass, and barium borosilicate glass, a quartz

substrate, a ceramic substrate, and a sapphire substrate.

[0030]

The insulating film 302 is formed to have a single-layer structure or a

stacked-layer structure using silicon oxide, silicon oxynitride, silicon nitride, or the like.

As a formation method of the insulating film 302, a thermal oxidation method, a CVD

method, a sputtering method, or the like can be used. The thickness of the insulating

film 302 is greater than or equal to 1 nm and less than or equal to 100 nm, preferably

greater than or equal to 10 nm and less than or equal to 50 nm.

[0031]

As the semiconductor film 304, a single crystal semiconductor material or a

polycrystalline semiconductor material of silicon, silicon carbide, or the like, or a



compound semiconductor material of silicon germanium, gallium arsenide, indium

phosphide, or the like can be used. Since the semiconductor film 304 does not include

an oxide semiconductor material, the semiconductor film 304 is also referred to as a

semiconductor material other than an oxide semiconductor.

[0032]

As the semiconductor film 304, a single crystal semiconductor material of

silicon or the like is preferably used because in that case, the flip-flop 10 can operate at

higher speed.

[0033]

Alternatively, an SOI substrate can be used as the substrate 300 over which the

semiconductor film 304 is formed with the insulating film 302 interposed therebetween.

Note that although the term "SOI substrate" generally means a substrate in which a

silicon layer is provided on an insulating surface, the term "SOI substrate" in this

specification and the like also includes a substrate in which a semiconductor film

including a material other than silicon is provided on an insulating surface. That is, the

semiconductor film included in the "SOI substrate" is not limited to a silicon layer.

Moreover, the SOI substrate also includes a substrate having a structure in which a

semiconductor film is provided over an insulating substrate such as a glass substrate

with an insulating film interposed therebetween. Here, the case is described in which

an SOI substrate in which a silicon film is provided over a single crystal silicon

substrate with a silicon oxide film interposed therebetween is used as the substrate 300

over which the semiconductor film 304 is formed with the insulating film 302

interposed therebetween.

[0034]

Next, the semiconductor film 304 is processed into an island shape, so that

semiconductor films 304a and 304b are formed (see FIG. 3B). For the processing, dry

etching is preferably performed, but wet etching may be performed. An etching gas

and an etchant can be selected as appropriate depending on a material to be etched.

[0035]

Next, gate insulating films 306a and 306b are formed so as to cover the

semiconductor films 304a and 304b (see FIG. 3B). The gate insulating films 306a and

306b can be formed, for example, by performing heat treatment (e.g., thermal oxidation



treatment, thermal nitridation treatment, or the like) on surfaces of the semiconductor

films 304a and 304b. High-density plasma treatment may be employed instead of heat

treatment. The high-density plasma treatment can be performed using, for example, a

mixed gas of a rare gas such as He, Ar, Kr, or Xe and any of oxygen, nitrogen oxide,

ammonia, nitrogen, and hydrogen. Needless to say, the gate insulating films may be

formed by a CVD method, a sputtering method, or the like.

[0036]

The gate insulating films 306a and 306b can be formed using silicon oxide,

silicon oxynitride, silicon nitride, hafnium oxide, aluminum oxide, tantalum oxide, or

the like. Alternatively, the gate insulating films can be formed using a material with a

high dielectric constant (a high-k material) such as hafnium oxide, yttrium oxide,

hafnium silicate (HfSi^O^ (x > 0, y > 0)), hafnium silicate to which nitrogen is added

(HfSi O N (x > 0, y > 0, z > 0)), or hafnium aluminate to which nitrogen is added

(H A O N (x > 0, y > 0, z > 0)). The gate insulating films are formed to have a

single-layer structure or a stacked-layer structure using any of the above materials.

The thickness of each of the gate insulating films 306a and 306b can be, for example,

greater than or equal to 1 nm and less than or equal to 100 nm, preferably greater than

or equal to 10 nm and less than or equal to 50 nm.

[0037]

When the gate insulating films are thin as in the above description, a problem

of gate leakage due to a tunneling effect or the like is caused. In order to solve the

problem of gate leakage, the above high-k material is preferably used for the gate

insulating films. With the use of a high-k material for the gate insulating films, the

thickness of each of the gate insulating films can be increased to prevent gate leakage

and electrical characteristics can be maintained. Note that a stacked-layer structure of

a film including a high-k material and a film containing any of silicon oxide, silicon

nitride, silicon oxynitride, silicon nitride oxide, aluminum oxide, and the like may be

employed.

[0038]

Next, an impurity element imparting n-type conductivity and an impurity

element imparting p-type conductivity are added to the semiconductor films 304a and

304b through the gate insulating films 306a and 306b in order to control the threshold



voltages of the transistors (see FIG. 3C). In the case where silicon is used for the

semiconductor films 304a and 304b, for example, phosphorus, arsenic, or the like can

be used as an impurity element imparting n-type conductivity. On the other hand,

boron, aluminum, gallium, or the like can be used as an impurity element imparting

p-type conductivity. Here, boron is added to the semiconductor film 304a through the

gate insulating film 306a, so that a semiconductor film 308 containing an impurity is

formed, and phosphorus is added to the semiconductor film 304b through the gate

insulating film 306b, so that a semiconductor film 310 containing an impurity is formed.

[0039]

Next, a conductive film used for forming a gate electrode (including a wiring

formed using the same layer as the gate electrode) is formed over the gate insulating

films 306a and 306b and is processed, so that gate electrodes 312a and 312b are formed

(see FIG. 3D).

[0040]

The conductive film used for the gate electrodes 312a and 312b can be formed

using a metal material such as aluminum, copper, titanium, tantalum, or tungsten. The

conductive film may be formed using a semiconductor material such as polycrystalline

silicon. There is no particular limitation on the method for forming the conductive

film, and a variety of film formation methods such as an evaporation method, a CVD

method, a sputtering method, and a spin coating method can be employed. The

conductive film can be processed by etching with the use of a resist mask.

[0041]

Next, an impurity element imparting n-type conductivity and an impurity

element imparting p-type conductivity are added to the semiconductor films 304a and

304b using the gate electrodes 312a and 312b as masks through the gate insulating films

306a and 306b (see FIG. 3E). Here, phosphorus is added to the semiconductor film

304a through the gate insulating film 306a, so that impurity regions 314a and 314b are

formed, and boron is added to the semiconductor film 304b through the gate insulating

film 306b, so that impurity regions 316a and 316b are formed.

[0042]

Next, sidewall insulating films 318a to 318d having a sidewall structure are

formed on side surfaces of the gate electrodes 312a and 312b (see FIG. 4A). The



sidewall insulating films 318a to 318d are formed in such a manner that an insulating

film that covers the gate electrodes 312a and 312b is formed and then processed by

anisotropic etching by a reactive ion etching (RIE) method. There is no particular

limitation on the insulating film; for example, the insulating film can be formed using

silicon oxide with favorable step coverage, which is formed by reaction of tetraethyl

ortho-silicate (TEOS), silane, or the like with oxygen, nitrous oxide, or the like. The

insulating film may be formed using silicon oxide formed by a low temperature

oxidation (LTO) method. The insulating film can be formed by a thermal CVD

method, a plasma CVD method, an atmospheric pressure CVD method, a bias

ECRCVD method, a sputtering method, or the like.

[0043]

Next, an impurity element imparting n-type conductivity and an impurity

element imparting p-type conductivity are added to the semiconductor films 304a and

304b using the gate electrodes 312a and 312b and the sidewall insulating films 318a to

318d as masks through the gate insulating films 306a and 306b. Here, phosphorus is

added to the semiconductor film 304a through the gate insulating film 306a, so that

impurity regions 320a and 320b are formed, and boron is added to the semiconductor

film 304b through the gate insulating film 306b, so that impurity regions 322a and 322b

are formed (see FIG. 4B).

[0044]

Through the above steps, an n-channel transistor 113 and a p-channel transistor

111 can be manufactured using the substrate 300 over which a semiconductor material

other than an oxide semiconductor is provided. Such transistors are capable of

high-speed operation.

[0045]

Next, an insulating film 324 is formed so as to cover the transistor 113 and the

transistor 111 (see FIG. 4C). The insulating film 324 can be formed using a material

containing an inorganic insulating material such as silicon oxide, silicon oxynitride,

silicon nitride, or aluminum oxide. A material with a low dielectric constant (a low-k

material) is preferably used for the insulating film 324 because capacitance due to

overlap of electrodes or wirings can be sufficiently reduced. Note that a porous

insulating film formed using such a material may be used as the insulating film 324.



The porous insulating film has a lower dielectric constant than an insulating film with

high density and thus makes it possible to further reduce capacitance due to electrodes

or wirings. Alternatively, the insulating film 324 can be formed using an organic

insulating material such as polyimide or acrylic. Here, the case where the insulating

film 324 is formed using silicon oxynitride is described.

[0046]

Next, heat treatment is performed to activate the impurity elements added to

the semiconductor films 304a and 304b. The heat treatment is performed using an

annealing furnace. Alternatively, a laser annealing method or a rapid thermal

annealing (RTA) method can be used. The heat treatment is performed at 400 °C to

600 °C, typically 450 °C to 500 °C in a nitrogen atmosphere for 1 to 4 hours. By this

heat treatment, activation of the impurity elements is performed and hydrogen in the

silicon oxynitride film of the insulating film 324 is released, so that hydrogenation of

the semiconductor films 304a and 304b can be performed.

[0047]

Note that before or after each of the above steps, a step of forming an electrode,

a wiring, a semiconductor film, an insulating film, or the like may be further performed.

For example, an electrode, a wiring, or the like for connecting the transistor in the lower

portion and the transistor in the upper portion is preferably formed. In addition, a

multilayer wiring structure in which an insulating film and a conductive layer are

stacked may be employed as a wiring structure, so that a highly-integrated memory

device can be achieved.

[0048]

Then, a surface of the insulating film 324 is planarized (see FIG. 4D). As the

planarization treatment for the insulating film 324, polishing treatment such as chemical

mechanical polishing (hereinafter, also referred to as CMP treatment), etching treatment

or the like can be employed.

[0049]

Here, CMP treatment is a method of planarizing a surface of an object to be

processed with a combination of chemical and mechanical actions, using the surface as

a reference. Specifically, CMP treatment is a method in which a polishing cloth is



attached to a polishing stage, the polishing stage and an object to be processed are

rotated or swung while a slurry (an abrasive) is supplied between the object and the

polishing cloth, and the surface of the object is polished by a chemical reaction between

the slurry and the object and by action of mechanical polishing of the object with the

polishing cloth.

[0050]

It is preferable that the CMP treatment be performed such that the surface of

the insulating film 324 has an average surface roughness (R A) of less than or equal to 1

n , preferably less than or equal to 0.3 n , more preferably less than or equal to 0.1 nm.

Note that R A is obtained by three-dimension expansion of center line average surface

roughness which is defined by JIS B 0601 so as to be applied to a plane. The R A can be

expressed as an "average value of the absolute values of deviations from a reference

surface to a specific surface" and is defined by the following formula (1).

[0051]

[FORMULA 1]

[0052]

In the above formula, S o represents the area of a plane to be measured (a

quadrangular region which is defined by four points represented by coordinates ( i, i),

(xi, yi), x , yi), and (x2, yi)), and Z Q represents the average height of the plane to be

measured. Further, R A can be measured using an atomic force microscope (AFM).

[0053]

Next, an oxide semiconductor film 342 is formed over the planarized surface of

the insulating film 324 (see FIG. 5A).

[0054]

An oxide semiconductor to be used preferably contains at least indium (In) or

zinc (Zn). In particular, In and Zn are preferably contained. As a stabilizer for

reducing variation in -electrical characteristics of a transistor including the oxide

semiconductor, gallium (Ga) is preferably additionally contained. Tin (Sn) is

preferably contained as a stabilizer. Hafnium (Hf) is preferably contained as a

stabilizer. Aluminum (Al) is preferably contained as a stabilizer.



[0055]

As another stabilizer, one or plural kinds of lanthanoid such as lanthanum (La),

cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu),

gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium

(Tm), ytterbium (Yb), or lutetium (Lu) may be contained.

[0056]

As the oxide semiconductor, for example, indium oxide, tin oxide, zinc oxide, a

two-component metal oxide such as an In-Zn-based oxide, a Sn-Zn-based oxide, an

Al-Zn-based oxide, a Zn-Mg-based oxide, a Sn-Mg-based oxide, an In-Mg-based oxide,

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

oxide (also referred to as IGZO), an In-Al-Zn-based oxide, an In-Sn-Zn-based oxide, a

Sn-Ga-Zn-based oxide, an Al-Ga-Zn-based oxide, a Sn-Al-Zn-based oxide, an

In-Hf-Zn-based oxide, an In-La-Zn-based oxide, an In-Ce-Zn-based oxide, an

In-Pr-Zn-based oxide, an In-Nd-Zn-based oxide, an In-Sm-Zn-based oxide, an

In-Eu-Zn-based oxide, an In-Gd-Zn-based oxide, an In-Tb-Zn-based oxide, an

In-Dy-Zn-based oxide, an In-Ho-Zn-based oxide, an In-Er-Zn-based oxide, an

In-Tm-Zn-based oxide, an In-Yb-Zn-based oxide, or an In-Lu-Zn-based oxide, a

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

In-Hf-Ga-Zn-based oxide, an In-Al-Ga-Zn-based oxide, an In-Sn-Al-Zn-based oxide, an

In-Sn-Hf-Zn-based oxide, or an In-Hf-Al-Zn-based oxide can be used.

[0057]

Note that here, for example, an In-Ga-Zn-based oxide means an oxide

containing In, Ga, and Zn as its main component, and there is no limitation on the ratio

of In:Ga:Zn. Further, the In-Ga-Zn-based oxide may contain a metal element other

than In, Ga, and Zn.

[0058]

For example, an In-Ga-Zn-based oxide with an atomic ratio of In:Ga:Zn =

1:1:1 (= 1/3:1/3:1/3) or In:Ga:Zn = 2:2:1 (= 2/5:2/5:1/5), or any of oxides whose

composition is in the neighborhood of the above compositions can be used.

Alternatively, an In-Sn-Zn-based oxide with an atomic ratio of In:Sn:Zn = 1:1:1 (=

1/3:1/3:1/3), In:Sn:Zn = 2:1:3 (= 1/3:1/6:1/2), or In:Sn:Zn = 2:1:5 (= 1/4:1/8:5/8), or any



of oxides whose composition is in the neighborhood of the above compositions may be

used.

[0059]

However, the composition is not limited to those described above, and a

material having an appropriate composition may be used depending on needed

semiconductor characteristics (such as mobility, threshold voltage, and variation). In

order to obtain needed semiconductor characteristics, it is preferable that the carrier

density, the impurity concentration, the defect density, the atomic ratio of a metal

element to oxygen, the interatomic distance, the density, and the like be set to

appropriate values.

[0060]

For example, it is relatively easy to obtain high mobility with an

In-Sn-Zn-based oxide. However, it is possible to obtain high mobility even with an

In-Ga-Zn-based oxide by reducing the defect density in a bulk.

[0061]

Note that for example, the expression "the composition of an oxide containing

In, Ga, and Zn at the atomic ratio, In:Ga:Zn = a:b:c (a+b+c = 1), is in the neighborhood

of the composition of an oxide containing In, Ga, and Zn at the atomic ratio, In.GarZn =

A:B:C (A+B+C = 1)" means that a, b, and c satisfy the following relation:

(a-A) 2+(b-B) 2+(c-C) 2 ≤ r2, and r may be 0.05, for example. The same applies to

other oxides.

[0062]

The oxide semiconductor may be either single crystal or non-single-crystal.

In the latter case, the oxide semiconductor may be either amorphous or polycrystalline.

Further, the oxide semiconductor may have either an amorphous structure including a

portion having crystallinity or a non-amorphous structure.

[0063]

In an oxide semiconductor in an

with relative ease, so that when a transistor is manufactured with the use of the oxide

semiconductor, interface scattering can be reduced, and relatively high mobility can be

obtained with relative ease.



[0064]

In an oxide semiconductor having crystallinity, defects in a bulk can be further

reduced and when a surface flatness is improved, and mobility higher than that of an

oxide semiconductor in an amorphous state can be obtained. In order to improve the

surface flatness, the oxide semiconductor is preferably formed over a flat surface.

Specifically, the oxide semiconductor may be formed over a surface with the average

surface roughness (Ra) of less than or equal to 1 nm, preferably less than or equal to 0.3

nm, more preferably less than or equal to 0.1 nm.

[0065]

In the case where an In-Zn-O-based material is used as the oxide

semiconductor film 342, the atomic ratio of metal elements in a target is In:Zn = 50:1 to

1:2 in atomic ratio (In 0 3:ZnO = 25:1 to 1:4 in molar ratio), preferably, In:Zn = 20:1 to

1:1 in atomic ratio (In20 3:ZnO = 10:1 to 1:2 in molar ratio), further preferably, In:Zn =

15:1 to 1.5:1 in atomic ratio (In20 3:ZnO = 15:2 to 3:4 in molar ratio). For example, in

a target used for formation of an In-Zn-O-based oxide semiconductor which has an

atomic ratio of In:Zn:0 = X Y Z, the relation of Z>1.5X+Y is satisfied.

[0066]

In the case of forming the oxide semiconductor film 342 using an

In-Ga-Zn-O-based material by a sputtering method, it is preferable to use an

In-Ga-Zn-0 target having an atomic ratio of In:Ga:Zn = 1:1:1, 4:2:3, 3:1:2, 1:1:2, 2:1:3,

or 3:1:4.

[0067]

In the case of forming the oxide semiconductor film 342 using an

In-Sn-Zn-O-based material by a sputtering method, it is preferable to use an In-Sn-Zn-0

target having an atomic ratio of In:Sn:Zn = 1:1:1, 2:1:3, 1:2:2, or 20:45:35.

[0068]

The relative density of the target is higher than or equal to 90 % and lower than

or equal to 100 , preferably higher than or equal to 95 % and lower than or equal to

99.9 . With the use of the target with high relative density, the oxide semiconductor

film 342 can have high density.

[0069]



The oxide semiconductor film 342 can be formed by a sputtering method, a

molecular beam epitaxy method, an atomic layer deposition method, or a pulsed laser

deposition method. The thickness of the oxide semiconductor film 342 is greater than

or equal to 5 nm and less than or equal to 100 nm, preferably greater than or equal to 10

nm and less than or equal to 30 nm.

[0070]

The oxide semiconductor film 342 may be amorphous or may have crystallinity.

For example, the oxide semiconductor film can be a non-single-crystal film including a

crystal which has a triangular, hexagonal, regular triangular, or regular 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. Note that in this specification and the like, the film is called a c-axis aligned

crystalline oxide semiconductor (CAAC-OS) film.

[0071]

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

CAAC-OS film is composed of only an amorphous component. Although the

CAAC-OS film includes a crystallized portion (crystalline portion), a boundary between

one crystalline portion and another crystalline portion is not clear in some cases.

[0072]

Nitrogen may be substituted for part of oxygen included in the CAAC-OS film.

The c-axes of individual crystalline portions included in the CAAC-OS film may be

aligned in one direction (e.g., a direction perpendicular to a surface of a substrate over

which the CAAC-OS film is formed or a surface of the CAAC-OS film). Alternatively,

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

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

surface of a substrate over which the CAAC-OS film is formed or a surface of the

CAAC-OS film).

[0073]

As an example of such a CAAC-OS film, there is an oxide film 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 the film or a surface of a



substrate, 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.

[0074]

Next, a formation method of the oxide semiconductor film 342 as a CAAC-OS

film is described. As a formation method of the oxide semiconductor film 342 as a

CAAC-OS film, the following two kinds of methods can be given, for example. One

of the methods is that formation of the oxide semiconductor film 342 is performed

while a substrate is heated; the other method is that formation of the oxide

semiconductor film 342 is performed in two steps, and heat treatment is performed after

each formation step of the oxide semiconductor film 342.

[0075]

In the case where the oxide semiconductor film 342 is formed in one step while

a substrate is heated, the substrate temperature may be higher than or equal to 100 °C

and lower than or equal to 600 °C, preferably higher than or equal to 200 °C and lower

than or equal to 500 °C. When the substrate is heated at high temperature during

formation of the oxide semiconductor film 342, the CAAC-OS film in which the

proportion of a crystalline portion is higher than that of an amorphous portion can be

formed.

[0076]

In the case where formation of the oxide semiconductor film 342 is performed

in two steps, a first oxide semiconductor film 342 is formed over the insulating film 324

while the substrate temperature is kept at a temperature higher than or equal to 100 °C

and lower than or equal to 450 °C, and then heat treatment is performed at a temperature

higher than or equal to 550 °C and lower than the strain point of the substrate under an

atmosphere of nitrogen, oxygen, a rare gas, or dry air. By the heat treatment, a

crystalline region (including a plate-like crystal) is formed in a region including a

surface of the first oxide semiconductor film 342. Next, a second oxide semiconductor

film 342 is formed thicker than the first oxide semiconductor film 342. After that, heat

treatment is performed again at a temperature higher than or equal to 550 °C and lower

than the strain point of the substrate, so that crystals grow upward using, as a seed of



crystal growth, the first oxide semiconductor film 342 in which a crystalline region

(including a plate-like crystal) is formed in the region including the surface. Thus, the

second oxide semiconductor film 342 is entirely crystallized. Note that the thickness

of the first oxide semiconductor film 342 is preferably greater than or equal to 1 nm and

less than or equal to 10 nm.

[0077]

The above formation method is preferable because a short-channel effect can

be suppressed even when the thickness of the oxide semiconductor film 342 is

approximately 5 nm.

[0078]

Since the crystallinity of the CAAC-OS film is affected by roughness of a

surface where the CAAC-OS film is formed, as described above, the surface of the

insulating film 324 is preferably planarized as much as possible. The average surface

roughness of the insulating film 324 is preferably greater than or equal to 0.1 nm and

less than 0.5 nm. By planarizing the surface of the insulating film 324, the continuity

of the crystal included in the CAAC-OS film can be improved. In addition, by

planarizing the surface of the insulating film 324, the CAAC-OS film in which the

proportion of a crystalline portion is higher than that of an amorphous portion can be

formed.

[0079]

The oxide semiconductor film 342 formed by a sputtering method contains

hydrogen, water, a compound having a hydroxyl group, or the like in some cases.

Hydrogen, water, and the like easily form a donor level and thus serve as impurities in

the oxide semiconductor. Therefore, in the formation of the oxide semiconductor film

342 by a sputtering method, the hydrogen concentration in the oxide semiconductor film

342 is preferably reduced as much as possible.

[0080]

In order to reduce the hydrogen concentration, the leakage rate of a treatment

chamber of a sputtering apparatus is set to 1 x 10~10 Pa-m3/s or less in the formation of

the oxide semiconductor film 342, whereby entry of impurities such as an alkali metal

and hydride into the oxide semiconductor film 342 that is being deposited by a

sputtering method can be reduced. Further, with the use of an entrapment vacuum



pump (e.g., a cryopump) as an evacuation system, counter flow of impurities such as an

alkali metal, a hydrogen atom, a hydrogen molecule, water, a compound having a

hydroxyl group, and hydride from the evacuation system can be reduced.

[0081]

When the purity of the target is set to 99.99 % or higher, alkali metal, a

hydrogen atom, a hydrogen molecule, water, a hydroxyl group, hydride, or the like

mixed to the oxide semiconductor film can be reduced. In addition, when the target is

used, the concentration of alkali metal such as lithium, sodium, or potassium can be

reduced in the oxide semiconductor film.

[0082]

A highly purified rare gas (typically, argon), highly purified oxygen, or a highly

purified mixed gas of oxygen and a rare gas, from which impurities such as hydrogen,

water, a compound having a hydroxyl group, and hydride are removed, is used as

appropriate as an atmosphere gas supplied to a treatment chamber of a sputtering

apparatus. For example, the purity of argon is set to 9N (99.9999999 ) or higher (the

concentration of H 0 is less than 0.1 ppb, and the concentration of H2 is less than 0.5

ppb), and the dew point thereof is set to -121 °C. The oxygen concentration is set to

8N (99.999999 %) or higher (the concentration of H 0 is less than 1 ppb, and the

concentration of H2 is less than 1 ppb), and the dew point thereof is set to -112 °C. In

the case where a mixed gas of the rare gas and oxygen is used, the flow rate ratio of

oxygen is preferably high.

[0083]

As one example of the film formation condition, the distance between the

substrate and the target is 100 mm, the pressure is 0.6 Pa, the direct-current (DC) power

is 0.5 kW, and the atmosphere is an oxygen atmosphere (the proportion of the oxygen

flow is 100 ). Note that a pulsed direct-current (DC) power source is preferable

because dust generated in film formation can be reduced and the film thickness can be

made uniform.

[0084]

In this manner, the oxide semiconductor film 342 in which the amount of

contained hydrogen is small can be formed. Note that even when the sputtering



apparatus is used, the oxide semiconductor film 342 contains more than a little nitrogen.

For example, the nitrogen concentration in the oxide semiconductor film 342 measured

by secondary ion mass spectrometry (SIMS) is lower than 5 x 1018 atoms- 3.

[0085]

In order to reduce impurities such as moisture and hydrogen in the oxide

semiconductor film 342 (dehydration or dehydrogenation), the oxide semiconductor

film 342 is preferably subjected to heat treatment. For example, the oxide

semiconductor film 342 is subjected to heat treatment in a reduced-pressure atmosphere,

an inert gas atmosphere of nitrogen, a rare gas, or the like, an oxidation atmosphere, or

an ultra dry air atmosphere (the moisture amount is 20 ppm (-55 °C by conversion into

a dew point) or less, preferably 1 ppm or less, more preferably 10 ppb or less, in the

case where the measurement is performed by a dew point meter in a cavity ring down

laser spectroscopy (CRDS) system). Note that the oxidation atmosphere refers to an

atmosphere including an oxidation gas such as oxygen, ozone, or nitrogen oxide (e.g.,

nitrous oxide or dinitrogen monoxide) at 10 ppm or higher. The inert gas atmosphere

refers to an atmosphere including the oxidation gas at lower than 10 ppm and is filled

with nitrogen or a rare gas.

[0086]

For example, the heat treatment is performed at a temperature higher than or

equal to 150 °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, more preferably higher than or

equal to 300 °C and lower than or equal to 450 °C. The treatment time is 3 minutes to

24 hours. It is preferable that the heat treatment time be 24 hours or shorter in order

not to reduce the productivity.

[0087]

There is no particular limitation on a heat treatment apparatus used for the heat

treatment, and the apparatus may be provided with a device for heating an object to be

processed by heat radiation or heat conduction from a heating element- such as a

resistance heating element. For example, an electric furnace, or a rapid thermal

annealing (RTA) apparatus such as a lamp rapid thermal annealing (LRTA) apparatus or

a gas rapid thermal annealing (GRTA) apparatus can be used. An LRTA apparatus is



an apparatus for heating an object to be processed by radiation of light (an

electromagnetic wave) emitted from a lamp such as a halogen lamp, a metal halide lamp,

a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a high pressure

mercury lamp. A GRTA apparatus is an apparatus for heat treatment using a

high-temperature gas.

[0088]

By the heat treatment, hydrogen (water, a compound having a hydroxyl group)

can be released from the oxide semiconductor film 342. Thus, impurities in the oxide

semiconductor film 342 can be reduced.

[0089]

Furthermore, hydrogen that is an unstable carrier source can be eliminated from

the oxide semiconductor film 342 by the heat treatment, whereby the threshold voltage

of the transistor can be prevented from being shifted negatively. As a result, the

reliability of the transistor can be improved.

[0090]

Next, a resist mask is formed through a photolithography process over the

oxide semiconductor film 342, and the oxide semiconductor film 342 is etched to have a

desired shape with the use of the resist mask; in this manner, an island-shaped oxide

semiconductor film 342a is formed (see FIG. 5B). The resist mask can be formed by

an ink-jet method, a printing method, or the like as appropriate, as well as through the

photolithography process. The etching is preferably performed so that an end portion

of the oxide semiconductor film 342a has a tapered shape. The end portion of the

island-shaped oxide semiconductor film 342a is tapered, whereby coverage with a film

which is formed later can be improved, and disconnection of the film can accordingly

be prevented. The tapered shape can be formed by performing etching while the resist

mask is made to recede.

[0091]

Note that the case where the heat treatment is performed directly after the oxide

semiconductor film 342 is formed is described here; however, the heat treatment may be

performed after the island-shaped oxide semiconductor film 342a is obtained.

[0092]

Next, after a conductive film is formed over the oxide semiconductor film 342a



and the like, a resist mask is formed through a photolithography process over the

conductive film and the conductive film is etched to have a desired shape with the use

of the resist mask; in this manner, a source or drain electrode 344a and a source or drain

electrode 344b are formed (see FIG. 5C).

[0093]

The conductive film is to be a source electrode and a drain electrode later, and

can be formed using a metal material such as aluminum, chromium, copper, titanium,

tantalum, molybdenum, or tungsten. Alternatively, the conductive film can be formed

using an alloy containing any of the above metal materials as a component, or the like.

Moreover, any of manganese, magnesium, zirconium, beryllium, neodymium, and

scandium, or a material including any of these in combination may be used.

[0094]

The conductive film may have a single-layer structure or a stacked-layer

structure of two or more layers. For example, the conductive film can have a

single-layer structure of a titanium film or a titanium nitride film, 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, or a three-layer structure in which a

titanium film, an aluminum film, and a titanium film are stacked. Note that when the

conductive film has a single-layer structure of a titanium film or a titanium nitride film,

there is an advantage that it can be easily processed into the source and drain electrodes

344a and 344b having tapered shapes.

[0095]

The conductive film is preferably etched such that the source and drain

electrodes 344a and 344b are formed to have tapered end portions. Here, the taper

angle thereof is, for example, preferably greater than or equal to 30° and less than or

equal to 60°. When the source and drain electrodes 344a and 344b are formed by

etching so as to have tapered end portions, coverage with the gate insulating film which

prevented.

[0096]



The channel length ( ) of the transistor is determined by the distance between a

lower end portion of the source or drain electrode 344a and a lower end portion of the

source or drain electrode 344b. Note that in light exposure for forming a mask for a

transistor with a channel length L ) less than 25 nm, it is preferable to use extreme

ultraviolet rays whose wavelength is as short as several nanometers to several tens of

nanometers. The resolution of light exposure with extreme ultraviolet rays is high and

the depth of focus is large. Accordingly, the channel length ( ) of the transistor

formed later can be greater than or equal to 10 nm and less than or equal to 1000 nm (1

µ ), whereby the operation speed of the circuit can be increased.

[0097]

Next, a gate insulating film 346 is formed so as to cover the source and drain

electrodes 344a and 344b, and the oxide semiconductor film 342a (see FIG. 5D).

[0098]

The gate insulating film 346 can be formed by a CVD method, a sputtering

method, or the like. The gate insulating film 346 can be formed using silicon oxide,

silicon nitride, silicon oxynitride, gallium oxide, aluminum oxide, tantalum oxide, or the

like. Alternatively, the gate insulating film 346 can be formed using a material with a

high dielectric constant (a high-k material) such as hafnium oxide, yttrium oxide,

hafnium silicate (HfSi O (x > 0, y > 0)), hafnium silicate to which nitrogen is added

( fS i N ( J > 0, y > 0, z > 0)), or hafnium aluminate to which nitrogen is added

(H Al O (x > 0, > 0, z > 0)). The gate insulating film 346 has either a single-layer

structure or a stacked-layer structure in which these materials are combined.

[0099]

Further, the gate insulating film 346 may be formed using an insulating

material containing a Group 13 element and oxygen. Many of oxide semiconductor

materials contain a Group 13 element, and an insulating material containing a Group 13

element works well with oxide semiconductor materials. Therefore, with the use of an

insulating material containing a Group 13 element and oxygen for an insulating film_in_

cohtacFwiiE the oxide semiconductor film, an interface with the oxide semiconductor

film can keep a favorable state.

[0100]



Here, an insulating material containing a Group 13 element refers to an

insulating material containing one or more Group 13 elements. As the insulating

material containing a Group 13 element, gallium oxide, aluminum oxide, aluminum

gallium oxide, gallium aluminum oxide, or the like can be given as an example. Here,

the amount of aluminum is larger than that of gallium in atomic percent in aluminum

gallium oxide, whereas the amount of gallium is larger than or equal to that of

aluminum in atomic percent in gallium aluminum oxide.

[0101]

For example, when a material containing gallium oxide is used for the gate

insulating film 346 that is in contact with the oxide semiconductor film 342a containing

gallium, characteristics at the interface between the oxide semiconductor film and the

gate insulating film can be kept favorable. The oxide semiconductor film and an

insulating film containing gallium oxide are provided in contact with each other, so that

pileup of hydrogen at the interface between the oxide semiconductor film and the

insulating film can be reduced. Note that a similar effect can be obtained in the case

where an element in the same group as a constituent element of the oxide semiconductor

is used in an insulating film. For example, it is effective to form an insulating film

with the use of a material containing aluminum oxide. Note that aluminum oxide has a

property of not easily transmitting water. Thus, it is preferable to use a material

containing aluminum oxide in terms of preventing entry of water into the oxide

semiconductor film.

[0102]

By the heat treatment performed on the oxide semiconductor film 342 (or the

oxide semiconductor film 342a), oxygen in the oxide semiconductor film 342 is

released together with hydrogen. When oxygen is released from the oxide

semiconductor film 342, oxygen deficiency is caused therein. Part of the oxygen

deficiency becomes a donor, which leads to generation of carriers in the oxide

semiconductor film 342. As a result, characteristics of the transistor might be affected.

[0103]

Therefore, an insulating film from which oxygen is discharged by heat

treatment is preferably used as the gate insulating film 346 in contact with the oxide

semiconductor film 342a.



[0104]

In this specification and the like, the expression "oxygen is discharged by heat

treatment" means that the amount of discharged oxygen (or released oxygen) which is

converted into oxygen atoms is greater than or equal to 1.0 x 10 18 cm- 3, preferably

greater than or equal to 3.0 x 1020 cm- 3, in thermal desorption spectroscopy (TDS)

analysis. In contrast, the expression "oxygen is not discharged by heat treatment"

means that the amount of discharged oxygen (or released oxygen) which is converted

into oxygen atoms is less than 1.0 x 1018 cm- 3 in TDS analysis.

[0105]

A method for quantifying the amount of released oxygen which is converted

into oxygen atoms, with the use of TDS analysis is described below.

[0106]

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

value of ion intensity. Therefore, the amount of discharged gas can be calculated from

the ratio between the integral value of ion intensity of an insulating film and the

reference value of a standard sample. The reference value of a standard sample refers

to, in a sample containing an atom at a predetermined density, the ratio of the density of

the atom to the integral value of ion intensity corresponding to the atom.

[0107]

For example, the number of the discharged oxygen molecules (No2) from an

insulating film can be found according to the following formula (2) with the TDS

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

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

gases having a mass number of 32 which are obtained in the TDS analysis are assumed

to originate from an oxygen molecule. Note that 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.

[0108]



[FORMULA 2]

N 0 2 = N N S S0 ( 2 )

[0109]

In the formula, N H2 is the value obtained by conversion of the number of

hydrogen molecules desorbed from the standard sample into densities, and S H2 the

integral value of ion intensity when the standard sample is subjected to TDS analysis.

Here, the reference value of the standard sample is set to H2 S 2. Further, So2 is the

integral value of ion intensity when the insulating film is subjected to TDS analysis, and

a is a coefficient affecting the ion intensity in the TDS analysis. Japanese Published

Patent Application No. H6-275697 can be referred to for details of the formula (2).

Note that the above value of the amount of discharged oxygen is obtained by

measurement with a thermal desorption spectrometer produced by ESCO Ltd.,

EMD-WA1000S/W using a silicon wafer containing hydrogen atoms at 1 x 10 16 cm- 3 as

the standard sample.

[0110]

Further, in the 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 discharged oxygen atoms can

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

molecules.

[0111]

Note that No2 is the number of the discharged oxygen molecules. In the

insulating film, the amount of discharged oxygen when converted into oxygen atoms is

twice the number of the discharged oxygen molecules.

[0112]

As an example of a film from which oxygen is discharged by heat treatment, a

film_of__oxygen-excess silicon- oxide- (S - x~ >~ 2)) ^is givenT Ih 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.

[0113]

An insulating film from which oxygen is discharged by heat treatment is used

as an insulating film in contact with the oxide semiconductor film 342a (for example,

the insulating film 324, the gate insulating film 346), and is subjected to heat treatment

in any of steps after the formation of the gate insulating film 346, so that oxygen is

discharged from the insulating film 324 and the gate insulating film 346 to be supplied

to the oxide semiconductor film 342a. Consequently, oxygen deficiency generated in

the oxide semiconductor film 342a can be compensated for and can be reduced.

Therefore, generation of carriers in the oxide semiconductor film 342a can be

suppressed, whereby variation in electrical characteristics of the transistor can be

suppressed.

[0114]

Next, after a conductive film is formed over the gate insulating film 346, a

resist mask is formed through a photolithography process over the conductive film and

the conductive film is etched to have a desired shape with the use of the resist mask, so

that a gate electrode 348 is formed (see FIG. 5D). The conductive film can be formed

by using a metal material such as molybdenum, titanium, tantalum, tungsten, aluminum,

copper, neodymium, or scandium, or an alloy material containing any of these materials

as a main component. The conductive film can have either a single-layer structure or a

stacked-layer structure.

[0115]

A dopant imparting n-type conductivity is added to the oxide semiconductor

film 342a with the use of the gate electrode 348, the source and drain electrodes 344a

and 344b as masks; in this manner, a pair of dopant regions 349a and 349b are formed

(see FIG. 6A). In the oxide semiconductor film 342a, a region between the dopant

region 349a and the dopant region 349b serves a channel. The channel in the oxide

semiconductor film 342a overlaps with the gate electrode 348 with the gate insulating

film-346 interpOs^lHefebelwe^n.

[0116]

The addition of the dopant for forming the dopant regions 349a and 349b can

be performed by an ion implantation method. As the dopant, for example, a rare gas



such as helium, argon, or xenon, a Group 15 element such as nitrogen, phosphorus,

arsenic, or antimony, or the like can be used. For example, in the case where nitrogen

is used as the dopant, the concentration of nitrogen atoms in the dopant regions 349a

and 349b is preferably higher than or equal to 5 x 1019 /cm3 and lower than or equal to 1

x 1022 /cm3. The dopant regions 349a and 349b to which the dopant imparting n-type

conductivity is added have higher conductivity than the other regions in the oxide

semiconductor film 342a. Therefore, by providing the dopant regions 349a and 349b

in the oxide semiconductor film 342a, the resistance between the source and drain

electrodes 344a and 344b can be decreased.

[0117]

Then, an insulating film 350 and an insulating film 352 are formed over the

gate insulating film 346 and the gate electrode 348 (see FIG. 6A). The insulating film

350 and the insulating film 352 can be formed by a PVD method, a CVD method, or the

like. The insulating film 350 and the insulating film 352 can be formed using a

material containing an inorganic insulating material such as silicon oxide, silicon

oxynitride, silicon nitride, hafnium oxide, gallium oxide, or aluminum oxide, or a

material containing an organic material such as polyimide or acrylic. Note that for the

insulating film 350 and the insulating film 352, a material with a low dielectric constant

or a structure with a low dielectric constant (e.g., a porous structure) is preferably used.

This is because when the insulating layer 150 and the insulating layer 152 have a low

dielectric constant, capacitance generated between wirings, electrodes, or the like can be

reduced and operation at higher speed can be achieved. For example, a material

containing an inorganic material can be used for the insulating film 350 and a material

containing an organic material can be used for the insulating film 352.

[0118]

An aluminum oxide film has a property of blocking hydrogen, water, and the

like. Therefore, the insulating film 350 is preferably formed using an aluminum oxide

film in order to prevent hydrogen, water, and the like from entering the oxide

semiconductor - film 342a from the outside of the memory device. Further, an

aluminum oxide film also has a property of blocking oxygen, so that outward diffusion

of oxygen contained in the oxide semiconductor film 342a can be suppressed. The use



of an aluminum oxide film for the insulating film 350 not only can prevent hydrogen,

water, and the like from entering the oxide semiconductor film 342a but also can

suppress outward diffusion of oxygen contained in the oxide semiconductor film 342a.

Therefore, variation in electrical characteristics of the transistor can be suppressed.

[0119]

Next, an opening reaching the source or drain electrode 344b is formed in the

gate insulating film 346, the insulating film 350, and the insulating film 352. The

opening is formed by selective etching with the use of a mask or the like. After that, a

conductive film is formed in contact with the source or drain electrode 344b. Next, the

conductive film is subjected to etching or CMP treatment to form an electrode 354 (see

FIG. 6B).

[0120]

Next, a wiring 356 is formed over the insulating film 352 and be in contact

with the electrode 354 (see FIG. 6B). The wiring 356 is formed in such a manner that

a conductive film is formed by a PVD method or a CVD method and then the

conductive film is processed. For the conductive film, a metal material such as

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

containing any of these metal materials as a component, or the like can be used. Any

of manganese, magnesium, zirconium, beryllium, neodymium, and scandium, or a

material including any of these in combination may be used.

[0121]

Further, the wiring 356 may be formed without formation of the electrode 354.

For example, it is possible to employ a method in which a thin titanium film is formed

in a region including the opening of the insulating film 350 by a PVD method and then

an aluminum film is formed so as to be embedded in the opening. Here, the titanium

film formed by a PVD method has a function of reducing an oxide film (e.g., a natural

oxide film) formed on a surface where the titanium film is formed, to decrease contact

resistance with a lower electrode or the like (here, the source or drain electrode 344b).

A copper film may be formed by a plating method after the formation of the barrier film

of titanium, titanium nitride, or the like.

[0122]

By the wiring 356, the lower transistor and the upper transistor can be



connected to each other (not illustrated).

[0123]

Though the above steps, the n-channel transistor 113 and the p-channel

transistor 111 which are included in the flip-flop 10 and a transistor 115 in which the

channel is formed in the oxide semiconductor film and which is included in the memory

11 are completed (see FIG. 6B).

[0124]

<Modification Example of Transistor>

Modification examples of the transistor whose channel is formed in the oxide

semiconductor film will be described below with reference to FIGS. 7A to 7C.

[0125]

A transistor 411 illustrated in FIG. 7A includes a source or drain electrode 414a

and a source or drain electrode 414b which are formed over the base film 412, an oxide

semiconductor film 413 which is formed over the source and drain electrodes 414a and

414b, a gate insulating film 415 over the oxide semiconductor film 413 and the source

and drain electrodes 414a and 414b, and a gate electrode 416 provided over the gate

insulating film 415 so as to overlap with the oxide semiconductor film 413. Further, a

protective insulating film 417 is provided over the transistor 411.

[0126]

The transistor 411 illustrated in FIG. 7A has a top-gate structure where the gate

electrode 416 is formed over the oxide semiconductor film 413, and has a

bottom-contact structure where the source and drain electrodes 414a and 414b are

formed below the oxide semiconductor film 413. In addition, the source and drain

electrodes 414a and 414b and the gate electrode 416 do not overlap in the transistor 411;

thus, parasitic capacitance between the gate electrode 416 and the source and drain

electrodes 414a and 414b can be made low, so that high-speed operation can be realized.

[0127]

The oxide semiconductor film 413 includes a pair of dopant regions 418a and

418b which are obtained by addition of a dopant imparting n-type conductivity to the

oxide semiconductor film 413 after formation of the gate electrode 416. Further, in the

oxide semiconductor film 413, a region with which the gate electrode 416 overlaps with

the gate insulating film 415 provided therebetween is a region 419 where a channel is



formed. In the oxide semiconductor film 413, the region 419 where the channel is

formed is provided between the pair of dopant regions 418a and 418b. The addition of

the dopant for forming the dopant regions 418a and 418b can be performed by an ion

implantation method. A rare gas such as helium, argon, or xenon, nitrogen,

phosphorus, arsenic, antimony, boron, or the like can be used as the dopant, for

example.

[0128]

For example, in the case where nitrogen is used as the dopant, the

concentration of nitrogen atoms in the dopant regions 418a and 418b is preferably

higher than or equal to 5 x 10 /cm and lower than or equal to 1 x 10 /cm .

[0129]

The dopant regions 418a and 418b to which the dopant imparting n-type

conductivity is added have higher conductivity than the other regions in the oxide

semiconductor film 413. Therefore, by providing the dopant regions 418a and 418b in

the oxide semiconductor film 413, the resistance between the source and drain

electrodes 414a and 414b can be decreased.

[0130]

Further, the oxide semiconductor film 413 may be a CAAC-OS film. When

the oxide semiconductor film 413 is a CAAC-OS film, the conductivity of the oxide

semiconductor film 413 can be higher than that in the case of using an amorphous oxide

semiconductor film; therefore, the resistance between the source and drain electrodes

414a and 414b can be reduced.

[0131]

By reducing the resistance between the source and drain electrodes 414a and

414b, a high on-state current and high-speed operation can be ensured even when the

transistor 411 is miniaturized. In addition, by miniaturization of the transistor 411, the

area of a semiconductor device including the transistor can be reduced, so that the

number of transistors per unit area can be increased.

[0132]

A transistor 421 illustrated in FIG. 7B includes an oxide semiconductor film

423 formed over a base film 422, a source or drain electrode 424a and a source or a

drain electrode 424b which are formed over the oxide semiconductor film 423, a gate



insulating film 425 over the oxide semiconductor film 423 and the source and drain

electrodes 424a and 424b, a gate electrode 426 provided over the gate insulating film

425 so as to overlap with the oxide semiconductor film 423, and a protective insulating

film 427 provided over the gate electrode 426 and covering the oxide semiconductor

film 423. The transistor 421 further includes sidewalls 430a and 430b provided on

side surfaces of the gate electrode 426 and formed using an insulating film.

[0133]

The transistor 421 illustrated in FIG. 7B has a top-gate structure where the gate

electrode 426 is formed over the oxide semiconductor film 423, and has a top-contact

structure where the source and drain electrodes 424a and 424b are formed over the

oxide semiconductor film 423. In addition, similarly to the transistor 411, the source

and drain electrodes 424a and 424b and the gate electrode 426 do not overlap in the

transistor 421; thus, parasitic capacitance between the gate electrode 426 and the source

and drain electrodes 424a and 424b can be made low, so that high-speed operation can

be realized.

[0134]

The oxide semiconductor film 423 includes a pair of high-concentration dopant

regions 428a and 428b and a pair of low-concentration dopant regions 429a and 429b

which are obtained by addition of dopants imparting n-type conductivity to the oxide

semiconductor film 423 after formation of the gate electrode 426. Further, in the oxide

semiconductor film 423, a region with which the gate electrode 426 overlaps with the

gate insulating film 425 provided therebetween is a region 431 where a channel is

formed. In the oxide semiconductor film 423, the pair of low-concentration dopant

regions 429a and 429b are provided between the pair of high-concentration dopant

regions 428a and 428b, and the region 431 where the channel is formed is provided

between the pair of low-concentration dopant regions 429a and 429b. The pair of

low-concentration dopant regions 429a and 429b are provided in regions which are

[0135]

Similarly to the dopant regions 418a and 418b included in the transistor 411,

the high-concentration dopant regions 428a and 428b and the low-concentration dopant



regions 429a and 429b can be formed by an ion implantation method. The description

of the dopant regions 418a and 418b can be referred to for the kind of the dopant for

forming the high-concentration dopant regions 428a and 428b.

[0136]

For example, in the case where nitrogen is used as the dopant, the

concentration of nitrogen atoms in the high-concentration dopant regions 428a and 428b

is preferably higher than or equal to 5 x 10 19 /cm3 and lower than or equal to 1 x 1022

/cm . Moreover, in the case where nitrogen is used as the dopant, for example, the

concentration of nitrogen atoms in the low-concentration dopant regions 429a and 429b

is preferably higher than or equal to 5 x 1018 /cm3 and lower than 5 x 1019 /cm3.

[0137]

The high-concentration dopant regions 428a and 428b to which the dopant

imparting n-type conductivity is added have higher conductivity than the other regions

in the oxide semiconductor film 423. Therefore, by providing the high-concentration

dopant regions 428a and 428b in the oxide semiconductor film 423, the resistance

between the source and drain electrodes 424a and 424b can be decreased. The

low-concentration dopant regions 429a and 429b are provided between the region 431

where the channel is formed and the high-concentration dopant regions 428a and 428b,

so that a negative shift of the threshold voltage due to a short-channel effect can be

reduced.

[0138]

Further, the oxide semiconductor film 423 may be a CAAC-OS film. When

the oxide semiconductor film 423 is a CAAC-OS film, the conductivity of the oxide

semiconductor film 423 can be higher than that in the case of using an amorphous oxide

semiconductor film; therefore, the resistance between the source and drain electrodes

424a and 424b can be reduced.

[0139]

By reducing the resistance between the source and drain electrodes jj4a and

424b, a high on-state current and high-speed operation can be ensured even when the

transistor 421 is miniaturized.

[0140]



A transistor 441 illustrated in FIG. 7C includes a source or drain electrode 444a

and a source or drain electrode 444b which are formed over a base film 442, an oxide

semiconductor film 443 which is formed over the source and drain electrodes 444a and

444b and which serves as an active layer, a gate insulating film 445 over the oxide

semiconductor film 443 and the source and drain electrodes 444a and 444b, a gate

electrode 446 provided over the gate insulating film 445 so as to overlap with the oxide

semiconductor film 443, and sidewalls 450a and 450b which are provided on side

surfaces of the gate electrode 446 and which are formed using an insulating film.

Further, a protective insulating film 447 is formed over the transistor 441.

[0141]

The transistor 441 illustrated in FIG. 7C has a top-gate structure where the gate

electrode 446 is formed over the oxide semiconductor film 443, and has a

bottom-contact structure where the source and drain electrodes 444a and 444b are

formed below the oxide semiconductor film 443. In addition, similarly to the

transistor 411, the source and drain electrodes 444a and 444b and the gate electrode 446

do not overlap in the transistor 441; thus, parasitic capacitance between the gate

electrode 446 and the source and drain electrodes 444a and 444b can be made low, so

that high-speed operation can be realized.

[0142]

The oxide semiconductor film 443 includes a pair of high-concentration dopant

regions 448a and 448b and a pair of low-concentration dopant regions 449a and 449b

which are obtained by addition of dopants imparting n-type conductivity to the oxide

semiconductor film 443 after formation of the gate electrode 446. Further, in the oxide

semiconductor film 443, a region with which the gate electrode 446 overlaps with the

gate insulating film 445 provided therebetween is a region 451 where a channel is

formed. In the oxide semiconductor film 443, the pair of low-concentration dopant

regions 449a and 449b are provided between the pair of high-concentration dopant

regions 448a and 448b, and the region 451 where the channel is formed is provided

between the pair of low-concentration dopant regions 449a and 449b. The pair of

low-concentration dopant regions 449a and 449b are provided in regions which are

included in the oxide semiconductor film 443 and with which the sidewalls 450a and

450b overlap with the gate insulating film 445 provided therebetween.



[0143]

Similarly to the dopant regions 418a and 418b included in the transistor 411,

the high-concentration dopant regions 448a and 448b and the low-concentration dopant

regions 449a and 449b can be formed by an ion implantation method. The description

of the dopant regions 418a and 418b can be referred to for the kind of the dopant for

forming the high-concentration dopant regions 448a and 448b.

[0144]

For example, in the case where nitrogen is used as the dopant, the

concentration of nitrogen atoms in the high-concentration dopant regions 448a and 448b

is preferably higher than or equal to 5 x 10 19 /cm3 and lower than or equal to 1 x 1022

/cm3. Moreover, in the case where nitrogen is used as the dopant, for example, the

concentration of nitrogen atoms in the low-concentration dopant regions 449a and 449b

is preferably higher than or equal to 5 x 1018 /cm3 and lower than 5 x 1019 /cm3.

[0145]

The high-concentration dopant regions 448a and 448b to which the dopant

imparting n-type conductivity is added have higher conductivity than the other regions

in the oxide semiconductor film 443. Therefore, by providing the high-concentration

dopant regions 448a and 448b in the oxide semiconductor film 443, the resistance

between the source and drain electrodes 444a and 444b can be decreased. The

low-concentration dopant regions 449a and 449b are provided between the region 451

where the channel is formed and the high-concentration dopant regions 448a and 448b,

so that a negative shift of the threshold voltage due to a short-channel effect can be

reduced.

[0146]

Further, the oxide semiconductor film 443 may be a CAAC-OS film. When

the oxide semiconductor film 443 is a CAAC-OS film, the conductivity of the oxide

semiconductor film 443 can be higher than that in the case of using an amorphous oxide

semiconductor film; therefore, the resistance between the source and drain electrodes

444a and 444b can be reduced.

[0147]

By reducing the resistance between the source and drain electrodes 444a and



444b, a high on-state current and high-speed operation can be ensured even when the

transistor 441 is miniaturized. In addition, by miniaturization of the transistor 441, the

area of a semiconductor device including the transistor can be reduced, so that the

number of transistors per unit area can be increased.

[0148]

A base film positioned below the oxide semiconductor film or a protective

insulating film positioned above the oxide semiconductor film is preferably formed

using a material that has a high barrier property against an alkali metal, hydrogen, and

oxygen. For example, as the insulating film having a high barrier property, a silicon

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

film, an aluminum oxynitride film, an aluminum nitride oxide film, or the like can be

used. As the base film and the protective insulating film, a single layer or a stack of

layers of the insulating film having a high barrier property, or a stack of layers of the

insulating film having a high barrier property and the insulating film having a low

barrier property may be used.

[0149]

Covering the oxide semiconductor film with an insulating film having a high

barrier property can prevent entry of impurities from the outside and release of oxygen

from the oxide semiconductor film. Therefore, the reliability of the transistor can be

improved.

[0150]

<Example of Crystal Structure of Oxide Semiconductor

A CAAC-OS film will be described below.

[0151]

An example of a crystal structure of the CAAC-OS film will be described in

detail with reference to FIGS. 8A to 8E, FIGS. 9A to 9C, FIGS. 10A to IOC, and FIGS.

11A and 11B. In FIGS. 8A to 8E, FIGS. 9A to 9C, FIGS. 10A to IOC, and FIGS. 11A

and 11B, the vertical direction corresponds to the c-axis direction and a plane

perpendicular to the c-axis direction corresponds to the a-b plane, unless otherwise

specified. When the expressions "an upper half" and "a lower half" are simply used,

they refer to an upper half above the a-b plane and a lower half below the a-b plane (an

upper half and a lower half with respect to the a-b plane). Furthermore, in FIGS. 8A to



8E, O surrounded by a circle represents a tetracoordianate O atom and a double circle

represents a tricoordinate O atom.

[0152]

FIG. 8A illustrates a structure including one hexacoordinate In atom and six

tetracoordinate oxygen (hereinafter referred to as tetracoordinate O) atoms proximate to

the In atom. Here, a structure including one metal atom and oxygen atoms proximate

thereto is referred to as a small group. The structure in FIG. 8A is actually an

octahedral structure, but is illustrated as a planar structure for simplicity. Note that

three tetracoordinate O atoms exist in each of an upper half and a lower half in FIG. 8A.

In the small group illustrated in FIG. 8A, charge is 0.

[0153]

FIG. 8B illustrates a structure including one pentacoordinate Ga atom, three

tricoordinate oxygen (hereinafter referred to as tricoordinate O) atoms proximate to the

Ga atom, and two tetracoordinate O atoms proximate to the Ga atom. All the

tricoordinate O atoms exist on the a-b plane. One tetracoordinate O atom exists in

each of an upper half and a lower half in FIG. 8B. An In atom can also have the

structure illustrated in FIG. 8B because an In atom can have five ligands. In the small

group illustrated in FIG. 8B, charge is 0.

[0154]

FIG. 8C illustrates a structure including one tetracoordinate Zn atom and four

tetracoordinate O atoms proximate to the Zn atom. In FIG. 8C, one tetracoordinate O

atom exists in an upper half and three tetracoordinate O atoms exist in a lower half.

Alternatively, three tetracoordinate O atoms may exist in the upper half and one

tetracoordinate O atom may exist in the lower half in FIG. 8C. In the small group

illustrated in FIG. 8C, charge is 0.

[0155]

FIG. 8D illustrates a structure including one hexacoordinate Sn atom and six

tetracoordinate O atoms proximate to the Sn atom. In FIG 8D, three tetracoordinate O

atoms exist in each of an upper half and a lower half. In the small group illustrated in

FIG. 8D, charge is +1.

[0156]

FIG. 8E illustrates a small group including two Zn atoms. In FIG. 8E, one



tetracoordinate O atom exists in each of an upper half and a lower half. In the small

group illustrated in FIG. 8E, charge is -1.

[0157]

Here, a plurality of small groups form a medium group, and a plurality of

medium groups form a large group (also referred to as a unit cell).

[0158]

Now, a rule of bonding between the small groups will be described. The three

O atoms in the upper half with respect to the hexacoordinate In atom in FIG. 8A each

have three proximate In atoms in the downward direction, and the three O atoms in the

lower half each have three proximate In atoms in the upward direction. The one O

atom in the upper half with respect to the pentacoordinate Ga atom in FIG. 8B has one

proximate Ga atom in the downward direction, and the one O atom in the lower half has

one proximate Ga atom in the upward direction. The one O atom in the upper half

with respect to the tetracoordinate Zn atom in FIG. 8C has one proximate Zn atom in the

downward direction, and the three O atoms in the lower half each have three proximate

Zn atoms in the upward direction. In this manner, the number of tetracoordinate O

atoms above a metal atom is equal to the number of metal atoms proximate to and

below the tetracoordinate O atoms; similarly, the number of tetracoordinate O atoms

below a metal atom is equal to the number of metal atoms proximate to and above the

tetracoordinate O atoms. Since the coordination number of the tetracoordinate O atom

is 4, the sum of the number of the metal atoms proximate to and below the O atom and

the number of the metal atoms proximate to and above the O atom is 4. Accordingly,

when the sum of the number of tetracoordinate O atoms above a metal atom and the

number of tetracoordinate O atoms below another metal atom is 4, the two kinds of

small groups including the metal atoms can be bonded. For example, in the case

where the hexacoordinate metal (In or Sn) atom is bonded through three tetracoordinate

O atoms in the lower half, it is bonded to the pentacoordinate metal (Ga or In) atom or

the tetracoordinate metal (Zn) atom.

A metal atom whose coordination number is 4, 5, or 6 is bonded to another

metal atom through a tetracoordinate O atom in the c-axis direction. In addition to the

above, a medium group can be formed in a different manner by combining a plurality of



small groups so that the total charge of the layered structure is 0.

[0160]

FIG. 9A illustrates a model of a medium group included in a layered structure

of an In-Sn-Zn-O-based material. FIG. 9B illustrates a large group including three

medium groups. Note that FIG 9C illustrates an atomic arrangement in the case where

the layered structure in FIG. 9B is observed from the c-axis direction.

[0161]

In FIG. 9A, for simplicity, a tricoordinate O atom is omitted and a

tetracoordinate O atom is illustrated by a circle; the number in the circle shows the

number of tetracoordinate O atoms. For example, three tetracoordinate O atoms

existing in each of an upper half and a lower half with respect to a Sn atom are denoted

by circled 3. Similarly, in FIG. 9A, one tetracoordinate O atom existing in each of an

upper half and a lower half with respect to an In atom is denoted by circled 1. FIG. 9A

also illustrates a Zn atom proximate to one tetracoordinate O atom in a lower half and

three tetracoordinate O atoms in an upper half, and a Zn atom proximate to one

tetracoordinate O atom in an upper half and three tetracoordinate O atoms in a lower

half.

[0162]

In the medium group included in the layered structure of the In-Sn-Zn-O-based

material in FIG 9A, in the order starting from the top, a Sn atom proximate to three

tetracoordinate O atoms in each of an upper half and a lower half is bonded to an In

atom proximate to one tetracoordinate O atom in each of an upper half and a lower half,

the In atom is bonded to a Zn atom proximate to three tetracoordinate O atoms in an

upper half, the Zn atom is bonded to an In atom proximate to three tetracoordinate O

atoms in each of an upper half and a lower half through one tetracoordinate O atom in a

lower half with respect to the Zn atom, the In atom is bonded to a small group that

includes two Zn atoms and is proximate to one tetracoordinate O atom in an upper half,

and the small group is bonded to a Sn atom proximate to three tetracoordinate O atoms

in each of an upper half and a lower half through one tetracoordinate O atom in a lower

half with respect to the small group. A plurality of such medium groups are bonded,

so that a large group is formed.

[0163]



Here, charge for one bond of a tricoordinate O atom and charge for one bond of

a tetracoordinate O atom can be assumed to be -0.667 and -0.5, respectively. For

example, charge of a (hexacoordinate or pentacoordinate) In atom, charge of a

(tetracoordinate) Zn atom, and charge of a (pentacoordinate or hexacoordinate) Sn atom

are +3, +2, and +4, respectively. Accordingly, charge in a small group including a Sn

atom is +1. Therefore, charge of -1, which cancels +1, is needed to form a layered

structure including a Sn atom. As a structure having charge of -1, the small group

including two Zn atoms as illustrated in FIG. 8E can be given. For example, with one

small group including two Zn atoms, charge of one small group including a Sn atom can

be cancelled, so that the total charge of the layered structure can be 0.

[0164]

When the large group illustrated in FIG. 9B is repeated, an In-Sn-Zn-O-based

crystal (In SnZn30 8) can be obtained. Note that a layered structure of the obtained

In-Sn-Zn-O-based crystal can be expressed as a composition formula,

In SnZn 0 7(ZnO)m ( is 0 or a natural number).

[0165]

The above-described rule also applies to the following oxides: an

In-Sn-Ga-Zn-O-based oxide which is an oxide of four metal elements; an

In-Ga-Zn-O-based oxide (also referred to as IGZO), an In-Al-Zn-O-based oxide, a

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

In-Hf-Zn-O-based oxide, an In-La-Zn-O-based oxide, an In-Ce-Zn-O-based oxide, an

In-Pr-Zn-O-based oxide, an In-Nd-Zn-O-based oxide, an In-Sm-Zn-O-based oxide, an

In-Eu-Zn-O-based oxide, an In-Gd-Zn-O-based oxide, an In-Tb-Zn-O-based oxide, an

In-Dy-Zn-O-based oxide, an In-Ho-Zn-O-based oxide, an In-Er-Zn-O-based oxide, an

In-Tm-Zn-O-based oxide, an In-Yb-Zn-O-based oxide, or an In-Lu-Zn-O-based oxide,

which is an oxide of three metal elements; an In-Zn-O-based oxide, a Sn-Zn-O-based

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

In-Mg-O-based oxide, or an In-Ga-O-based oxide which js_an_oxide f meta

[0166]

As an example, FIG. 10A illustrates a model of a medium group included in a



layered structure of an In-Ga-Zn-O-based material.

[0167]

In the medium group included in the layered structure of the In-Ga-Zn-O-based

material in FIG. 10A, in the order starting from the top, an In atom proximate to three

tetracoordinate O atoms in each of an upper half and a lower half is bonded to a Zn

atom proximate to one tetracoordinate O atom in an upper half, the Zn atom is bonded

to a Ga atom proximate to one tetracoordinate O atom in each of an upper half and a

lower half through three tetracoordinate O atoms in a lower half with respect to the Zn

atom, and the Ga atom is bonded to an In atom proximate to three tetracoordinate O

atoms in each of an upper half and a lower half through one tetracoordinate O atom in a

lower half with respect to the Ga atom. A plurality of such medium groups are bonded,

so that a large group is formed.

[0168]

FIG. 10B illustrates a large group including three medium groups. Note that

FIG. IOC illustrates an atomic arrangement in the case where the layered structure in

FIG. 10B is observed from the c-axis direction.

[0169]

Here, since charge of a (hexacoordinate or pentacoordinate) In atom, charge of

a (tetracoordinate) Zn atom, and charge of a (pentacoordinate) Ga atom are +3, +2, and

+3, respectively, charge of a small group including any of an In atom, a Zn atom, and a

Ga atom is 0. As a result, the total charge of a medium group having a combination of

such small groups is always 0.

[0170]

In order to form the layered structure of the In-Ga-Zn-O-based material, a large

group can be formed using not only the medium group illustrated in FIG. 10A but also a

medium group in which the arrangement of the In atom, the Ga atom, and the Zn atom

is different from that in FIG. 10A.

[0171]

When the large group illustrated in FIG. 10B is repeated, an In-Ga-Zn-O-based

crystal can be obtained. Note that a layered structure of the obtained

In-Ga-Zn-O-based crystal can be expressed as a composition formula, InGa0 3 (ZnO)„



(n is a natural number).

[0172]

In the case where n = 1 (InGaZn0 4), a crystal structure illustrated in FIG. 11A

can be obtained, for example. Note that in the crystal structure in FIG 11A, since a Ga

5 atom and an In atom each have five ligands as described with FIG. 8B, a structure in

which Ga is replaced with In can be obtained.

[0173]

In the case where n = 2 (InGaZn 20 5), a crystal structure illustrated in FIG. 11B

can be obtained, for example. Note that in the crystal structure in FIG. 11B, since a Ga

10 atom and an In atom each have five ligands as described with FIG. 8B, a structure in

which Ga is replaced with In can be obtained.

[0174]

As described above, a variety of crystal structures of the CAAC-OS film can be

obtained.

15 [0175]

Characteristics of Transistor whose Channel is Formed in Oxide Semiconductor Film>

Electrical characteristics of a transistor whose channel is formed in an oxide

semiconductor film will be described below.

[0176]

20 FIGS. 12A and 12B are a top view and a cross-sectional view of each of

transistors (Sample 1 and Sample 2). FIG. 12A is a top view of each transistor. FIG.

12B is a cross-sectional view along dashed-dotted line A-B in FIG. 12A.

[0177]

The transistor shown in FIG. 12B includes a substrate 600; a base insulating

25 film 602 provided over the substrate 600; an oxide semiconductor film 606 provided

over the base insulating film 602; a pair of electrodes 614 in contact with the oxide

semiconductor film 606; a gate insulating film 608 provided over the oxide

semiconductor film 606 and the pair of electrodes 614; a gate electrode 610 provided to

— : overlap with the oxide semiconductor film 606 with the gate insulating film 608

30 provided therebetween; an interlayer insulating film 616 provided to cover the gate

insulating film 608 and the gate electrode 610; wirings 618 connected to the pair of



electrodes 614 through openings formed in the gate insulating film 608 and the

interlayer insulating film 616; and a protective film 620 provided to cover the interlayer

insulating film 616 and the wirings 618.

[0178]

A glass substrate can be used as the substrate 600. A silicon oxide film can be

used as the base insulating film 602. An In-Sn-Zn-0 film can be used as the oxide

semiconductor film 606. A tungsten film can be used as the pair of electrodes 614. A

silicon oxide film can be used as the gate insulating film 608. A stacked-layer

structure of a tantalum nitride film and a tungsten film can be used for the gate electrode

610. A stacked-layer structure of a silicon oxynitride film and a polyimide film can be

used for the interlayer insulating film 616. A stacked-layer structure in which a

titanium film, an aluminum film, and a titanium film are stacked in this order can be

used for each of the wirings 618. A polyimide film can be used as the protective film

620.

[0179]

In the transistor having the structure shown in FIG. 12A, the width of a portion

where the gate electrode 610 overlaps with the electrode 614 is referred to as Lov. In

addition, the width of a portion of the electrode 614 which does not overlap with the

oxide semiconductor film 606 is referred to as dW.

[0180]

A method for forming the transistors (Samples 1 and 2) having the structure

shown in FIG. 12B is described below.

[0181]

First, plasma treatment is performed on a surface of the substrate 600 in an

argon atmosphere. The plasma treatment is carried out with a sputtering apparatus by

applying a bias power of 200 W (RF) to the substrate 600 side for 3 minutes.

[0182]

Subsequently, without breaking the vacuum, a silicon oxide film as the base

insulating film 602 is formed to have a thickness of 300 nm.

[0183]

The silicon oxide film is formed with a sputtering apparatus with a power of

1500 W (RF) in an oxygen atmosphere. A quartz target is used as a target. The



substrate heating temperature in the film deposition is set at 100 °C.

[0184]

Next, a surface of the base insulating film 602 is processed by CMP to be

planarized such that R is about 0.2 nm.

[0185]

Next, over the planarized base insulating film 602, an In-Sn-Zn-0 film as the

oxide semiconductor film is formed to have a thickness of 15 nm.

[0186]

The In-Sn-Zn-0 film is formed with a sputtering apparatus with a power of 100

W (DC) in a mixed atmosphere of argon: oxygen = 2:3 [volume ratio]. An In-Sn-Zn-0

target of In:Sn:Zn = 1:1:1 [atomic ratio] is used as a target. The substrate heating

temperature in the film deposition is set at 200 °C.

[0187]

Next, heat treatment is performed only on Sample 2 at 650 °C. As the heat

treatment, heat treatment in a nitrogen atmosphere is first performed for 1 hour and then

heat treatment in an oxygen atmosphere is performed for 1 hour while keeping the

temperature.

[0188]

Then, a resist mask is formed by a photolithography process and the oxide

semiconductor film is processed by etching using the resist mask, whereby the oxide

semiconductor film 606 is formed.

[0189]

Next, the tungsten film is formed over the oxide semiconductor film 606 to

have a thickness of 50 nm.

[0190]

The tungsten film is formed with a sputtering apparatus with a power of 1000

W (DC) in an argon atmosphere. The substrate heating temperature in the film

deposition is set at 200 °C. _

[0191]

Then, a resist mask is formed by a photolithography process and the tungsten

film is processed by etching using the resist mask, whereby the pair of electrodes 614



are formed.

[0192]

Next, a silicon oxide film as the gate insulating film 608 is formed to have a

thickness of 100 nm. The relative permittivity of the silicon oxide film is set at 3.8.

[0193]

The silicon oxide film as the gate insulating film 608 can be formed in a similar

manner to the base insulating film 602.

[0194]

Next, over the gate insulating film 608, a tantalum nitride film and a tungsten

film are formed in this order to have thicknesses of 15 nm and 135 nm, respectively.

[0195]

The tantalum nitride film is formed with a sputtering apparatus with a power of

1000 W (DC) in a mixed atmosphere of argon: nitrogen = 5:1. Substrate heating is not

performed in the film deposition.

[0196]

The tungsten film is formed with a sputtering apparatus with a power of 4000

W (DC) in an argon atmosphere. The substrate heating temperature in the film

deposition is set at 200 °C.

[0197]

Then, a resist mask is formed by a photolithography process and the tantalum

nitride film and the tungsten film are processed by etching using the resist mask,

whereby the gate electrode 610 is formed.

[0198]

Next, a silicon oxynitride film as part of the interlayer insulating film 616 is

formed over the gate insulating film 608 and the gate electrode 610 to have a thickness

of 300 nm.

[0199]

The silicon oxynitride film as part of the interlayer insulating film 616 is

formed with a PCVD apparatus with a power of 35 W (RF) in a mixed atmosphere of

monosilane: nitrous oxide = 1:200. The substrate heating temperature in the film

deposition is set at 325 °C.



[0200]

Then, a resist mask is formed by a photolithography process and the silicon

oxynitride film as part of the interlayer insulating film 616 is processed by etching using

the resist mask.

5 [0201]

Next, photosensitive polyimide as part of the interlayer insulating film 616 is

deposited to have a thickness of 1500 nm.

[0202]

Next, the photosensitive polyimide as part of the interlayer insulating film 616

10 is exposed to light using a photomask which is used in the photolithography process on

the silicon oxynitride film as part of the interlayer insulating film 616, and developed,

and then subjected to heat treatment for hardening the photosensitive polyimide film.

In this manner, the interlayer insulating film 616 is formed of the silicon oxynitride film

and the photosensitive polyimide film. The heat treatment is performed in a nitrogen

15 atmosphere at 300 °C.

[0203]

Next, a titanium film, an aluminum film, and a titanium film are formed in this

order to have thicknesses of 50 nm, 100 nm, and 5 nm, respectively.

[0204]

20 The two titanium films are formed with a sputtering apparatus with a power of

1000 W (DC) in an argon atmosphere.

[0205]

The aluminum film is formed with a sputtering apparatus with a power of 1000

W (DC) in an argon atmosphere.

25 [0206]

Then, a resist mask is formed by a photolithography process and the titanium

film, the aluminum film, and the titanium film are processed by etching using the resist

mask, whereby the wirings 618 are formed.

— . [0207]

30 Next, a photosensitive polyimide film as the protective film 620 is formed to

have a thickness of 1500 nm.

[0208]



Next, the photosensitive polyimide film is exposed to light with the use of a

photomask which is used in the photolithography process on the wirings 618, and

developed, so that openings at which the wirings 618 are exposed are formed in the

protective film 620.

[0209]

Next, heat treatment for hardening the photosensitive polyimide film is

performed thereon. The heat treatment is performed in a similar manner to the heat

treatment performed on the photosensitive polyimide film as the interlayer insulating

film 616.

[0210]

Through the above process, the transistors (Samples 1 and 2) having the

structure shown in FIG. 12B can be formed.

[0211]

Next, evaluation results of electrical characteristics of the transistors (Samples

1 and 2) having the structure illustrated in FIG. 12B are described. Note that Sample 1

and Sample 2 are different in whether or not the heat treatment after formation of the

In-Sn-Zn-O. film is performed (refer to the above description).

[0212]

Here, Vgs-IdS characteristics of the transistors (Samples 1 and 2) having the

structure illustrated in FIG. 12B were measured; the results of Sample 1 are shown in

FIG. 13A and the results of Sample 2 are shown in FIG 13B. Each transistor used for

the measurement has a channel length L of 3 µ , a channel width W of 10 µ , Lov of 3

µ per side (6 µ in total), and dW of 3 µ per side (6 µπ in total). Note that V
dS

is

set at 10 V.

[0213]

Comparing Samples 1 and 2, it is found that from the results of Sample 2, the

field-effect mobility of the transistor is increased by performing heat treatment after

formation of the oxide semiconductor film. The reason for this is deemed that the

impurity concentration in the oxide semiconductor film is reduced by the heat

treatment; accordingly, it is understood that the impurity concentration in the oxide

semiconductor film is reduced by heat treatment performed after the oxide



semiconductor film is formed, whereby the field-effect mobility of the transistor can be

increased.

[0214]

Next, evaluation results of the off-state current (per micrometer of a channel

width) of the transistor are described.

[0215]

The transistor used in the measurement has a channel length L of 3 µπ , a

channel width W of 10 cm, Lov of 2 µ , and dW of 0 µ ι .

[0216]

FIG. 14 shows a relation between the off-state current of the transistor and the

inverse of the substrate temperature (absolute temperature) at measurement. For

simplicity, a value (1000/T) obtained by multiplying the inverse of the substrate

temperature at measurement by 1000 is indicated by the horizontal axis.

[0217]

FIG. 14 shows that the off-state current of the transistor is 2 x 10 21 Α/µπι (2

ζΑ/µπ ) when a substrate temperature in measurement is 85 °C.

[0218]

As described above, it is found that the off-state current of the transistor whose

channel is formed in the oxide semiconductor film is extremely small.

REFERENCE NUMERALS

[0219]

1: reading portion, 2: arithmetic portion, 3: power supply control portion, 10: flip-flop,

11: memory, 12: correction portion, 51: transistor, 52: transistor, 53: capacitor, 54:

capacitor, 55: transistor, 56: capacitor, 111: transistor, 113: transistor, 115: transistor,

300: substrate, 302: insulating film, 304: semiconductor film, 304a: semiconductor film,

304b: semiconductor film, 306a: gate insulating film, 306b: gate insulating film, 308:

semiconductor film, 310: semiconductor film, 312a: gate electrode, 312b: gate electrode,

314a: impurity region, 314b: impurity region, 316a: impurity region, 316b: impurity

region, 318a: sidewall insulating film, 318b: sidewall insulating film, 318c: sidewall

insulating film, 318d: sidewall insulating film, 320a: impurity region, 320b: impurity



region, 322a: impurity region, 322b: impurity region, 324: insulating film, 342: oxide

semiconductor film, 342a: oxide semiconductor film, 344a: source or drain electrode,

344b: source or drain electrode, 346: gate insulating film, 348: gate electrode, 349a:

dopant region, 349b: dopant region, 350: insulating film, 352: insulating film, 354:

electrode, 356: wiring, 411: transistor, 412: base film, 413: oxide semiconductor film,

414a: source or drain electrode, 414b: source or drain electrode, 415: gate insulating

film, 416: gate electrode, 417: protective insulating film, 418a: dopant region, 418b:

dopant region, 419: region, 421: transistor, 422: base film, 423: oxide semiconductor

film, 424a: source or drain electrode, 424b: source or drain electrode, 425: gate

insulating film, 426: gate electrode, 427: protective insulating film, 428a:

high-concentration dopant region, 428b: high-concentration dopant region, 429a:

low-concentration dopant region, 429b: low-concentration dopant region, 430a:

sidewall, 430b: sidewall, 431: region, 441: transistor, 442: base film, 443: oxide

semiconductor film, 444a: source or drain electrode, 444b: source or drain electrode,

445: gate insulating film, 446: gate electrode, 447: protective insulating film, 448a:

high-concentration dopant region, 448b: high-concentration dopant region, 449a:

low-concentration dopant region, 449b: low-concentration dopant region, 450a:

sidewall, 450b: sidewall, 451: region, 600: substrate, 602: base insulating film, 606:

oxide semiconductor film, 608: gate insulating film, 610: gate electrode, 614: electrode,

616: interlayer insulating film, 618: wiring, and 620: protective film.

This application is based on Japanese Patent Application serial no.

2011-113275 filed with Japan Patent Office on May 20, 2011, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A semiconductor device comprising:

a first portion configured to read an instruction; and

a second portion configured to perform an operation in accordance with the

instruction,

wherein the first portion comprises:

a flip-flop configured to read and hold the instruction; and

a memory configured to receive the instruction from the flip-flop, and

transmit the instruction to the flip-flop, and

wherein reception and transmission of the instruction between the flip-flop and

the memory are controlled with a signal output by the second portion.

2. The semiconductor device according to claim 1,

wherein the memory comprises:

a transistor in which a channel is formed in an oxide semiconductor;

and

a capacitor,

wherein one of a source and a drain of the transistor is electrically connected to

the flip-flop,

wherein the other of the source and the drain of the transistor is electrically

connected to one of electrodes of the capacitor, and

wherein a gate of the transistor is electrically connected to the second portion.

3. A method for driving the semiconductor device according to claim 1,

comprising:

reading a first instruction by the first portion;

transmitting the first instruction from the flip-flop to the memory;

reading a second instruction by the first portion;

operating by the second portion in accordance with the second instruction;

transmitting back the first instruction from the memory to the flip-flop; and

operating by the second portion in accordance with the first instruction.



4. A semiconductor device comprising:

a first portion configured to read an instruction; and

a second portion configured to perform an operation in accordance with the

instruction,

wherein the first portion comprises:

a flip-flop configured to read and hold the instruction;

a memory configured to receive the instruction from the flip-flop, and

transmit the instruction to the flip-flop; and

a third portion configured to correct the instruction held in the memory

or the instruction transmitted from the memory to the flip-flop in accordance with the

operation performed by the second portion while the instruction is held in the memory,

and

wherein reception and transmission of the instruction between the flip-flop and

the memory are controlled with a signal output by the second portion.

5. The semiconductor device according to claim 4,

wherein the memory comprises:

a transistor in which a channel is formed in an oxide semiconductor;

and

a capacitor,

wherein one of a source and a drain of the transistor is electrically connected to

the flip-flop,

wherein the other of the source and the drain of the transistor is electrically

connected to one of electrodes of the capacitor, and

wherein a gate of the transistor is electrically connected to the second portion.

6. A method for driving the semiconductor device according to claim 4,

comprising:

reading a first instruction by the first portion;

transmitting the first instruction from the flip-flop to the memory;

reading a second instruction by the first portion;



operating by the second portion in accordance with the second instruction;

transmitting back the first instruction from the memory to the flip-flop; and

operating by the second portion in accordance with the first instruction.

7. A semiconductor device comprising:

a first portion configured to read an instruction; and

a second portion configured to perform an operation in accordance with the

instruction,

wherein the first portion comprises:

a flip-flop configured to read and hold the instruction; and

a memory configured to receive the instruction from the flip-flop, and

transmit the instruction to the flip-flop,

wherein reception and transmission of the instruction between the flip-flop and

the memory are controlled with a signal output by the second portion,

wherein the memory comprises:

a first transistor in which a channel is formed in an oxide

semiconductor;

a first capacitor;

a second transistor; and

a second capacitor,

wherein one of a source and a drain of the first transistor is electrically

connected to the flip-flop,

wherein the other of the source and the drain of the first transistor is electrically

connected to one of electrodes of the first capacitor,

wherein a gate of the first transistor is electrically connected to the second

portion,

wherein one of a source and a drain of the second transistor is electrically

connected to the flip-flop,

wherein the other of the source and the drain of the second transistor is

electrically connected to one of electrodes of the second capacitor, and

wherein a gate of the second transistor is electrically connected to a power

supply.



8. The semiconductor device according to claim 7,

wherein a capacitance value of the second capacitor is larger than a capacitance

value of the first capacitor.

9. A method for driving the semiconductor device according to claim 7,

comprising:

reading a first instruction by the first portion;

transmitting the first instruction from the flip-flop to the memory;

reading a second instruction by the first portion;

operating by the second portion in accordance with the second instruction;

transmitting back the first instruction from the memory to the flip-flop; and

operating by the second portion in accordance with the first instruction.
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