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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 [0001] 

The present invention relates to an object, a method, or a manufacturing 

method. The present invention also relates to a process, a machine, a manufacture, or 

a composition of matter. In particular, one embodiment of the present invention relates 

to a semiconductor device, a driving method thereof, or a manufacturing method 

10 thereof. 

[0002] 

In this specification and the like, a semiconductor device generally means a 

device that can function by utilizing semiconductor characteristics. A transistor, a 

semiconductor circuit, an arithmetic device, a memory device, an imaging device, an 

15 electro-optical device, a display device, a light-emitting device, an electric storage 

device, and a power generation device (including a thin film solar cell, an organic thin 

film solar cell, and the like) each may include a semiconductor device. 

2. Description of the Related Art 

20 [0003] 

A technique in which a transistor is formed using a semiconductor material has 

attracted attention. The transistor is applied to a wide range of electronic devices such 

as an integrated circuit (IC) or an image display device. As semiconductor materials 

applicable to the transistor, silicon-based semiconductor materials have been widely 

25 used, but oxide semiconductors have been attracting attention as alternative materials. 

[0004] 

For example, a technique for forming a transistor using zinc oxide or an 

In-Ga-Zn-based oxide semiconductor as an oxide semiconductor is disclosed (see Patent 

Documents 1 and 2). 

30 [0005] 

In recent years, demand for integrated circuits in which semiconductor 

elements such as miniaturized transistors are integrated with high density has risen with 
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increased performance and reductions in the size and weight of electronic devices. 

[Reference] 

[Patent Document] 

[0006] 

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

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

SUMMARY OF THE INVENTION 

[0007] 

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

semiconductor device that is suitable for high integration. 

[0008] 

Another object of one embodiment of the present invention is to provide a 

semiconductor device with favorable electrical characteristics. Another object is to 

15 provide a highly reliable semiconductor device. Another object of one embodiment of 

the present invention is to provide a semiconductor device with a novel structure. 

[0009] 

Note that the descriptions of these objects do not disturb the existence of other 

objects. In one embodiment of the present invention, there is no need to achieve all 

20 the objects. Other objects will be apparent from and can be derived from the 

description of the specification, the drawings, the claims, and the like. 

[0010] 

One embodiment of the present invention is a semiconductor device including 

an island-shaped semiconductor, a first electrode, a second electrode, a first insulator, a 

25 second insulator, and a third electrode. The first electrode and the second electrode are 

in contact with the island-shaped semiconductor. The first insulator is provided over 

the island-shaped semiconductor, the first electrode, and the second electrode. The 

first insulator has an opening or a groove. The second insulator is formed over the first 

insulator, an inner wall of the opening or the groove, and an exposed portion of the 

30 island-shaped semiconductor. The third electrode is formed in the opening or the 

groove. 

[0011] 
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One embodiment of the present invention is a method for manufacturing a 

semiconductor device, including a first step of forming a semiconductor, a second step 

of performing a first process on the semiconductor so as to form an island-shaped 

semiconductor, a third step of forming a first conductor over the island-shaped 

5 semiconductor, a fourth step of performing a second process on the first conductor so as 

to form a conductor according to a first pattern, a fifth step of forming a first insulator 

over the conductor having the first pattern, a sixth step of forming an opening or a 

groove in the first insulator, a seventh step of performing a third process on the 

conductor having the first pattern in the opening or the groove so as to form a first 

10 electrode and a second electrode and to expose the island-shaped semiconductor, an 

eighth step of forming a second insulator over the first insulator, an inner wall of the 

opening or the groove, and an exposed portion of the island-shaped semiconductor, a 

ninth step of forming a second conductor over the second insulator, and a tenth step of 

performing a fourth process on the second conductor so as to form a third electrode. 

15 [0012] 

One embodiment of the present invention is a method for manufacturing a 

semiconductor device, including a first step of forming a semiconductor, a second step 

of performing a first process on the semiconductor so as to form an island-shaped 

semiconductor, a third step of forming a first conductor over the island-shaped 

20 semiconductor, a fourth step of forming a first insulator over the first conductor, a fifth 

step of performing a second process on the first insulator so that the first insulator has a 

desired pattern , performing a third process on the first conductor so as to form a first 

electrode and a second electrode and to expose the island-shaped semiconductor, a sixth 

step of forming a second insulator over the first insulator, an inner wall of an opening or 

25 a groove formed by the above second and third processes, and an exposed portion of the 

island-shaped semiconductor, a seventh step of forming a second conductor over the 

second insulator, and an eighth step of performing a fourth process on the second 

conductor so as to form a third electrode. 

[0013] 

30 One embodiment of the present invention is a method for manufacturing a 

semiconductor device, including a first step of forming a semiconductor, a second step 

of forming a first conductor on and in contact with the semiconductor, a third step of 
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performing a first process on the semiconductor and the first conductor so as to form a 

semiconductor and a conductor each having a first pattern, a fourth step of forming a 

first insulator over the semiconductor and the conductor each having the first pattern, a 

fifth step of forming an opening or a groove in the first insulator, a sixth step of 

5 performing a second process on the conductor having the first pattern in the opening or 

the groove so as to form a first electrode and a second electrode and to expose the 

semiconductor having the first pattern , a seventh step of forming a second insulator 

over the first insulator, an inner wall of the opening or the groove, and an exposed 

portion of the semiconductor having the first pattern , an eighth step of forming a 

10 second conductor over the second insulator, and a ninth step of performing a third 

process on the second conductor so as to from a third electrode. 

[0014] 

One embodiment of the present invention is a method for manufacturing a 

semiconductor device, including a first step of forming a semiconductor, a second step 

15 of forming a first conductor on and in contact with the semiconductor, a third step of 

forming a first insulator over the first conductor, a fourth step of performing a first 

process on the first insulator, on the first conductor, and on the semiconductor so that 

the first insulator, the first conductor, and the semiconductor have a desired pattern, a 

fifth step of performing a second process on the first insulator and on the first conductor 

20 so as to form a first electrode and a second electrode and to expose a portion of the 

semiconductor, a sixth step of forming a second insulator over the first insulator, an 

inner wall of an opening or a groove formed by the above second process, and the 

exposed portion of the semiconductor, a seventh step of forming a second conductor 

over the second insulator, and an eighth step of performing a third process on the second 

25 conductor so as to form a third electrode. 

[0015] 

The first insulator is preferably an insulator having planarity 

[0016] 

The first insulator includes a low-dielectric constant material. 

30 [0017] 

The second conductor is preferably processed by CMP treatment. Using CMP 

treatment, the third electrode can be formed in the opening or the groove. 
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[0018] 

The second conductor is preferably processed using a dual damascene method. 

[0019] 

One embodiment of the present invention makes it possible to provide a 

5 semiconductor device that is suitable for miniaturization. 

[0020] 

A semiconductor device with favorable electrical characteristics can be 

provided. Furthermore, a highly reliable semiconductor device can be provided. 

[0021] 

10 A semiconductor device or the like with a novel structure can be provided. 

Moreover, the number of steps for forming a semiconductor device can be reduced. 

[0022] 

Parasitic capacitance between the first electrode and the third electrode can be 

reduced due to the existence of the first insulator. 

15 [0023] 

Parasitic capacitance between the second electrode and the third electrode can 

be reduced due to the existence of the first insulator. 

[0024] 

Operation speed of the semiconductor device can be improved by the reduction 

20 in parasitic capacitance. In particular, operation speed at the time when the 

semiconductor device is changed from a first conducting state to a second conducting 

state can be improved. 

[0025] 

The island-shaped semiconductor is made in contact with the first electrode or 

25 the second electrode, whereby parasitic resistance can be reduced. Further, on-state 

current can be increased by the reduction in parasitic resistance. 

[0026] 

An offset region can be formed between a channel region and a source region 

or a drain region due to the existence of the second insulator. Fine processing 

30 achieving a size smaller than the minimum feature size of a photolithography process 

can be performed; thus, a semiconductor device with a gate electrode having a finer gate 

length can be obtained. 
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[0027] 

The channel length of a transistor can be controlled with a thickness of the 

second insulator. The length of the offset region can be controlled between the 

channel region and the source region or the drain region. 

5 [0028] 

In the formation of the second conductor, use of CMP treatment enables fine 

processing of a conductor that is difficult to process by etching. In addition fine 

processing achieving a size smaller than the minimum feature size of a 

photolithography process can be performed. 

10 [0029] 

Note that the description of these effects does not disturb the existence of other 

effects. Other effects will be apparent from and can be derived from the description of 

the specification, the drawings, the claims, and the like. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 

FIGS. 1A to 1C illustrate an example of a method for manufacturing a 

semiconductor device of a first embodiment. 

FIGS. 2A and 2B illustrate an example of the method for manufacturing a 

20 semiconductor device of the first embodiment. 

FIGS. 3A and 3B illustrate an example of the method for manufacturing a 

semiconductor device of the first embodiment. 

FIGS. 4A and 4B illustrate an example of the method for manufacturing a 

semiconductor device of the first embodiment. 

25 FIG. 5 illustrates an example of the method for manufacturing a semiconductor 

device of the first embodiment. 

FIGS. 6A and 6B illustrate an example of a method for manufacturing a 

semiconductor device of a second embodiment. 

FIGS. 7A and 7B illustrate an example of the method for manufacturing a 

30 semiconductor device of the second embodiment. 

FIGS. 8A and 8B illustrate an example of the method for manufacturing a 

semiconductor device of the second embodiment. 
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FIG. 9 illustrates an example of the method for manufacturing a semiconductor 

device of the second embodiment. 

FIGS. 10A to 10C illustrate an example of a method for manufacturing a 

semiconductor device of a third embodiment. 

5 FIGS. 11A and 11B illustrate an example of the method for manufacturing a 

semiconductor device of the third embodiment. 

FIGS. 12A and 12B illustrate an example of the method for manufacturing a 

semiconductor device of the third embodiment. 

FIGS. 13A and 13B illustrate an example of the method for manufacturing a 

10 semiconductor device of the third embodiment. 

FIGS. 14A and 14B illustrate an example of a method for manufacturing a 

semiconductor device of a fourth embodiment. 

FIGS. 15A and 15B illustrate an example of the method for manufacturing a 

semiconductor device of the fourth embodiment. 

15 FIGS. 16A and 16B illustrate an example of the method for manufacturing a 

semiconductor device of the fourth embodiment. 

FIGS. 17A and 17B illustrate an example of the method for manufacturing a 

semiconductor device of the fourth embodiment. 

FIGS. 18A and 18B illustrate an example of a method for manufacturing a 

20 semiconductor device of a fifth embodiment. 

FIGS. 19A and 19B illustrate an example of the method for manufacturing a 

semiconductor device of the fifth embodiment. 

FIGS. 20A and 20B illustrate an example of the method for manufacturing a 

semiconductor device of the fifth embodiment. 

25 FIG. 21 illustrates an example of the method for manufacturing a 

semiconductor device of the fifth embodiment. 

FIGS. 22A and 22B illustrate an example of a method for manufacturing a 

semiconductor device of a sixth embodiment. 

FIGS. 23 A and 23B illustrate an example of the method for manufacturing a 

30 semiconductor device of the sixth embodiment. 

FIGS. 24A and 24B illustrate an example of the method for manufacturing a 

semiconductor device of the sixth embodiment. 
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FIG. 25 illustrates an example of the method for manufacturing a 

semiconductor device of the sixth embodiment. 

FIGS. 26A to 26C are cross-sectional TEM images and a local Fourier 

transform image of an oxide semiconductor. 

5 FIGS. 27A and 27B show nanobeam electron diffraction patterns of oxide 

semiconductor films, and FIGS. 27C and 27D illustrate an example of a transmission 

electron diffraction measurement apparatus. 

FIG. 28A shows an example of structural analysis by transmission electron 

diffraction measurement, and FIGS. 28B and 28C show plan-view TEM images. 

10 FIGS. 29A to 29C each illustrate a band structure of an embodiment. 

FIGS. 30A and 3OB illustrate a structural example of a semiconductor device of 

an embodiment. 

FIG. 31 illustrates a structure example of a CPU of an embodiment. 

FIG. 32 is a circuit diagram of a memory element of an embodiment. 

15 FIGS. 33 A to 33C are a top view and circuit diagrams of a display device of an 

embodiment. 

FIGS. 34Ato 34F each illustrate an electronic device of an embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

20 [0031] 

Embodiments will be described in detail with reference to drawings. Note 

that the present invention is not limited to the description below, and it is easily 

understood by those skilled in the art that various changes and modifications can be 

made without departing from the spirit and scope of the present invention. 

25 Accordingly, the present invention should not be interpreted as being limited to the 

content of the embodiments below. 

[0032] 

Note that in the structures of the invention described below, the same portions 

or portions having similar functions are denoted by the same reference numerals in 

30 different drawings, and description of such portions is not repeated. Further, the same 

hatching pattern is applied to portions having similar functions, and the portions are not 

especially denoted by reference numerals in some cases. 
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[0033] 

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

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

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

5 [0034] 

Note that in this specification and the like, ordinal numbers such as "first", 

"second", and the like are used in order to avoid confusion among components and do 

not limit the number. 

[0035] 

10 Note that in this specification and the like, an electrode and a wiring 

electrically connected to the electrode may be a single component. In other words, 

there are cases where a portion of a wiring functions as an electrode and where a portion 

of an electrode functions as a wiring. 

[0036] 

15 A transistor is a kind of semiconductor elements and can achieve amplification 

of current or voltage, switching operation for controlling conduction or non-conduction, 

or the like. A transistor in this specification includes an insulated-gate field effect 

transistor (IGFET) and a thin film transistor (TFT). 

[0037] 

20 (Embodiment 1) 

An example of a method for manufacturing a semiconductor device of one 

embodiment of the present invention is described below with reference to FIGS. 1A to 

1C, FIGS. 2A and 2B, FIGS. 3A and 3B, FIGS. 4A and 4B, and FIG. 5. Note that 

cross sections of a FET portion, a capacitor, and a contact portion along lines al-a2, 

25 bl-b2, and cl-c2 are shown in the drawings, respectively. 

[0038] 

First, an insulator 101 is provided; then, a semiconductor 102 is provided (FIG. 

1A). 

[0039] 

30 In addition to an insulator described later, a glass substrate, a quartz substrate, a 

silicon oxide film formed by a local oxidation of silicon (LOCOS) method, or the like 

can be used as the insulator 101. In the case of using a glass substrate, a quartz 



WO 2015/140656 
10 

PCT/IB2015/051533 

substrate, or the like as the insulator 101, a silicon oxide film, a silicon nitride film, a 

silicon oxnitiride film, or a stacked film of these films is preferably provided between 

the insulator 101 and the semiconductor 102. 

[0040] 

5 Next, a resist mask is formed over the semiconductor 102 by a 

photolithography process or the like and an unnecessary portion of the semiconductor 

102 is removed, whereby an island-shaped semiconductor 103 is formed. Then, the 

resist mask is removed (FIG. IB). Also, as shown in Fig. IB, when the unnecessary 

portion of the semiconductor 102 is removed, a portion of the insulator 101 is removed. 

10 [0041] 

Next, a conductor 104 is provided (FIG. 1C). 

[0042] 

Next, a resist mask is formed over the conductor 104 by a photolithography 

process or the like and an unnecessary portion of the conductor 104 is removed. Then, 

15 the resist mask is removed. Thus, conductive patterns 201, 202, and 203 are formed 

(FIG. 2A). 

[0043] 

Next, an insulator 204 is provided over the conductive patterns 201, 202, and 

203 (FIG. 2B). 

20 [0044] 

An insulator described later can be used as the insulator 204. In particular, a 

film having planarity is appropriate. 

[0045] 

The insulator 204 is preferably formed using a low-dielectric constant material 

25 (also referred to as a low-k material) because the insulator 204 also functions as an 

interlayer insulating film. 

[0046] 

Next, a resist mask is formed over the insulator 204 by a photolithography 

process or the like and an unnecessary portion of the insulator 204 is removed. Then, 

30 unnecessary portions of the conductive patterns 201 and 202 are removed, so that 

electrodes 301 and 302 which function as a source electrode and a drain electrode, an 

electrode 303 of the capacitor, and openings or grooves 310 and 311 are formed. At 
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this time, unnecessary portions of the conductive patterns 201 and 202 may be removed 

before the resist mask is removed or after the resist mask is removed (FIG. 3 A). 

[0047] 

Next, an insulator 304 is provided (FIG. 3B). 

5 [0048] 

An insulator described later can be used as the insulator 304; however, a film 

formed by an atomic layer deposition (ALD) method is preferably used. Using an 

ALD method, a thin insulator can be formed with a uniform thickness. Thus, the 

insulator with a uniform thickness can be formed over the insulator 204, an inner wall 

10 of the opening or the groove 310, and an exposed portion of the island-shaped 

semiconductor 103. 

[0049] 

Furthermore, part of the insulator 304 is preferably formed using a 

high-dielectric constant material (also referred to as a high-k material) because the 

15 insulator 304 also functions as a gate insulating film. 

[0050] 

Next, a resist mask is formed over the insulator 304 by a photolithography 

process or the like and unnecessary portions of the insulator 304 and the insulator 204 

are removed. Accordingly, an opening or a groove 410 is formed. After that, the 

20 resist mask is removed (FIG. 4A). 

[0051] 

Next, a conductor 401 is provided (FIG. 4B). 

[0052] 

A conductor described later can be used for the conductor 401; however, a 

25 conductor formed by a metal organic CVD (MOCVD) method is preferably used. By 

using an MOCVD method to form a conductor on a surface, it is possible to fill with the 

conductor a depressed portion having a high aspect ratio. 

[0053] 

Next, a resist mask is formed over the conductor 401 by a photolithography 

30 process or the like and an unnecessary portion of the conductor 401 is removed. 

Accordingly, conductive patterns 501, 502, and 503 are formed. After that, the resist 

mask is removed. Note that the conductive pattern 501 functions as a gate electrode. 
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The conductive pattern 502 can form a capacitor in a portion facing the electrode 303 

with the insulator 304 provided therebetween (FIG. 5). 

[0054] 

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

5 FET portion, the capacitor, and the contact portion can be formed at the same time as 

shown in FIGS. 1A to 1C, FIGS. 2A and 2B, FIGS. 3A and 3B, FIGS. 4A and 4B, and 

FIG. 5. 

[0055] 

In the FET portion, parasitic capacitance between the electrode 301 and the 

10 conductive pattern 501, and between the electrode 302 and the conductive pattern 501 

can be reduced due to the existence of the insulator 204. Further, the operation speed 

of the semiconductor device can be improved by the reduction in parasitic capacitance. 

In particular, the operation speed at the time when the semiconductor device is changed 

from a first conducting state to a second conducting state can be improved. A large 

15 part of a source region or a drain region of the island-shaped semiconductor 103 is made 

in contact with the electrode 301 or the electrode 302, whereby parasitic resistance can 

be reduced. Further, on-state current can be increased by the reduction in parasitic 

resistance. An offset region can be formed between a channel region and the source 

region or the drain region due to the existence of the insulator 304, and the electrode 

20 301 or the electrode 302 can be arranged in the vicinity of the channel region. Fine 

processing achieving a size smaller than the minimum feature size of a 

photolithography process can be performed; thus, a semiconductor device with a gate 

electrode having a finer gate length can be obtained. The channel length of the 

transistor can be controlled with the thickness of the insulator 304. Further, the length 

25 of the offset region can be controlled between the channel region and the source region 

or the drain region. 

[0056] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

30 [0057] 

(Embodiment 2) 

An example of a method for manufacturing a semiconductor device of one 
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embodiment of the present invention is described below with reference to FIGS. 6A and 

6B, FIGS. 7A and 7B, FIGS. 8A and 8B, and FIG. 9. Note that cross sections of a FET 

portion, a capacitor, and a contact portion along lines al-a2, bl-b2, and cl-c2 are shown 

in the drawings, respectively. 

5 [0058] 

In Embodiment 2, a method for manufacturing a semiconductor device, which 

is a partial modification of the method for manufacturing a semiconductor device 

described in Embodiment 1, will be described. 

[0059] 

10 First, the structure shown in FIG. 6A is obtained by a method similar to the 

method described in Embodiment 1 with reference to FIGS. lAto 1C and FIG. 2A. 

[0060] 

Next, over conductive patterns 601, 602, and 603, an insulator 604 is formed 

using an insulator having planarity (FIG. 6B). 

15 [0061] 

The insulator 604 is preferably formed using a low-dielectric constant material 

(also referred to as a low-k material) because the insulator 604 also functions as an 

interlayer insulating film. 

[0062] 

20 Next, a resist mask is formed over the insulator 604 by a photolithography 

process or the like and an unnecessary portion of the insulator 604 is removed. By the 

removal of unnecessary portions of the conductive patterns 601 and 602, electrodes 701 

and 702 that function as a source electrode and a drain electrode, an electrode 703 of the 

capacitor, openings or grooves 710 and 711 are formed. At that time, unnecessary 

25 portions of the conductive patterns 601 and 602 may be removed before the resist mask 

is removed or after the resist mask is removed (FIG. 7A). 

[0063] 

Next, an insulator 704 is provided (FIG. 7B). 

[0064] 

30 An insulator described later can be used as the insulator 704; however, a film 

formed by an atomic layer deposition (ALD) method is preferably used. Using an 

ALD method, a thin insulator can be formed with a uniform thickness. Thus, the 
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insulator with a uniform thickness can be formed over the insulator 604, an inner wall 

of the opening or the groove 710, and an exposed portion of an island-shaped 

semiconductor. 

[0065] 

5 Furthermore, part of the insulator 704 is preferably formed using a 

high-dielectric constant material (also referred to as a high-k material) because the 

insulator 704 also functions as a gate insulating film. 

[0066] 

Next, a resist mask is formed over the insulator 704 by a photolithography 

10 process or the like and unnecessary portions of the insulator 704 and the insulator 604 

are removed. Accordingly, an opening or a groove 810 is formed. After that, the 

resist mask is removed (FIG. 8A). 

[0067] 

Next, a conductor 801 is provided (FIG. 8B). 

15 [0068] 

A conductor described later can be used for the conductor 801; however, a 

conductor formed by a metal organic CVD (MOCVD) method is preferably used. By 

using an MOCVD method to form a conductor on a surface, it is possible to fill with the 

conductor a depressed portion having a high aspect ratio. 

20 [0069] 

The conductor 801 is processed using a chemical mechanical polishing (CMP) 

method, whereby conductive patterns 901, 902, and 903 can be formed. Note that the 

conductive pattern 901 has a function as a gate electrode. The conductive pattern 902 

can form a capacitor in a portion facing the electrode 703 with the insulator 704 

25 provided therebetween. A dual damascene method or the like may be used for forming 

the conductive patterns 901, 902, and 903, or the like (FIG. 9). 

[0070] 

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

FET portion, the capacitor, and the contact portion can be formed at the same time as 

30 shown in FIGS. 6A and 6B, FIGS. 7A and 7B, FIGS. 8A and 8B, and FIG. 9. 

[0071] 

In the FET portion, parasitic capacitance between the electrode 701 and the 
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conductive pattern 901, and between the electrode 702 and the conductive pattern 901 

can be reduced due to the existence of the insulator 604. Further, the operation speed 

of the semiconductor device can be improved by the reduction in parasitic capacitance. 

In particular, the operation speed at the time when the semiconductor device is changed 

5 from a first conducting state to a second conducting state can be improved. A large 

part of a source region or a drain region of the island-shaped semiconductor is made in 

contact with the electrode 701 or the electrode 702, whereby parasitic resistance can be 

reduced. Further, on-state current can be increased by the reduction in parasitic 

resistance. An offset region can be formed between a channel region and the source 

10 region or the drain region due to the existence of the insulator 704. Fine processing 

achieving a size smaller than the minimum feature size of a photolithography process 

can be performed; thus, a semiconductor device with a gate electrode having a finer gate 

length can be obtained. The channel length of the transistor can be controlled with the 

thickness of the insulator 704. Further, the length of the offset region can be controlled 

15 between the channel region and the source region or the drain region. 

[0072] 

The conductor 801 is processed using a CMP method, whereby the conductive 

patterns 901, 902, and 903 can be formed without using a photolithography process. 

Thus, simplification of manufacturing process of the semiconductor device, such as 

20 reducing the number of photomasks, can be achieved. 

[0073] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0074] 

25 (Embodiment 3) 

An example of a method for manufacturing a semiconductor device of one 

embodiment of the present invention is described below with reference to FIGS. lOAto 

10C, FIGS. 11A and 11B, FIGS. 12A and 12B, and FIGS. 13A and 13B. Note that 

cross sections of a FET portion, a capacitor, and a contact portion along lines al-a2, 

30 bl-b2, and cl-c2 are shown in the drawings, respectively. 

[0075] 

First, an insulator 1001 is provided. Then, a semiconductor 1002 is provided 
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(FIG. 10A). 

[0076] 

In addition to an insulator described later, a glass substrate, a quartz substrate, a 

silicon oxide film formed by a local oxidation of silicon (LOCOS) method, or the like 

5 can be used as the insulator 1001. In the case of using a glass substrate, a quartz 

substrate, or the like as the insulator 1001, a silicon oxide film, a silicon nitride film, a 

silicon oxynitiride film, or a stacked film of these films is preferably provided between 

the insulator 1001 and the semiconductor 1002. 

[0077] 

10 Next, a resist mask is formed over the semiconductor 1002 by a 

photolithography process or the like and an unnecessary portion of the semiconductor 

layer 1002 is removed, whereby an island-shaped semiconductor 1003 is formed. 

After that, the resist mask is removed (FIG. 10B). Also, as shown in Fig. 10B, when the 

unnecessary portion of the semiconductor layer 1002 is removed, a portion of the 

15 insulator 1001 is removed. 

[0078] 

Next, a conductor 1004 is provided (FIG. 10C). 

[0079] 

An insulator 1101 is provided over the conductor 1004 (FIG. 11 A). 

20 [0080] 

An insulator described later can be used as the insulator 1101. In particular, a 

film having planarity is appropriate. 

[0081] 

The insulator 1101 is preferably formed using a low-dielectric constant 

25 material (also referred to as a low-k material) because the insulator 1101 also functions 

as an interlayer insulating film. 

[0082] 

Next, a resist mask is formed over the insulator 1101 by a photolithography 

process or the like and unnecessary portions of the insulator 1101 and the conductor 

30 1004 are removed. By the removal of the unnecessary portions of the conductor 1004, 

electrodes 1102 and 1103 that function as a source electrode and a drain electrode, an 

electrode 1104 of the capacitor, and a conductive pattern 1105 are formed. At that 
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time, after the removal of the unnecessary portions of the insulator 1101, the 

unnecessary portions of the conductor 1004 may be removed before the resist mask is 

removed or after the resist mask is removed (FIG. 1 IB). 

[0083] 

5 Next, an insulator 1201 is provided (FIG. 12A). 

[0084] 

An insulator described later can be used as the insulator 1201; however, a film 

formed by an atomic layer deposition (ALD) method is preferably used. Using an 

ALD method, a thin insulator can be formed with a uniform thickness. Thus, the 

10 insulator with a uniform thickness can be formed over a top surface and side surfaces of 

the insulator 1101, side surfaces of the electrodes 1102 and 1103 which function as a 

source electrode and a drain electrode, side surfaces of the electrode 1104 of the 

capacitor and the conductive pattern 1105, and an exposed portion of the island-shaped 

semiconductor 1003. 

15 [0085] 

Furthermore, part of the insulator 1201 is preferably formed using a 

high-dielectric constant material (also referred to as a high-k material) because the 

insulator 1201 also functions as a gate insulating film. 

[0086] 

20 Next, a resist mask is formed over the insulator 1201 by a photolithography 

process or the like and unnecessary portions of the insulator 1101 and the insulator 1201 

are removed. Accordingly, an opening or a groove 1202 is formed. After that, the 

resist mask is removed (FIG. 12B). 

[0087] 

25 Then, a conductor 1301 is provided (FIG. 13A). 

[0088] 

A conductor described later can be used for the conductor 1301; however, a 

conductor formed by a metal organic CVD (MOCVD) method is preferably used. 

Using a conductor formed by a MOCVD method, a depressed portion of a surface over 

30 which a film is formed with a high aspect ratio can also be filled with the conductor. 

[0089] 

Next, a resist mask is formed over the conductor 1301 by a photolithography 
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process or the like and an unnecessary portion of the conductor 1301 is removed. 

Accordingly, conductive patterns 1302, 1303, and 1304 are formed. After that, the 

resist mask is removed. Note that the conductive pattern 1302 functions as a gate 

electrode. The conductive pattern 1303 can form a capacitor in a portion facing the 

5 electrode 1104 with the insulator 1201 provided therebetween (FIG. 13B). 

[0090] 

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

FET portion, the capacitor, and the contact portion can be formed at the same time as 

shown in FIGS. lOAto 10C, FIG. 11A and 11B, FIGS. 12A and 12B, and FIGS. 13A 

10 and 13B. 

[0091] 

In the FET portion, parasitic capacitance between the electrode 1102 and the 

conductive pattern 1302, and between the electrode 1103 and the conductive pattern 

1302 can be reduced due to the existence of the insulator 1101. Further, the operation 

15 speed of the semiconductor device can be improved by the reduction in parasitic 

capacitance. In particular, the operation speed at the time when the semiconductor 

device is changed from a first conducting state to a second conducting state can be 

improved. A large part of a source region or a drain region of the island-shaped 

semiconductor 1003 is made in contact with the electrode 1102 or the electrode 1103, 

20 whereby parasitic resistance can be reduced. Further, on-state current can be increased 

by the reduction in parasitic resistance. An offset region can be formed between a 

channel region and the source region or the drain region due to the existence of the 

insulator 1201. Fine processing achieving a size smaller than the minimum feature 

size of a photolithography process can be performed; thus, a semiconductor device with 

25 a gate electrode having a finer gate length can be obtained. The channel length of the 

transistor can be controlled with the thickness of the insulator 1201. Further, the 

length of the offset region can be controlled between the channel region and the source 

region or the drain region. 

[0092] 

30 The conductor 1004 and the insulator 1101 are processed using the same mask, 

whereby simplification of manufacturing process of the semiconductor device, such as 

reducing the number of photomasks, can be achieved. 
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[0093] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0094] 

5 (Embodiment 4) 

An example of a method for manufacturing a semiconductor device of one 

embodiment of the present invention is described below with reference to FIGS. 14A 

and 14B, FIGS. 15A and 15B, FIGS. 16A and 16B, and FIGS. 17A and 17B. Note that 

cross sections of a FET portion, a capacitor, and a contact portion along lines al-a2, 

10 bl-b2, and cl-c2 are shown in the drawings, respectively. 

[0095] 

First, an insulator 1401 is provided. Then, a semiconductor 1402 and a 

conductor 1403 are provided (FIG. 14A). 

[0096] 

15 In addition to an insulator described later, a glass substrate, a quartz substrate, a 

silicon oxide film formed by a local oxidation of silicon (LOCOS) method, or the like 

can be used as the insulator 1401. In the case of using a glass substrate, a quartz 

substrate, or the like as the insulator 1401, a silicon oxide film, a silicon nitride film, a 

silicon oxnitiride film, or a stacked film of these films is preferably provided between 

20 the insulator 1401 and the semiconductor 1402. 

[0097] 

Next, a resist mask is formed over the conductor 1403 by a photolithography 

process or the like and unnecessary portions of the conductor 1403 and the 

semiconductor 1402 are removed, whereby a semiconductor 1404 and conductive 

25 patterns 1405, 1406, and 1407 are formed. After that, the resist mask is removed (FIG. 

14B). Also, as shown in Fig. 14B, when the unnecessary portions of the conductor 1403 

and the semiconductor 1402 are removed, a portion of the insulator 1401 is removed. 

[0098] 

Next, an insulator 1501 is formed over the conductive patterns 1405, 1406, and 

30 1407 (FIG. 15A). 

[0099] 

For the insulator 1501, an insulator described later can be used. In particular, 
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a film having planarity is appropriate. 

[0100] 

The insulator 1501 is preferably formed using a low-dielectric constant 

material (also referred to as a low-k material) because the insulator 1501 also functions 

5 as an interlayer insulating film. 

[0101] 

Next, a resist mask is formed over the insulator 1501 by a photolithography 

process or the like and an unnecessary portion of the insulator 1501 is removed. Then, 

by the removal of unnecessary portions of the conductive patterns 1405 and 1406, 

10 electrodes 1502 and 1503 that function as a source electrode and a drain electrode, an 

electrode 1504 of the capacitor, and openings or grooves 1510 and 1511 are formed. 

At that time, the unnecessary portions of the conductive patterns 1405 and 1406 may be 

removed before the resist mask is removed or after the resist mask is removed (FIG. 

15B). 

15 [0102] 

Next, an insulator 1601 is provided (FIG. 16A). 

[0103] 

An insulator described later can be used as the insulator 1601; however, a film 

formed by an atomic layer deposition (ALD) method is preferably used. Using an 

20 ALD method, a thin insulator can be formed with a uniform thickness. Thus, the 

insulator with a uniform thickness can be formed over the insulator 1501, inner walls of 

the openings or the grooves 1510 and 1511, and an exposed portion of the 

semiconductor 1404. 

[0104] 

25 Furthermore, part of the insulator 1601 is preferably formed using a 

high-dielectric constant material (also referred to as a high-k material) because the 

insulator 1601 also functions as a gate insulating film. 

[0105] 

Next, a resist mask is formed over the insulator 1601 by a photolithography 

30 process or the like and unnecessary portions of the insulator 1601 and the insulator 1501 

are removed. Accordingly, an opening or a groove 1610 is formed. After that, the 

resist mask is removed (FIG. 16B). 
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[0106] 

Next, a conductor 1701 is provided (FIG. 17A). 

[0107] 

A conductor described later can be used for the conductor 1701; however, a 

5 conductor formed by a metal organic CVD (MOCVD) method is preferably used. 

Using a conductor formed by a MOCVD method, a depressed portion of a surface over 

which a film is formed with a high aspect ratio can also be filled with the conductor. 

[0108] 

Next, a resist mask is formed over the conductor 1701 by a photolithography 

10 process or the like and an unnecessary portion of the conductor 1701 is removed. 

Accordingly, conductive patterns 1702, 1703, and 1704 are formed. After that, the 

resist mask is removed. Note that the conductive pattern 1702 functions as a gate 

electrode. The conductive pattern 1703 can form a capacitor in a portion facing the 

electrode 1504 with the insulator 1601 provided therebetween (FIG. 17B). 

15 [0109] 

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

FET portion, the capacitor, and the contact portion can be formed at the same time as 

shown in FIGS. 14Aand 14B, FIGS. 15Aand 15B, FIGS. 16Aand 16B, and FIGS. 17A 

[0110] 

20 In the FET portion, parasitic capacitance between the electrode 1502 and the 

conductive pattern 1702, and between the electrode 1503 and the conductive pattern 

1702 can be reduced due to the existence of the insulator 1501. Further, the operation 

speed of the semiconductor device can be improved by the reduction in parasitic 

capacitance. In particular, the operation speed at the time when the semiconductor 

25 device is changed from a first conducting state to a second conducting state can be 

improved. A large part of a source region or a drain region of the semiconductor 1404 

is made in contact with the electrode 1502 or the electrode 1503, whereby parasitic 

resistance can be reduced. Further, on-state current can be increased by the reduction 

in parasitic resistance. An offset region can be formed between a channel region and 

30 the source region or the drain region due to the existence of the insulator 1601. Fine 

processing achieving a size smaller than the minimum feature size of a 

photolithography process can be performed; thus, a semiconductor device with a gate 
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electrode having a finer gate length can be obtained. The channel length of the 

transistor can be controlled with the thickness of the insulator 1601. Further, the 

length of the offset region can be controlled between the channel region and the source 

region or the drain region. 

5 [0111] 

The semiconductor 1402 and the conductor 1403 are processed using the same 

mask, whereby simplification of manufacturing process of the semiconductor device, 

such as reducing the number of photomasks, can be achieved. 

[0112] 

10 At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0113] 

(Embodiment 5) 

An example of a method for manufacturing a semiconductor device of one 

15 embodiment of the present invention is described below with reference to FIGS. 18A 

and 18B, FIGS. 19A and 19B, FIGS. 20A and 20B, and FIG. 21. Note that cross 

sections of a FET portion, a capacitor, and a contact portion along lines al-a2, bl-b2, 

and cl-c2 are shown in the drawings, respectively. 

[0114] 

20 In Embodiment 5, a method for manufacturing a semiconductor device, which 

is a partial modification of the method for manufacturing a semiconductor device 

described in Embodiment 4, will be described. 

[0115] 

First, the structure shown in FIG. 18A is obtained by a method similar to that 

25 described in Embodiment 4 with reference to FIGS. 14A and 14B. 

[0116] 

Next, an insulator 1805 is provided using an insulator having planarity over 

conductive patterns 1801, 1802, and 1803, and a semiconductor 1804 (FIG. 18B). 

[0117] 

30 The insulator 1805 is preferably formed using a low-dielectric constant 

material (also referred to as a low-k material) because the insulator 1805 also functions 

as an interlayer insulating film. 
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[0118] 

Next, a resist mask is formed over the insulator 1805 by a photolithography 

process or the like and an unnecessary portion of the insulator 1805 is removed. Then, 

by the removal of unnecessary portions of the conductive patterns 1801 and 1802, 

5 electrodes 1901 and 1902 that function as a source electrode and a drain electrode, an 

electrode 1903 of the capacitor, and openings or grooves 1910 and 1911 are formed. 

At that time, the unnecessary portions of the conductive patterns 1801 and 1802 may be 

removed before the resist mask is removed or after the resist mask is removed (FIG. 

19A). 

10 [0119] 

Next, an insulator 1904 is provided (FIG. 19B). 

[0120] 

An insulator described later can be used as the insulator 1904; however, a film 

formed by an atomic layer deposition (ALD) method is preferably used. Using an 

15 ALD method, a thin insulator can be formed with a uniform thickness. Thus, the 

insulator with a uniform thickness can be formed over the insulator 1805, inner walls of 

the openings or the grooves 1910 and 1911, and an exposed portion of the 

semiconductor 1804. 

[0121] 

20 Furthermore, part of the insulator 1904 is preferably formed using a 

high-dielectric constant material (also referred to as a high-k material) because the 

insulator 1904 also functions as a gate insulating film. 

[0122] 

Next, a resist mask is formed over the insulator 1904 by a photolithography 

25 process or the like and unnecessary portions of the insulator 1904 and the insulator 1805 

are removed. Accordingly, an opening or a groove 2010 is formed. After that, the 

resist mask is removed (FIG. 20A). 

[0123] 

Then, a conductor 2001 is provided (FIG. 20B). 

30 [0124] 

A conductor described later can be used for the conductor 2001; however, a 

conductor formed by a metal organic CVD (MOCVD) method is preferably used. By 
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using an MOCVD method, it is possible to fill with the conductor a depressed portion 

having a high aspect ratio. 

[0125] 

The conductor 2001 is processed using a chemical mechanical polishing 

5 (CMP) method, whereby conductive patterns 2101, 2102, and 2103 can be formed. 

Note that the conductive pattern 2101 has a function of a gate electrode. The 

conductive pattern 2102 can form a capacitor in a portion facing the electrode 1903 with 

the insulator 1904 provided therebetween. A dual damascene method or the like may 

be used for forming the conductive patterns 2101, 2102, and 2103, or the like (FIG. 21). 

10 [0126] 

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

FET portion, the capacitor, and the contact portion can be formed at the same time as 

shown in FIGS. 18A and 18B, FIGS. 19A and 19B, FIGS. 20A and 20B, and FIG. 21. 

[0127] 

15 In the FET portion, parasitic capacitance between the electrode 1901 and the 

conductive pattern 2101, and between the electrode 1902 and the conductive pattern 

2101 can be reduced due to the existence of the insulator 1805. Further, the operation 

speed of the semiconductor device can be improved by the reduction in parasitic 

capacitance. In particular, the operation speed at the time when the semiconductor 

20 device is changed from a first conducting state to a second conducting state can be 

improved. A large part of a source region or a drain region of the semiconductor is 

made in contact with the electrode 1901 or the electrode 1902, whereby parasitic 

resistance can be reduced. Further, on-state current can be increased by the reduction 

in parasitic resistance. An offset region can be formed between a channel region and 

25 the source region or the drain region due to the existence of the insulator 1904. Fine 

processing achieving a size smaller than the minimum feature size of a 

photolithography process can be performed; thus, a semiconductor device with a gate 

electrode having a finer gate length can be obtained. The channel length of the 

transistor can be controlled with the thickness of the insulator 1904. Further, the 

30 length of the offset region can be controlled between the channel region and the source 

region or the drain region. 

[0128] 
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The conductor 2001 is processed using a CMP method, whereby the conductive 

patterns 2101, 2102, and 2103 can be formed without using a photolithography process. 

Thus, simplification of manufacturing process of the semiconductor device, such as 

reducing the number of photomasks, can be achieved. 

5 [0129] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0130] 

(Embodiment 6) 

10 An example of a method for manufacturing a semiconductor device of one 

embodiment of the present invention is described below with reference to FIGS. 22A 

and 22B, FIGS. 23A and 23B, FIGS. 24A and 24B, and FIG. 25. Note that cross 

sections of a FET portion, a capacitor, and a contact portion along lines al-a2, bl-b2, 

and cl-c2 are shown in the drawings, respectively 

15 [0131] 

First, an insulator 2201 is provided. Then, a semiconductor 2202, a conductor 

2203, and an insulator 2204 are sequentially provided (FIG. 22A). 

[0132] 

In addition to an insulator described later, a glass substrate, a quartz substrate, a 

20 silicon oxide film formed by a local oxidation of silicon (LOCOS) method, or the like 

can be used as the insulator 2201. In the case of using a glass substrate, a quartz 

substrate, or the like as the insulator 2201, a silicon oxide film, a silicon nitride film, a 

silicon oxnitiride film, or a stacked film of these films is preferably provided between 

the insulator 2201 and the semiconductor 2202. 

25 [0133] 

For the insulator 2204, an insulator described later can be used. In particular, 

a film having planarity is appropriate. 

[0134] 

The insulator 2204 is preferably formed using a low-dielectric constant 

30 material (also referred to as a low-k material) because the insulator 2204 also functions 

as an interlayer insulating film. 

[0135] 
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Next, a resist mask is formed over the insulator 2204 by a photolithography 

process or the like and unnecessary portions of the insulator 2204, the conductor 2203, 

and the semiconductor 2202 are removed. By the removal of unnecessary portions of 

the conductor 2203, conductive patterns 2206, 2207, and 2208, and a semiconductor 

5 2205 are formed. At that time, after the removal of the unnecessary portions of the 

insulator 2204, the unnecessary portion of the conductor 2203 may be removed before 

the resist mask is removed or after the resist mask is removed. Also, when the 

unnecessary portions of the semiconductor 2202 are removed, a portion of the insulator 

2201 may be removed. The conductive pattern 2206 functions as an electrode of the 

10 capacitor (FIG. 22B). 

[0136] 

Next, a resist mask is again formed by a photolithography process or the like so 

that unnecessary portions of the insulator 2204 and the conductive pattern 2208 are 

removed, whereby electrodes 2301 and 2302 which function as a source electrode and a 

15 drain electrode are formed. At that time, unnecessary portions of the conductor 2208 

may be removed before the resist mask is removed or after the resist mask is removed 

(FIG. 23 A) 

[0137] 

Next, an insulator 2303 is provided (FIG. 23B). 

20 [0138] 

An insulator described later can be used as the insulator 2303; however, a film 

formed by an atomic layer deposition (ALD) method is preferably used. Using an 

ALD method, a thin insulator can be formed with a uniform thickness. Thus, the 

insulator with a uniform thickness can be formed over a top surface and side surfaces of 

25 the insulator 2204 in which the unnecessary portion is removed, side surfaces of the 

electrodes 2301 and 2302 which function as a source electrode and a drain electrode, 

side surfaces of the conductive patterns 2206 and 2207, and an exposed portion of the 

semiconductor 2205. 

[0139] 

30 Furthermore, part of the insulator 2303 is preferably formed using a 

high-dielectric constant material (also referred to as a high-k material) because the 

insulator 2303 also functions as a gate insulating film. 
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[0140] 

Next, a resist mask is formed over the insulator 2303 by a photolithography 

process or the like and unnecessary portions of the insulator 2303 and the insulator 2204 

are removed. Accordingly, an opening or a groove 2410 is formed. After that, the 

5 resist mask is removed (FIG. 24A). 

[0141] 

Next, a conductor 2401 is provided (FIG. 24B). 

[0142] 

A conductor described later can be used for the conductor 2401; however, a 

10 conductor formed by a metal organic CVD (MOCVD) method is preferably used. 

Using a conductor formed by a MOCVD method, a depressed portion of a surface over 

which a film is formed with a high aspect ratio can also be filled with the conductor. 

[0143] 

Next, a resist mask is formed over the conductor 2401 by a photolithography 

15 process or the like and an unnecessary portion of the conductor 2401 is removed. 

Accordingly, conductive patterns 2501, 2502, and 2503 are formed. After that, the 

resist mask is removed. Note that the conductive pattern 2501 functions as a gate 

electrode. The conductive pattern 2502 can form a capacitor in a portion facing the 

conductive pattern 2206 with the insulator 2303 provided therebetween (FIG. 25). 

20 [0144] 

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

FET portion, the capacitor, and the contact portion can be formed at the same time as 

shown in FIGS. FIGS. 22A and 22B, FIGS. 23A and 23B, FIGS. 24A and 24B, and FIG. 

25. 

25 [0145] 

In the FET portion, parasitic capacitance between the electrode 2301 and the 

conductive pattern 2501, and between the electrode 2302 and the conductive pattern 

2501 can be reduced due to the existence of the insulator 2303. Further, the operation 

speed of the semiconductor device can be improved by the reduction in parasitic 

30 capacitance. In particular, the operation speed at the time when the semiconductor 

device is changed from a first conducting state to a second conducting state can be 

improved. A large part of a source region or a drain region of the semiconductor 2205 
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is made in contact with the electrode 2301 or the electrode 2302, whereby parasitic 

resistance can be reduced. Further, on-state current can be increased by the reduction 

in parasitic resistance. An offset region can be formed between a channel region and 

the source region or the drain region due to the existence of the insulator 2303. Fine 

5 processing achieving a size smaller than the minimum feature size of a 

photolithography process can be performed; thus, a semiconductor device with a gate 

electrode having a finer gate length can be obtained. The channel length of the 

transistor can be controlled with the thickness of the insulator 2303. Further, the 

length of the offset region can be controlled between the channel region and the source 

10 region or the drain region. 

[0146] 

The semiconductor 2202, the conductor 2203, and the insulator 2204 are 

processed using the same mask, whereby simplification of manufacturing process of the 

semiconductor device, such as reducing the number of photomasks, can be achieved. 

15 [0147] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0148] 

(Embodiment 7) 

20 An insulator, a semiconductor, and a conductor that can be favorably used for a 

semiconductor device of one embodiment of the present invention, and a formation 

method and a processing method thereof are described in this embodiment. 

[0149] 

The insulator can be formed with a single layer or a stack using silicon oxide, 

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

oxynitride, aluminum nitride oxide, aluminum nitride, and the like. 

[0150] 

As the high-dielectric constant material (also referred to as a high-k material) 

that can be used as the insulator, a metal oxide such as a tantalum oxide, a hafnium 

30 oxide, a hafnium silicate oxide, a zirconium oxide, an aluminum oxide, or a titanium 

oxide; or a rare-earth oxide such as a lanthanum oxide, can be used. 

[0151] 
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In the case of using an oxide semiconductor for the semiconductor, an oxide 

material from which oxygen is partly released due to heating is preferably used for the 

insulator. As the oxide material from which oxygen is released due to heating, oxide 

containing oxygen in excess of the stoichiometric composition is preferably used, for 

5 example. The oxide film containing oxygen in excess of the stoichiometric 

composition is an oxide film of which the amount of released oxygen converted into 

oxygen atoms is greater than or equal to 1.0 x 1018 atoms/cm3, and preferably greater 

than or equal to 3.0 x 1020 atoms/cm3 in thermal desorption spectroscopy (TDS) 

analysis. Note that the temperature of the film surface in the TDS analysis is 

10 preferably higher than or equal to 100 °C and lower than or equal to 700 °C, or higher 

than or equal to 100 °C and lower than or equal to 500 °C. For example, as such a 

material, a material containing silicon oxide or silicon oxynitride is preferably used. 

Alternatively, a metal oxide can be used. Note that in this specification, "silicon 

oxynitride" refers to a material that contains oxygen at a higher proportion than nitrogen, 

15 and "silicon nitride oxide" refers to a material that contains nitrogen at a higher 

proportion than oxygen. 

[0152] 

The insulator may be formed by a sputtering method, a chemical vapor 

deposition (CVD) method (including a thermal CVD method, a metal organic CVD 

20 (MOCVD) method, a plasma enhanced CVD (PECVD) method, and the like), a 

molecular beam epitaxy (MBE) method, an atomic layer deposition (ALD) method, a 

pulsed laser deposition (PLD) method, or the like. 

[0153] 

For the insulator having planarity, a heat-resistant organic material, such as 

25 polyimide, acrylic, benzocyclobutene, polyamide, or epoxy can be used. Other than 

such organic materials, it is also possible to use a siloxane-based resin, PSG 

(phosphosilicate glass), BPSG (borophosphosilicate glass), or the like. Note that the 

insulator may be formed by stacking a plurality of insulating films formed using these 

materials. The insulator formed using such materials can be formed by a method such 

30 as a CVD method, a sputtering method, an SOG method, spin coating, dipping, spray 

coating, or a droplet discharge method (e.g., an ink-jet method, or with a tool 
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(equipment) such as a doctor knife, a roll coater, a curtain coater, or a knife coater. 

[0154] 

As a method for forming the insulator having planarity, other than the 

above-described method, a chemical mechanical polishing (CMP) method can be used. 

5 After the formation of the insulator, the surface of the insulator is subjected to CMP 

treatment, so that a flat surface can be obtained. 

[0155] 

For the semiconductor, a semiconductor such as a poly crystalline 

semiconductor, a microcrystalline semiconductor, an amorphous semiconductor, or a 

10 compound semiconductor can be used. For example, amorphous silicon, 

polycrystalline silicon or single crystal silicon, or such a semiconductor doped with an 

element belonging to Group 15 such as phosphorus of the periodic table may be used. 

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

semiconductor may be used. 

15 [0156] 

A metal such as aluminum, titanium, chromium, nickel, copper, yttrium, 

zirconium, molybdenum, silver, tantalum, niobium, or tungsten, or an alloy material or a 

compound material containing any of these as its main component can be used for the 

conductor. Alternatively, polycrystalline silicon to which an impurity such as 

20 phosphorus is added can be used. The conductor may have a single-layer structure or a 

stack of a plurality of materials. For example, a single-layer structure of an aluminum 

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

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

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

25 copper-magnesium-aluminum alloy film, a two-layer structure in which a copper film is 

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

over a tungsten film, a three-layer structure in which a titanium film or a titanium 

nitride film, an aluminum film or a copper film, and a titanium film or a titanium nitride 

film are stacked in this order, a three-layer structure in which a molybdenum film or a 

30 molybdenum nitride film, an aluminum film or a copper film, and a molybdenum film 

or a molybdenum nitride film are stacked in this order, and the like can be given. 

When the metal nitride film is provided, adhesiveness of the metal film can be 
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increased; thus, separation can be prevented. Note that a transparent conductive 

material containing indium oxide, tin oxide, or zinc oxide may be used. 

[0157] 

The conductor can be formed by a sputtering method, an evaporation method, a 

5 CVD method, or the like. The CVD method can include a plasma enhanced CVD 

(PECVD) method using plasma, a thermal CVD (TCVD) method using heat, and the 

like. Moreover, the CVD method can include a metal CVD (MCVD) method and a 

metal organic CVD (MOCVD) method depending on a source gas. By using the 

PECVD method, a high-quality film can be formed at a relatively low temperature. By 

10 using the TCVD method, in which plasma is not used, a film can be formed with few 

defects because damage caused by plasma does not occur. 

[0158] 

Here, a method for processing a film is described. In the case of finely 

processing a film, a variety of fine processing techniques can be used. For example, a 

15 method may be used in which a resist mask formed by a photolithography process or the 

like is subjected to thinning treatment. Alternatively, a method may be used in which a 

dummy pattern is formed by a photolithography process or the like, the dummy pattern 

is provided with a sidewall and is then removed, and a film is etched using the 

remaining sidewall as a resist mask. In order to achieve a high aspect ratio, anisotropic 

20 dry etching is preferably used for etching of a film. Alternatively, a hard mask formed 

of an inorganic film or a metal film may be used. 

[0159] 

As light used to form the resist mask, light with an i-line (with a wavelength of 

356 nm), light with a g-line (with a wavelength of 436 nm), light with an h-line (with a 

25 wavelength of 405 nm), or light in which the i-line, the g-line, and the h-line are mixed 

can be used. Alternatively, ultraviolet light, KrF laser light, ArF laser light, or the like 

can be used. Exposure may be performed by liquid immersion exposure technique. 

As the light for the exposure, extreme ultra-violet light (EUV) or X-rays may be used. 

Instead of the light for the exposure, an electron beam can be used. It is preferable to 

30 use extreme ultra-violet light (EUV), X-rays, or an electron beam because extremely 

minute processing can be performed. Note that in the case of performing exposure by 

scanning a beam such as an electron beam, a photomask is not needed. 
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[0160] 

An organic resin film having a function of improving adhesion between the 

film to be processed and a resist film may be formed before the resist film serving as a 

resist mask is formed. The organic resin film can be formed to planarize a surface by 

5 covering a step under the film by a spin coating method or the like, and thus can reduce 

variation in thickness of the resist mask over the organic resin film. In the case of fine 

processing, in particular, a material serving as a film having a function of preventing 

reflection of light for the exposure is preferably used for the organic resin film. 

Examples of such an organic resin film include bottom anti-reflection coating (BARC) 

10 film. The organic resin film may be removed at the same time as the removal of the 

resist mask or after the removal of the resist mask. 

[0161] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

15 [0162] 

(Embodiment 8) 

An oxide semiconductor that can be favorably used for a semiconductor of a 

semiconductor device of one embodiment of the present invention is described in this 

embodiment. 

20 [0163] 

An oxide semiconductor has a wide energy gap of 3.0 eV or more. A 

transistor including an oxide semiconductor film obtained by processing of the oxide 

semiconductor in an appropriate condition and a sufficient reduction in carrier density 

of the oxide semiconductor can have much lower leakage current between a source and 

25 a drain in an off state (off-state current) than a conventional transistor including silicon. 

[0164] 

An applicable oxide semiconductor preferably contains at least indium (In) or 

zinc (Zn). In particular, In and Zn are preferably contained. In addition, as a 

stabilizer for reducing variation in electric characteristics of the transistor using the 

30 oxide semiconductor, one or more selected from gallium (Ga), tin (Sn), hafnium (Hf), 

zirconium (Zr), titanium (Ti), scandium (Sc), yttrium (Y), and an lanthanoid (such as 

cerium (Ce), neodymium (Nd), or gadolinium (Gd), for example) is preferably 
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contained. 

[0165] 

As the oxide semiconductor, for example, any of the following can be used: 

indium oxide, tin oxide, zinc oxide, an In-Zn-based oxide, a Sn-Zn-based oxide, an 

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

an In-Ga-based oxide, 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-Zr-Zn-based oxide, an In-Ti-Zn-based oxide, an In-Sc-Zn-based oxide, an 

In-Y-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, an In-Lu-Zn-based oxide, an 

15 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. 

[0166] 

Here, an "In-Ga-Zn-based oxide" means an oxide containing In, Ga, and Zn as 

20 its main components and there is no particular limitation on the ratio of In, Ga, and Zn. 

The In-Ga-Zn-based oxide may contain another metal element in addition to In, Ga, and 

Zn. 

[0167] 

Alternatively, a material represented by InM03(Zn0)m (m > 0 is satisfied, and 

25 m is not an integer) may be used as an oxide semiconductor. Note that M represents 

one or more metal elements selected from Ga, Fe, Mn, and Co, or the above-described 

element as a stabilizer. Alternatively, as the oxide semiconductor, a material 

represented by a chemical formula, In2Sn05(Zn0)„ (n > 0, n is a natural number) may 

be used. 

30 [0168] 

For example, In-Ga-Zn-based oxide with an atomic ratio of In:Ga:Zn = 1:1:1, 
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1:3:2, 1:3:4, 1:3:6, 3:1:2, or 2:1:3, or an oxide whose composition is in the 

neighborhood of the above compositions may be used. 

[0169] 

When an oxide semiconductor film contains a large amount of hydrogen, the 

5 hydrogen and an oxide semiconductor are bonded to each other, so that a donor level 

might be formed owing to the hydrogen in the oxide semiconductor film. For example, 

donor levels might be formed by entry of hydrogen in sites of oxygen vacancies. As a 

result, the threshold voltage of the transistor shifts in the negative direction. Therefore, 

it is preferable that, after formation of the oxide semiconductor film, dehydration 

10 treatment (dehydrogenation treatment) be performed to remove hydrogen or moisture 

from the oxide semiconductor film so that the oxide semiconductor film is highly 

purified to contain impurities as little as possible. 

[0170] 

Note that oxygen in the oxide semiconductor film is also reduced by the 

15 dehydration treatment (dehydrogenation treatment) in some cases. Therefore, it is 

preferable that oxygen whose amount is reduced in the dehydration treatment 

(dehydrogenation treatment) be added to the oxide semiconductor or oxygen be 

supplied to fill the oxygen vacancies in the oxide semiconductor film. In this 

specification and the like, supplying oxygen to an oxide semiconductor film may be 

20 expressed as oxygen adding treatment, and treatment for making the oxygen content of 

an oxide semiconductor film be in excess of that in the stoichiometric composition may 

be expressed as treatment for making an oxygen-excess state. 

[0171] 

In this manner, hydrogen or moisture is removed from the oxide semiconductor 

25 film by the dehydration treatment (dehydrogenation treatment) and oxygen vacancies 

therein are filled by the oxygen adding treatment, whereby the oxide semiconductor 

film can be turned into an i-type (intrinsic) oxide semiconductor film or a substantially 

i-type (intrinsic) oxide semiconductor film which is extremely close to an i-type oxide 

semiconductor film. Note that "substantially intrinsic" means that the oxide 

30 semiconductor film contains extremely few (close to zero) carriers derived from a donor 

and has a carrier density which is lower than 1 x 1017 /cm3, lower than 1 x 1015 /cm3, or 
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lower than 1 x 1013 /cm3. 

[0172] 

Thus, the transistor including an i-type or substantially i-type oxide 

semiconductor film can have extremely favorable off-state current characteristics. For 

5 example, the drain current at the time when the transistor including an oxide 

semiconductor film is in an off-state can be less than or equal to 1 x 10~18 A, preferably 

less than or equal to 1 x 10~21 A, further preferably less than or equal to 1 x 10~24 A at 

room temperature (about 25 °C); or less than or equal to 1 x 10~15 A, preferably less 

than or equal to 1 x 10~18 A, further preferably less than or equal to 1 x 10~21 A at 85 °C. 

10 Note that an off state of an n-channel transistor refers to a state where the gate voltage is 

sufficiently lower than the threshold voltage. Specifically, the transistor is in an off 

state when the gate voltage is lower than the threshold voltage by IV or more, 2V or 

more, or 3 V or more. 

[0173] 

15 A structure of the oxide semiconductor film is described below. 

[0174] 

An oxide semiconductor film is classified roughly into a single-crystal oxide 

semiconductor film and a non-single-crystal oxide semiconductor film. The 

non-single-crystal oxide semiconductor film includes any of a c-axis aligned crystalline 

20 oxide semiconductor (CAAC-OS) film, a polycrystalline oxide semiconductor film, a 

microcrystalline oxide semiconductor film, an amorphous oxide semiconductor film, 

and the like. 

[0175] 

First, a CAAC-OS film is described. 

25 [0176] 

The CAAC-OS film is one of oxide semiconductor films having a plurality of 

c-axis aligned crystal parts. 

[0177] 

In a transmission electron microscope (TEM) image of the CAAC-OS film, a 

30 boundary between crystal parts, that is, a grain boundary is not clearly observed. Thus, 

in the CAAC-OS film, a reduction in electron mobility due to the grain boundary is less 
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likely to occur. 

[0178] 

According to the TEM image of the CAAC-OS film observed in a direction 

substantially parallel to a sample surface (cross-sectional TEM image), metal atoms are 

5 arranged in a layered manner in the crystal parts. Each metal atom layer has a 

morphology that reflects a surface over which the CAAC-OS film is formed (hereinafter, 

a surface over which the CAAC-OS film is formed is referred to as a formation surface) 

or a top surface of the CAAC-OS film, and is arranged parallel to the formation surface 

or the top surface of the CAAC-OS film. 

10 [0179] 

On the other hand, according to the TEM image of the CAAC-OS film 

observed in a direction substantially perpendicular to the sample surface (plan TEM 

image), metal atoms are arranged in a triangular or hexagonal configuration in the 

crystal parts. However, there is no regularity of arrangement of metal atoms between 

15 different crystal parts. 

[0180] 

FIG. 26A is a cross-sectional TEM image of a CAAC-OS film. FIG. 26B is a 

cross-sectional TEM image obtained by enlarging the image of FIG. 26 A. In FIG. 26B, 

atomic order is highlighted for easy understanding. 

20 [0181] 

FIG. 26C shows Fourier transform images of regions each surrounded by a 

circle (diameter is approximately 4 nm) between A and O and between O and A' in FIG. 

26A. C-axis alignment can be observed in each region in FIG. 26C. The c-axis 

direction between A and O is different from that between O and A, which indicates that 

25 a grain in the region between A and O is different from that between O and A'. In 

addition, between A and O, the angle of the c-axis continuously and gradually changes 

from 14.3°, 16.6° to 26.4°. Similarly, between O and A, the angle of the c-axis 

continuously changes from -18.3°, -17.6°, to -15.9°. 

[0182] 

30 Note that in an electron diffraction pattern of the CAAC-OS film, spots (bright 

spots) having alignment are shown. For example, when electron diffraction with an 
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electron beam having a diameter of 1 to 30 nm (such electron diffraction is also referred 

to as nanobeam electron diffraction) is performed on the top surface of the CAAC-OS 

film, spots are observed (see FIG. 27A). 

[0183] 

5 From the results of the cross-sectional TEM image and the plan TEM image, 

alignment is found in the crystal parts in the CAAC-OS film. 

[0184] 

Most of the crystal parts included in the CAAC-OS film each fit inside a cube 

whose one side is less than 100 nm. Thus, there is a case where a crystal part included 

10 in the CAAC-OS film fits inside a cube whose one side is less than 10 nm, less than 5 

nm, or less than 3 nm. Note that when a plurality of crystal parts included in the 

CAAC-OS film are connected to each other, one large crystal region is formed in some 

cases. For example, a crystal region with an area of 2500 nm2 or more, 5 mm2 or more, 

or 1000 mm2 or more is observed in some cases in the plan TEM image. 

15 [0185] 

A CAAC-OS film is subjected to structural analysis with an X-ray diffraction 

(XRD) apparatus. For example, when the CAAC-OS film including an InGaZn04 

crystal is analyzed by an out-of-plane method, a peak appears frequently when the 

diffraction angle (26) is around 31°. This peak is derived from the (009) plane of the 

20 InGaZn04 crystal, which indicates that crystals in the CAAC-OS film have c-axis 

alignment, and that the c-axes are aligned in a direction substantially perpendicular to 

the formation surface or the top surface of the CAAC-OS film. 

[0186] 

On the other hand, when the CAAC-OS film is analyzed by an in-plane method 

25 in which an X-ray enters a sample in a direction substantially perpendicular to the c-axis, 

a peak appears frequently when 26 is around 56°. This peak is derived from the (110) 

plane of the InGaZn04 crystal. Here, analysis (<!> scan) is performed under conditions 

where the sample is rotated around a normal vector of a sample surface as an axis 

(^ axis) with 29 fixed at around 56°. In the case where the sample is a single-crystal 

30 oxide semiconductor film of InGaZn04, six peaks appear. The six peaks are derived 

from crystal planes equivalent to the (110) plane. On the other hand, in the case of a 
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CAAC-OS film, a peak is not clearly observed even when (j> scan is performed with 26 

fixed at around 56°. 

[0187] 

According to the above results, in the CAAC-OS film having c-axis alignment, 

5 while the directions of a-axes and b-axes are irregularly oriented between crystal parts, 

the c-axes are aligned in a direction parallel to a normal vector of a formation surface or 

a normal vector of a top surface. Thus, each metal atom layer arranged in a layered 

manner observed in the cross-sectional TEM image corresponds to a plane parallel to 

the a-b plane of the crystal. 

10 [0188] 

Note that the crystal part is formed concurrently with deposition of the 

CAAC-OS film or is formed through crystallization treatment such as heat treatment. 

As described above, the c-axis of the crystal is aligned in a direction parallel to a normal 

vector of a formation surface or a normal vector of a top surface. Thus, for example, 

15 in the case where a shape of the CAAC-OS film is changed by etching or the like, the 

c-axis might not be necessarily parallel to a normal vector of a formation surface or a 

normal vector of a top surface of the CAAC-OS film. 

[0189] 

Further, distribution of c-axis aligned crystal parts in the CAAC-OS film is not 

20 necessarily uniform. For example, in the case where crystal growth leading to the 

crystal parts of the CAAC-OS film occurs from the vicinity of the top surface of the 

film, the proportion of the c-axis aligned crystal parts in the vicinity of the top surface is 

higher than that in the vicinity of the formation surface in some cases. Further, when 

an impurity is added to the CAAC-OS film, a region to which the impurity is added is 

25 altered, and the proportion of the c-axis aligned crystal parts in the CAAC-OS film 

varies depending on regions, in some cases. 

[0190] 

Note that when the CAAC-OS film with an InGaZn04 crystal is analyzed by an 

out-of-plane method, a peak of 26 may also be observed at around 36°, in addition to 

30 the peak of 26 at around 31°. The peak of 26 at around 36° indicates that a crystal 

having no c-axis alignment is included in part of the CAAC-OS film. It is preferable 
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that in the CAAC-OS film, a peak of 29 appear at around 31° and a peak of 29 not 

appear at around 36°. 

[0191] 

The CAAC-OS film is an oxide semiconductor film having low impurity 

5 concentration. The impurity is an element other than the main components of the 

oxide semiconductor film, such as hydrogen, carbon, silicon, or a transition metal 

element. In particular, an element that has higher bonding strength to oxygen than a 

metal element included in the oxide semiconductor film, such as silicon, disturbs the 

atomic arrangement of the oxide semiconductor film by depriving the oxide 

10 semiconductor film of oxygen and causes a decrease in crystallinity. Further, a heavy 

metal such as iron or nickel, argon, carbon dioxide, or the like has a large atomic radius 

(molecular radius), and thus disturbs the atomic arrangement of the oxide 

semiconductor film and causes a decrease in crystallinity when it is contained in the 

oxide semiconductor film. Note that the impurity contained in the oxide 

15 semiconductor film might serve as a carrier trap or a carrier generation source. 

[0192] 

The CAAC-OS film is an oxide semiconductor film having a low density of 

defect states. In some cases, oxygen vacancies in the oxide semiconductor film serve 

as carrier traps or serve as carrier generation sources when hydrogen is captured therein. 

20 [0193] 

The state in which impurity concentration is low and density of defect states is 

low (the number of oxygen vacancies is small) is referred to as a "highly purified 

intrinsic" or "substantially highly purified intrinsic" state. A highly purified intrinsic 

or substantially highly purified intrinsic oxide semiconductor film has few carrier 

25 generation sources, and thus can have a low carrier density. Thus, a transistor 

including the oxide semiconductor film rarely has negative threshold voltage (is rarely 

normally on). The highly purified intrinsic or substantially highly purified intrinsic 

oxide semiconductor film has a low density of defect states, and thus has few carrier 

traps. Accordingly, the transistor including the oxide semiconductor film has little 

30 variation in electrical characteristics and high reliability. Electric charge trapped by 

the carrier traps in the oxide semiconductor film takes a long time to be released, and 
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might behave like fixed electric charge. Thus, the transistor which includes the oxide 

semiconductor film having high impurity concentration and a high density of defect 

states has unstable electrical characteristics in some cases. 

[0194] 

5 With the use of the CAAC-OS film in a transistor, variation in the electrical 

characteristics of the transistor due to irradiation with visible light or ultraviolet light is 

small. 

[0195] 

Next, a polycrystalline oxide semiconductor film is described. 

10 [0196] 

In an image obtained with a TEM, for example, crystal grains can be found in 

the polycrystalline oxide semiconductor film. In most cases, the size of a crystal grain 

in the polycrystalline oxide semiconductor film is greater than or equal to 2 nm and less 

than or equal to 300 nm, greater than or equal to 3 nm and less than or equal to 100 nm, 

15 or greater than or equal to 5 nm and less than or equal to 50 nm in an image obtained 

with the TEM, for example. Moreover, in an image obtained with the TEM, a 

boundary between crystals can be found in the polycrystalline oxide semiconductor film 

in some cases. 

[0197] 

20 The polycrystalline oxide semiconductor film may include a plurality of crystal 

grains, and alignment of crystals may be different in the plurality of crystal grains. A 

polycrystalline oxide semiconductor film is subjected to structural analysis with an 

XRD apparatus. For example, when the polycrystalline oxide semiconductor film 

including an InGaZn04 crystal is analyzed by an out-of-plane method, peaks of 29 

25 appear at around 31°, 36°, and the like in some cases. 

[0198] 

The polycrystalline oxide semiconductor film has high crystallinity and thus 

has high electron mobility in some cases. Accordingly, a transistor including the 

polycrystalline oxide semiconductor film has high field-effect mobility. Note that 

30 there are cases in which an impurity is segregated at the grain boundary between the 

crystals in the polycrystalline oxide semiconductor film. Moreover, the grain 
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boundary of the polycrystalline oxide semiconductor film becomes a defect state. 

Since the grain boundary of the polycrystalline oxide semiconductor film may serve as a 

carrier trap or a carrier generation source, a transistor including the polycrystalline 

oxide semiconductor film has larger variation in electrical characteristics and lower 

5 reliability than a transistor including a CAAC-OS film in some cases. 

[0199] 

Next, a microcrystalline oxide semiconductor film is described. 

[0200] 

In an image obtained with the TEM, crystal parts cannot be found clearly in the 

10 microcrystalline oxide semiconductor in some cases. In most cases, a crystal part in 

the microcrystalline oxide semiconductor is greater than or equal to 1 nm and less than 

or equal to 100 nm, or greater than or equal to 1 nm and less than or equal to 10 nm. A 

microcrystal with a size greater than or equal to 1 nm and less than or equal to 10 nm, or 

a size greater than or equal to 1 nm and less than or equal to 3 nm is specifically 

15 referred to as nanocrystal (nc).An oxide semiconductor film including nanocrystal is 

referred to as an nc-OS (nanocrystalline oxide semiconductor) film. In an image 

obtained with TEM, a crystal grain boundary cannot be found clearly in the nc-OS film 

in some cases. 

[0201] 

20 In the nc-OS film, a microscopic region (for example, a region with a size 

greater than or equal to 1 nm and less than or equal to 10 nm, in particular, a region with 

a size greater than or equal to 1 nm and less than or equal to 3 nm) has a periodic atomic 

order. Note that there is no regularity of crystal orientation between different crystal 

parts in the nc-OS film. Thus, the orientation of the whole film is not observed. 

25 Accordingly, in some cases, the nc-OS film cannot be distinguished from an amorphous 

oxide semiconductor depending on an analysis method. For example, when the nc-OS 

film is subjected to structural analysis by an out-of-plane method with an XRD 

apparatus using an X-ray having a diameter larger than that of a crystal part, a peak 

which shows a crystal plane does not appear. Further, a halo pattern is shown in a 

30 selected-area electron diffraction pattern of the nc-OS film which is obtained by using 

an electron beam having a probe diameter (e.g., greater than or equal to 50 nm) larger 

than the diameter of a crystal part. Meanwhile, spots are shown in a nanobeam 
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electron diffraction pattern of the nc-OS film obtained by using an electron beam having 

a probe diameter close to, or smaller than the diameter of a crystal part. Further, in a 

nanobeam electron diffraction pattern of the nc-OS film, regions with high luminance in 

a circular (ring) pattern are shown in some cases. Also in a nanobeam electron 

5 diffraction pattern of the nc-OS film, a plurality of spots are shown in a ring-like region 

in some cases (see FIG. 27B). 

[0202] 

The nc-OS film is an oxide semiconductor film that has high regularity as 

compared to an amorphous oxide semiconductor film. Therefore, the nc-OS film has a 

10 lower density of defect states than an amorphous oxide semiconductor film. However, 

there is no regularity of crystal orientation between different crystal parts in the nc-OS 

film; hence, the nc-OS film has a higher density of defect states than the CAAC-OS 

film. 

[0203] 

15 Thus, the nc-OS film may have a higher carrier density than the CAAC-OS 

film. The oxide semiconductor film having a high carrier density may have high 

electron mobility. Thus, a transistor including the nc-OS film may have high 

field-effect mobility. The nc-OS film has a higher defect state density than the 

CAAC-OS film, and thus may have a lot of carrier traps. Consequently, a transistor 

20 including the nc-OS film has larger variation in electrical characteristics and lower 

reliability than a transistor including the CAAC-OS film. The nc-OS film can be 

formed easily as compared to the CAAC-OS film because nc-OS film can be formed 

even when a relatively large amount of impurities are included; thus, depending on the 

purpose, the nc-OS film can be favorably used in some cases. Therefore, a 

25 semiconductor device including the transistor including the nc-OS film can be 

manufactured with high productivity in some cases. 

[0204] 

Next, an amorphous oxide semiconductor film is described. 

[0205] 

30 The amorphous oxide semiconductor film has disordered atomic arrangement 

and no crystal part. For example, the amorphous oxide semiconductor film does not 

have a specific state like quartz. 
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[0206] 

In an image obtained with a TEM, crystal parts cannot be found in the 

amorphous oxide semiconductor film. 

[0207] 

5 When the amorphous oxide semiconductor film is subjected to structural 

analysis by an out-of-plane method with an XRD apparatus, a peak which shows a 

crystal plane does not appear. A halo pattern is shown in an electron diffraction pattern 

of the amorphous oxide semiconductor film. Further, a halo pattern is shown but a 

spot is not shown in a nanobeam electron diffraction pattern of the amorphous oxide 

10 semiconductor film. 

[0208] 

The amorphous oxide semiconductor film contains impurities such as hydrogen 

at a high concentration. In addition, the amorphous oxide semiconductor film has a 

high density of defect states. 

15 [0209] 

The oxide semiconductor film having a high impurity concentration and a high 

density of defect states has many carrier traps or many carrier generation sources. 

[0210] 

Accordingly, the amorphous oxide semiconductor film has a much higher 

20 carrier density than the nc-OS film. Therefore, a transistor including the amorphous 

oxide semiconductor film tends to be normally on. Thus, in some cases, such an 

amorphous oxide semiconductor layer can be applied to a transistor which needs to be 

normally on. Since the amorphous oxide semiconductor film has a high density of 

defect states, carrier traps might be increased. Consequently, a transistor including the 

25 amorphous oxide semiconductor film has larger variation in electrical characteristics 

and lower reliability than a transistor including the CAAC-OS film or the nc-OS film. 

[0211] 

Next, a single-crystal oxide semiconductor film is described. 

[0212] 

30 The single-crystal oxide semiconductor film has a lower impurity concentration 

and a lower density of defect states (few oxygen vacancies). Thus, the carrier density 

can be decreased. Accordingly, a transistor including the single-crystal oxide 
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semiconductor film is unlikely to be normally on. Moreover, since the single-crystal 

oxide semiconductor film has a lower impurity concentration and a lower density of 

defect states, carrier traps might be reduced. Thus, the transistor including the 

single-crystal oxide semiconductor film has small variation in electrical characteristics 

5 and accordingly has high reliability. 

[0213] 

Note that when the oxide semiconductor film has few defects, the density 

thereof is increased. When the oxide semiconductor film has high crystallinity, the 

density thereof is increased. When the oxide semiconductor film has a lower 

10 concentration of impurities such as hydrogen, the density thereof is increased. The 

single-crystal oxide semiconductor film has a higher density than the CAAC-OS film. 

The CAAC-OS film has a higher density than the microcrystalline oxide semiconductor 

film. The polycrystalline oxide semiconductor film has a higher density than the 

microcrystalline oxide semiconductor film. The microcrystalline oxide semiconductor 

15 film has a higher density than the amorphous oxide semiconductor film. 

[0214] 

Note that an oxide semiconductor film may be a stacked film including two or 

more kinds of an amorphous oxide semiconductor film, a microcrystalline oxide 

semiconductor film, and a CAAC-OS film, for example. 

20 [0215] 

In the case where the oxide semiconductor film has a plurality of structures, the 

structures can be analyzed using nanobeam electron diffraction in some cases. 

[0216] 

FIG. 27C illustrates a transmission electron diffraction measurement apparatus 

25 which includes an electron gun chamber 10, an optical system 12 below the electron 

gun chamber 10, a sample chamber 14 below the optical system 12, an optical system 

16 below the sample chamber 14, an observation chamber 20 below the optical system 

16, a camera 18 installed in the observation chamber 20, and a film chamber 22 below 

the observation chamber 20. The camera 18 is provided to face toward the inside of 

30 the observation chamber 20. Note that the film chamber 22 is not necessarily 

provided. 

[0217] 
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FIG. 27D illustrates the internal structure of the transmission electron 

diffraction measurement apparatus in FIG. 27C. In the transmission electron 

diffraction measurement apparatus, a substance 28 which is positioned in the sample 

chamber 14 is irradiated with electrons emitted from an electron gun installed in the 

5 electron gun chamber 10 through the optical system 12. Electrons passing through the 

substance 28 enter a fluorescent plate 32 provided in the observation chamber 20 

through the optical system 16. On the fluorescent plate 32, a pattern corresponding to 

the intensity of entered electron appears, which allows measurement of a transmission 

electron diffraction pattern. 

10 [0218] 

The camera 18 is installed so as to face the fluorescent plate 32 and can take a 

picture of a pattern appearing in the fluorescent plate 32. An angle formed by a 

straight line which passes through the center of a lens of the camera 18 and the center of 

the fluorescent plate 32 and an upper surface of the fluorescent plate 32 is, for example, 

15 15° or more and 80° or less, 30° or more and 75° or less, or 45° or more and 70° or less. 

As the angle is reduced, distortion of the transmission electron diffraction pattern taken 

by the camera 18 becomes larger. Note that if the angle is obtained in advance, the 

distortion of an obtained transmission electron diffraction pattern can be corrected. 

Note that the film chamber 22 may be provided with the camera 18. For example, the 

20 camera 18 may be set in the film chamber 22 so as to be opposite to the incident 

direction of electrons 24. In this case, a transmission electron diffraction pattern with 

less distortion can be taken from the rear surface of the fluorescent plate 32. 

[0219] 

A holder for fixing the substance 28 that is a sample is provided in the sample 

25 chamber 14. The holder transmits electrons passing through the substance 28. The 

holder may have, for example, a function of moving the substance 28 in the direction of 

the X, Y, and Z axes. The movement function of the holder may have an accuracy of 

moving the substance in the range of, for example, 1 nm to 10 nm, 5 nm to 50 nm, 10 

nm to 100 nm, 50 nm to 500 nm, and 100 nm to 1 |j,m. The range is preferably 

30 determined to be an optimal range for the structure of the substance 28. 

[0220] 
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Then, a method for measuring a transmission electron diffraction pattern of a 

substance by the transmission electron diffraction measurement apparatus described 

above will be described. 

[0221] 

5 For example, changes in the structure of a substance can be observed by 

changing the irradiation position of the electrons 24 that are a nanobeam in the 

substance (or by scanning) as illustrated in FIG. 27D. At this time, when the substance 

28 is a CAAC-OS film, a diffraction pattern shown in FIG. 27A can be observed. 

When the substance 28 is an nc-OS film, a diffraction pattern shown in FIG. 27B can be 

10 observed. 

[0222] 

Even when the substance 28 is a CAAC-OS film, a diffraction pattern similar 

to that of an nc-OS film or the like is partly observed in some cases. Therefore, 

whether or not a CAAC-OS film is favorable can be determined by the prorportion of a 

15 region where a diffraction pattern of a CAAC-OS film is observed in a predetermined 

area (also referred to as proportion of CAAC). In the case of a high quality CAAC-OS 

film, for example, the proportion of CAAC is higher than or equal to 50 %, preferably 

higher than or equal to 80 %, further preferably higher than or equal to 90 %, still 

further preferably higher than or equal to 95 %. Note that a proportion of a region 

20 other than that of the CAAC region is referred to as the proportion of non-CAAC. 

[0223] 

For example, transmission electron diffraction patterns were obtained by 

scanning a top surface of a sample including a CAAC-OS film obtained just after 

deposition (represented as "as-sputtered") and a top surface of a sample including a 

25 CAAC-OS film subjected to heat treatment at 450 °C in an atmosphere containing 

oxygen. Here, the proportion of CAAC was obtained in such a manner that diffraction 

patterns were observed by scanning for 60 seconds at a rate of 5 nm/second and the 

obtained diffraction patterns were converted into still images every 0.5 seconds. Note 

that as an electron beam, a nanobeam with a probe diameter of 1 nm was used. The 

30 above measurement was performed on six samples. The proportion of CAAC was 

calculated using the average value of the six samples. 
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[0224] 

FIG. 28A shows the proportion of CAAC in each sample. The proportion of 

CAAC of the CAAC-OS film obtained just after the deposition was 75.7 % (the 

proportion of non-CAAC was 24.3 %). The proportion of CAAC of the CAAC-OS 

5 film subjected to the heat treatment at 450 °C was 85.3 % (the proportion of non-CAAC 

was 14.7 %). These results show that the proportion of CAAC obtained after the heat 

treatment at 450 °C is higher than that obtained just after the deposition. That is, heat 

treatment at a high temperature (e.g., higher than or equal to 400 °C) reduces the 

proportion of non-CAAC (increases the proportion of CAAC). Further, the above 

10 results also indicate that even when the temperature of the heat treatment is lower than 

500 °C, the CAAC-OS film can have a high proportion of CAAC. 

[0225] 

Here, most of diffraction patterns different from that of a CAAC-OS film are 

diffraction patterns similar to that of an nc-OS film. Further, an amorphous oxide 

15 semiconductor film was not able to be observed in the measurement region. Therefore, 

the above results suggest that the region having a structure similar to that of an nc-OS 

film is rearranged by the heat treatment owing to the influence of the structure of the 

adjacent region, whereby the region becomes CAAC. 

[0226] 

20 FIGS. 28B and 28C are planar TEM images of the CAAC-OS film obtained 

immediately after the deposition and the CAAC-OS film subjected to the heat treatment 

at 450 °C, respectively. Comparison between FIGS. 28B and 28C shows that the 

CAAC-OS film subjected to the heat treatment at 450 °C has more even film quality. 

That is, the heat treatment at a high temperature improves the film quality of the 

25 CAAC-OS film. 

[0227] 

With such a measurement method, the structure of an oxide semiconductor film 

having a plurality of structures can be analyzed in some cases. 

[0228] 

30 The CAAC-OS film is formed, for example, by the following method. 

[0229] 
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By reducing the amount of impurities entering the CAAC-OS layer during the 

deposition, the crystal state can be prevented from being broken by the impurities. For 

example, the concentration of impurities (e.g., hydrogen, water, carbon dioxide, or 

nitrogen) which exist in the deposition chamber may be reduced. Furthermore, the 

5 concentration of impurities in a deposition gas may be reduced. Specifically, a 

deposition gas whose dew point is -80 °C or lower, preferably -100 °C or lower is used. 

[0230] 

Furthermore, it is preferable that the proportion of oxygen in the deposition gas 

be increased and the power be optimized in order to reduce plasma damage at the 

10 deposition. The proportion of oxygen in the deposition gas is higher than or equal to 

30 vol%, preferably 100 vol%. 

[0231] 

Alternatively, the CAAC-OS film is formed by the following method. 

[0232] 

15 First, a first oxide semiconductor film is formed to a thickness of greater than 

or equal to 1 nm and less than 10 nm. The first oxide semiconductor film is formed by 

a sputtering method. Specifically, the substrate temperature is set to higher than or 

equal to 100 °C and lower than or equal to 500 °C, preferably higher than or equal to 

150°C and lower than or equal to 450 °C, and the proportion of oxygen in a deposition 

20 gas is set to higher than or equal to 30 vol%, preferably 100 vol%. 

[0233] 

Next, heat treatment is performed so that the first oxide semiconductor film 

becomes a first CAAC-OS film with high crystallinity. The temperature of the heat 

treatment is higher than or equal to 350 °C and lower than or equal to 740 °C, 

25 preferably higher than or equal to 450 °C and lower than or equal to 650 °C. The heat 

treatment time is longer than or equal to 1 minute and shorter than or equal to 24 hours, 

preferably longer than or equal to 6 minutes and shorter than or equal to 4 hours. The 

heat treatment may be performed in an inert atmosphere or an oxidation atmosphere. 

It is preferable to perform heat treatment in an inert atmosphere and then perform heat 

30 treatment in an oxidation atmosphere. The heat treatment in an inert atmosphere can 

reduce the concentration of impurities in the first oxide semiconductor film for a short 
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time. At the same time, the heat treatment in an inert atmosphere may generate 

oxygen vacancies in the first oxide semiconductor film. In such a case, the heat 

treatment in an oxidation atmosphere can reduce the oxygen vacancies. Note that the 

heat treatment may be performed under a reduced pressure, such as 1000 Pa or lower, 

5 100 Pa or lower, 10 Pa or lower, or 1 Pa or lower. The heat treatment under the 

reduced pressure can reduce the concentration of impurities in the first oxide 

semiconductor film for a shorter time. 

[0234] 

The first oxide semiconductor film can be crystallized easier in the case where 

10 the thickness is greater than or equal to 1 nm and less than 10 nm than in the case where 

the thickness is greater than or equal to 10 nm. 

[0235] 

Next, a second oxide semiconductor film having the same composition as the 

first oxide semiconductor film is formed to a thickness of greater than or equal to 10 nm 

15 and less than or equal to 50 nm. The second oxide semiconductor film is formed by a 

sputtering method. Specifically, the substrate temperature is set to higher than or equal 

to 100 °C and lower than or equal to 500 °C, preferably higher than or equal to 150°C 

and lower than or equal to 450 °C, and the proportion of oxygen in a deposition gas is 

set to higher than or equal to 30 vol%, preferably 100 vol%. 

20 [0236] 

Next, heat treatment is performed so that solid phase growth of the second 

oxide semiconductor film is performed using the first CAAC-OS film, thereby forming 

a second CAAC-OS film with high crystallinity. The temperature of the heat treatment 

is higher than or equal to 350 °C and lower than or equal to 740 °C, preferably higher 

25 than or equal to 450 °C and lower than or equal to 650 °C. The heat treatment time is 

longer than or equal to 1 minute and shorter than or equal to 24 hours, preferably longer 

than or equal to 6 minutes and shorter than or equal to 4 hours. The heat treatment 

may be performed in an inert atmosphere or an oxidation atmosphere. It is preferable 

to perform heat treatment in an inert atmosphere and then perform heat treatment in an 

30 oxidation atmosphere. The heat treatment in an inert atmosphere can reduce the 

concentration of impurities in the second oxide semiconductor film for a short time. 
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At the same time, the heat treatment in an inert atmosphere may generate oxygen 

vacancies in the second oxide semiconductor film. In such a case, the heat treatment 

in an oxidation atmosphere can reduce the oxygen vacancies. Note that the heat 

treatment may be performed under a reduced pressure, such as 1000 Pa or lower, 100 Pa 

5 or lower, 10 Pa or lower, or 1 Pa or lower. The heat treatment under the reduced 

pressure can reduce the concentration of impurities in the second oxide semiconductor 

film for a shorter time. 

[0237] 

As described above, a CAAC-OS film with a total thickness of greater than or 

10 equal to 10 nm can be formed. 

[0238] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0239] 

15 (Embodiment 9) 

An oxide semiconductor that can be favorably used for a semiconductor of a 

semiconductor device of one embodiment of the present invention is described in this 

embodiment. 

[0240] 

20 A semiconductor device of one embodiment of the present invention preferably 

includes an oxide layer, which contains as its constituent element at least one of the 

metal elements constituting an oxide semiconductor, between the oxide semiconductor 

and an insulator that overlaps the oxide semiconductor. In this way, a trap state is 

prevented from being formed at the interface between the oxide semiconductor and the 

25 insulator that overlaps the oxide semiconductor. 

[0241] 

That is, one embodiment of the present invention preferably has a structure in 

which each of the top surface and the bottom surface of at least the channel formation 

region of the oxide semiconductor is in contact with an oxide layer that functions as a 

30 barrier film for preventing formation of an interface state of the oxide semiconductor. 

With this structure, formation of oxygen vacancy and entry of impurities which cause 

formation of carriers in the oxide semiconductor and the interface can be 
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prevented.Thus, a highly purified intrinsic oxide semiconductor can be obtained. The 

highly purified intrinsic oxide semiconductor refers to an intrinsic or substantially 

intrinsic oxide semiconductor. It is thus possible to reduce variation in the electrical 

characteristics of a transistor including the oxide semiconductor and to provide a highly 

5 reliable semiconductor device. 

[0242] 

Note that in this specification and the like, in the case of the substantially 

purified oxide semiconductor, the carrier density thereof is lower than 1 x 1017 /cm3, 

lower than 1 x 1015 /cm3, or lower than 1 x 1013 /cm3. With a highly purified intrinsic 

10 oxide semiconductor, the transistor can have stable electrical characteristics. 

[0243] 

A semiconductor 2901 is provided between an insulator 2904 and a 

semiconductor 2902. A semiconductor 2903 is provided between the semiconductor 

2902 and the insulator 2905 functioning as a gate insulating film. The insulator 2905 

15 is provided between the semiconductor 2903 and a conductor 2906 functioning as a gate 

electrode (FIG. 29C). 

[0244] 

The semiconductors 2901 and 2903 each contain an oxide containing one or 

more metal elements that are also contained in the semiconductor 2902. 

20 [0245] 

Note that the boundary between the semiconductors 2902 and 2901 or the 

boundary between the semiconductors 2902 and 2903 is not clear in some cases. 

[0246] 

For example, the semiconductors 2901 and 2903 contain In or Ga; typically, a 

25 material such as In-Ga-based oxide, In-Zn-based oxide, or In-M-Zn-based oxide (M is 

Al, Ti, Ga, Y, Zr, La, Ce, Nd, or Hf) that has energy of the bottom of the conduction 

band closer to the vacuum level than that of the semiconductor 2902 is used. Typically, 

the difference in energy at the bottom of the conduction band between the 

semiconductor 2901 or 2903 and the semiconductor 2902 is preferably 0.05 eV or more, 

30 0.07 eV or more, 0.1 eV or more, or 0.15 eV or more and 2 eV or less, 1 eV or less, 0.5 

eV or less, or 0.4 eV or less. 
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[0247] 

For each of the semiconductors 2901 and 2903 between which the 

semiconductor 2902 is provided, an oxide that contains a larger amount of Ga serving as 

a stabilizer than the semiconductor 2902 is used, which can inhibit release of oxygen 

5 from the semiconductor 2902. 

[0248] 

When an In-Ga-Zn-based oxide having an atomic ratio of In:Ga:Zn = 1:1:1 or 

3:1:2 is used for the semiconductor 2902, for example, an In-Ga-Zn-based oxide having 

an atomic ratio of In:Ga:Zn = 1:3:2, 1:3:4, 1:3:6, 1:6:4, 1:6:8, 1:6:10, or 1:9:6 can be 

10 used for the semiconductor 2901 or the semiconductor 2903. In each of the 

semiconductors 2902, 2901, and 2903, the proportions of the atoms in the above atomic 

ratio vary within a range of ±20 % as an error. For the semiconductors 2901 and 2903, 

materials with the same composition or materials with different compositions may be 

used. 

15 [0249] 

Further, when an In-M-Zn-based oxide is used for the semiconductor 2902, an 

oxide containing metal elements in the atomic ratio satisfying the following conditions 

is preferably used for a target for forming a semiconductor film to be the semiconductor 

2902. Given that the atomic ratio of the metal elements in the oxide is In:A/:Zn = 

20 Xi.yi.zi, X|/j'i is greater than or equal to 1/3 and less than or equal to 6, preferably 

greater than or equal to 1 and less than or equal to 6, and z\!y\ is greater than or equal to 

1/3 and less than or equal to 6, preferably greater than or equal to 1 and less than or 

equal to 6. Note that when zi/yi is less than or equal to 6, a CAAC-OS film to be 

described later is easily formed. Typical examples of the atomic ratio of the metal 

25 elements in the target are In: M: Zn = 1:1:1, In: M: Zn = 3:1:2, or the like. 

[0250] 

When an In-M-Zn-based oxide is used for the semiconductors 2901 and 2903, 

an oxide containing metal elements in the following atomic ratio is preferably used for a 

target for forming oxide films to be the semiconductors 2901 and 2903. Given that the 

30 atomic ratio of the metal elements in the oxide is In: M Zn = xyyr-Zi-, xilyi is less than 

x\!y\, and zjlyj is greater than or equal to 1/3 and less than or equal to 6, preferably 
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greater than or equal to 1 and less than or equal to 6. Note that when z2/y2 is less than 

or equal to 6, a CAAC-OS film to be described later is easily formed.Typical examples 

of the atomic ratio of the metal elements in the target are In: M: Zn = 1:3:4, In: M: Zn = 

1:3:6, In: M: Zn = 1:3:8, or the like. 

5 [0251] 

For the semiconductors 2901 and 2903, gallium oxide, gallium zinc oxide, or 

the like can be used. Using such a material, off-state leakage current of the transistor 

can be reduced. 

[0252] 

10 By using a material whose energy level of the bottom of the conduction band is 

closer to the vacuum level than that of the semiconductor 2902 is used for the 

semiconductors 2901 and 2903, a channel is mainly formed in the semiconductor 2902, 

so that the semiconductor 2902 serves as a main current path. In this manner, when 

the semiconductor 2902 in which a channel is formed is provided between the 

15 semiconductors 2901 and 2903 that contain the same metal elements, formation of 

interface states between these films is inhibited, and thus the reliability of the electrical 

characteristics of the transistor is improved. 

[0253] 

Note that, without limitation to those described above, a material with an 

20 appropriate composition may be used depending on required semiconductor 

characteristics and electrical characteristics (e.g., field-effect mobility and threshold 

voltage) of a transistor. Furthermore, in order to obtain required semiconductor 

characteristics of the transistor, it is preferable that the carrier density, the impurity 

concentration, the defect density, the atomic ratio of a metal element to oxygen, the 

25 interatomic distance, the density, and the like of the semiconductors 2902, 2901, and 

2903 be set to appropriate values. 

[0254] 

Here, in some cases, there is a mixed region of the semiconductors 2901 and 

2902 between the semiconductors 2901 and 2902. Further, in some cases, there is a 

30 mixed region of the semiconductors 2902 and 2903 between the semiconductors 2902 

and 2903. The mixed region has a low density of interface states. For that reason, 

the stack of the semiconductor 2901, the semiconductor 2902, and the semiconductor 
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2903 has a band structure where energy at each interface and in the vicinity of the 

interface is changed continuously (continuous junction). 

[0255] 

Here, a band structure is described. For easy understanding, the band 

5 structure is illustrated with the energy (Ec) at the bottom of the conduction band of each 

of the insulator 2904, the semiconductor 2901, the semiconductor 2902, the 

semiconductor 2903, and the insulator 2905 functioning as a gate insulating film. 

[0256] 

As illustrated in FIGS. 29A and 29B, the energy of the bottom of the 

10 conduction band changes continuously in the semiconductor 2901, the semiconductor 

2902, and the semiconductor 2903. This can be understood also from the fact that the 

constituent elements are common among the semiconductors 2901, 2902, and 2903 and 

oxygen is easily diffused among the semiconductors 2901, 2902, and 2903. Thus, the 

semiconductors 2901, 2902, and 2903 have a continuous physical property although 

15 they are a stack of films having different compositions. 

[0257] 

The oxide semiconductors that are stacked and contain the same main 

components have not only a simple stacked-layer structure of the layers but also a 

continuous energy band (here, particularly a U-shaped well structure where the energy 

20 att the bottom of the conduction band is continuously changed between the layers). In 

other words, the stacked-layer structure is formed such that there exists no impurity that 

forms a defect level such as a trap center or a recombination center at each interface. 

If impurities exist between the stacked layers in the multilayer film, the continuity of the 

energy band is lost and carriers disappear by a trap or recombination. 

25 [0258] 

Note that FIG. 29A illustrates the case where the Ec of the semiconductor layer 

2901 and the Ec of the semiconductor layer 2903 are equal to each other; however, they 

may be different from each other. For example, part of the band structure in the case 

where the Ec of the semiconductor 2903 is higher than the Ec of the semiconductor 

30 2901 is illustrated in FIG. 29B. 

[0259] 

According to FIGS. 29A and 29B, the semiconductor 2902 serves as a well, 
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and a channel is formed in the semiconductor 2902. Note that since the energies at the 

bottoms of the conduction bands are changed continuously, the semiconductors 2901, 

2902, and 2903 can also be referred to as a U-shaped well. Further, a channel formed 

to have such a structure can also be referred to as a buried channel. 

5 [0260] 

Note that trap states resulting from impurities or defects might be formed in the 

vicinity of the interfaces between the insulating film such as a silicon oxide film and 

each of the semiconductor 2901 and the semiconductor 2903. Owing to the 

semiconductors 2901 and 2903, the semiconductor 2902 can be separated from the trap 

10 states. However, when the energy difference in Ec between the semiconductor 2902 

and the semiconductor 2901 or the semiconductor 2903 is small, an electron in the 

semiconductor 2902 might reach the trap state by passing over the energy difference. 

When the electrons are captured by the trap level, negative fixed charge is generated at 

the interface with the insulating layer, whereby the threshold voltage of the transistor 

15 shifts in the positive direction. 

[0261] 

Thus, to reduce a change in the threshold voltage of the transistor, an energy 

difference between the Ec of the semiconductor 2902 and the Ec of each of the 

semiconductors 2901 and 2903 is necessary. Each of the energy differences is 

20 preferably greater than or equal to 0.1 eV, further preferably greater than or equal to 

0.15 eV. 

[0262] 

The semiconductors 2901, 2902, and 2903 preferably include crystal parts. In 

particular, when a crystal in which c-axes are aligned is used, the transistor can have 

25 stable electrical characteristics. 

[0263] 

In the band structure illustrated in FIG. 29B, instead of the semiconductor 2903, 

an In-Ga oxide (e.g., with an atomic ratio of In:Ga = 7:93) may be provided between the 

semiconductor 2902 and the insulator 2905 functioning as a gate insulating film. 

30 [0264] 

As the semiconductor 2902, an oxide having an electron affinity higher than 

those of the semiconductors 2901 and 2903 is used. For example, as the 
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semiconductor 2902, an oxide having an electron affinity higher than those of the 

semiconductors 2901 and 2903 by 0.07 eV or higher and 1.3 eV or lower, preferably 0.1 

eV or higher and 0.7 eV or lower, or further preferably 0.15 eV or higher and 0.4 eV or 

lower is used. Note that the electron affinity refers to an energy gap between the 

5 vacuum level and the bottom of the conduction band. 

[0265] 

Here, it is preferable that the thickness of the semiconductor 2902 be at least 

larger than that of the semiconductor 2901. The thicker the semiconductor layer 2902 

is, the larger the on-state current of the transistor is. The thickness of the 

10 semiconductor 2901 may be set as appropriate as long as formation of an interface state 

at the interface with the semiconductor 2902 is inhibited. For example, the thickness 

of the oxide semiconductor 2902 is larger than that of the semiconductor 2901, 

preferably 2 or more times, further preferably 4 or more times, still further preferably 6 

or more times as large as that of the semiconductor 2901. Note that the above does not 

15 apply in the case where the on-state current of the transistor need not be increased, and 

the thickness of the semiconductor 2901 may be equal to or greater than that of the 

semiconductor 2902. 

[0266] 

The thickness of the semiconductor 2903 may be set as appropriate, in a 

20 manner similar to that of the semiconductor 2901, as long as formation of an interface 

state at the interface with the semiconductor 2902 is inhibited. For example, the 

thickness of the semiconductor 2903 may be set smaller than or equal to that of the 

semiconductor 2901. If the semiconductor 2903 is thick, it may become difficult for 

the electric field from the conductor 2906 functioning as a gate electrode to reach the 

25 semiconductor 2902. Therefore, it is preferable that the semiconductor 2903 be thin; 

for example, thinner than the semiconductor 2902. Note that the thickness of the 

semiconductor 2905 is not limited to the above, and may be set as appropriate 

depending on a driving voltage of the transistor in consideration of the withstand 

voltage of the insulator 2905 functioning as a gate insulating film. 

30 [0267] 

Here, in the case where the semiconductor 2902 is in contact with an insulator 

including a different constituent element (e.g., an insulator including a silicon oxide 
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film), an interface state might be formed at the interface of the two layers and the 

interface state forms a channel. At this time, another transistor having a different 

threshold voltage appears, so that an apparent threshold voltage of the transistor is 

varied. However, in the transistor of this structure, the semiconductor 2901 contains 

5 one or more kinds of metal elements that constitute the semiconductor 2902. 

Therefore, an interface state is not easily formed at the interface between the 

semiconductors 2901 and 2902. Thus, providing the semiconductor 2901 makes it 

possible to reduce variations or changes in electrical characteristics of the transistor, 

such as threshold voltage. 

10 [0268] 

When a channel is formed at the interface between the insulator 2905 

functioning as a gate insulating film and the semiconductor 2902, interface scattering 

occurs at the interface and the field-effect mobility of the transistor is reduced in some 

cases. In the transistor of this structure, however, the semiconductor 2903 contains 

15 one or more kinds of metal elements that constitute the semiconductor 2902. 

Therefore, scattering of carriers is less likely to occur at the interface between the 

semiconductor 2902 and the semiconductor 2903, and thus the field-effect mobility of 

the transistor can be increased. 

[0269] 

20 At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0270] 

(Embodiment 10) 

FIG. 30A shows an example of a circuit diagram of a semiconductor device of 

25 one embodiment of the present invention. The semiconductor device shown in FIG. 

30A includes a transistor 3002, a transistor 3001, a capacitor 3003, a wiring BL, a 

wiring WL, a wiring CL, and a wiring BG. 

[0271] 

One of a source or a drain of the transistor 3002 is electrically connected to the 

30 wiring BL, the other is electrically connected to the wiring SL, and a gate of the 

transistor 3002 is electrically connected to one of a source and a drain of the transistor 

3001 and one electrode of the capacitor 3003. The other of the source and the drain of 



WO 2015/140656 
58 

PCT/IB2015/051533 

the transistor 3001 is electrically connected to the wiring BL, and a gate of the transistor 

3001 is electrically connected to the wiring WL. The other electrode of the capacitor 

3003 is electrically connected to the wiring CL. Note that a node between the gate of 

the transistor 3002, the one of the source and the drain of the transistor 3001, and the 

5 one electrode of the capacitor 3003 is referred to as a node FN. 

[0272] 

The semiconductor device shown in FIG. 30A supplies a potential 

corresponding to the potential of the wiring BL to the node FN when the transistor 3001 

is in a conductive state (i.e., is on). Meanwhile, in the semiconductor device, the 

10 potential of the node FN is retained when the transistor 3001 is in an off state (i.e., is 

off). In other words, the semiconductor device illustrated in FIG. 30A functions as a 

memory cell of a memory device. In the case where a display element such as a liquid 

crystal element or an organic electroluminescence (EL) element is electrically 

connected to the node FN, the semiconductor device in FIG. 30A can function as a pixel 

15 of a display device. 

[0273] 

The on/off state of the transistor 3001 can be selected in accordance with the 

potential supplied to the wiring WL or the wiring BG. The threshold voltage of the 

transistor 3001 can be controlled by a potential supplied to the wiring WL or the wiring 

20 BG. A transistor with small off-state current is used as the transistor 3001, whereby 

the potential of the node FN at the time when the transistor 3001 is in a non-conduction 

state can be held for a long time. Thus, the refresh rate of the semiconductor device 

can be reduced, resulting in low power consumption of the semiconductor device. An 

example of the transistor with small off-state current is a transistor including an oxide 

25 semiconductor. 

[0274] 

Note that a reference potential, a ground potential, or a fixed potential such as 

an arbitrary fixed potential is supplied to the wiring CL. At this time, the apparent 

threshold voltage of the transistor 3001 varies depending on the potential of the node 

30 FN. Conduction and non-conduction states of the transistor 3002 change in response 

to the change in the apparent threshold voltage; thus, data of a potential retained in the 

node FN can be read as data. 
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[0275] 

To hold a potential retained in the node FN at 85 °C for 10 years (3.15 x 108 

seconds), off-state current is preferably lower than 4.3 yA (yoctoamperes, where 1 yA is 

10"24 A) per femtofarad of capacitance and per micrometer of channel width of the 

5 transistor. In that case, the allowable potential variation in the node FN is preferably 

within 0.5 V. Alternatively, the off-state current is preferably lower than 1.5 yA at 

95 °C. In the semiconductor device of one embodiment of the present invention, the 

concentration of hydrogen contained in the layers under the barrier layer is sufficiently 

reduced; thus, the transistor including an oxide semiconductor over the barrier layer can 

10 have such extremely small off-state current. 

[0276] 

The subthreshold swing value (S value) of the transistor including an oxide 

semiconductor is 66 mV/dec. or more, preferably 60 mV/dec. or more, further 

preferably 50 mV/dec. or more, and 200 mV/dec. or less, preferably 150 mV/dec. or 

15 less, further preferably 100 mV/dec. or less, still further preferably 80 mV/dec. As the 

S value is decreased, the off-state current at a particular voltage at which the transistor is 

turned off can be decreased. 

[0277] 

When the semiconductor device illustrated in FIG. 30A is arranged in a matrix, 

20 a memory device (memory cell array) can be formed. 

[0278] 

FIG. 30B illustrates an example of a cross-sectional structure of a 

semiconductor device in which the circuit illustrated in FIG. 30A can be obtained. 

[0279] 

25 The semiconductor device includes the transistor 3002, the transistor 3001, and 

the capacitor 3003. The transistor 3001 is provided over the transistor 3002, and an 

insulator 3004 is provided between the transistor 3002 and the transistor 3001. 

[0280] 

The transistor 3002 is provided on a semiconductor substrate 3005 and includes 

30 a gate insulating film 3006, a gate electrode 3007, and low-resistance regions 3008a and 

3008b serving as source and drain regions. 

[0281] 
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The transistor 3002 may be either a p-channel transistor or an n-channel 

transistor, and an appropriate transistor may be used depending on the circuit 

configuration or the driving method. 

[0282] 

5 It is preferable that a region where a channel is formed, a region in the vicinity 

thereof, the low-resistance regions 3008a and 3008b serving as source and drain regions, 

and the like contain a semiconductor such as a silicon-based semiconductor, more 

preferably single crystal silicon. Alternatively, a material including germanium (Ge), 

silicon germanium (SiGe), gallium arsenide (GaAs), gallium aluminum arsenide 

10 (GaAlAs), or the like may be contained. Alternatively, silicon having crystal lattice 

distortion may be contained. Alternatively, the transistor 3002 may be a 

high-electron-mobility transistor (HEMT) with GaAs and AlGaAs or the like. 

[0283] 

The low-resistance regions 3008a and 3008b contain an element which imparts 

15 n-type conductivity, such as phosphorus, or an element which imparts p-type 

conductivity, such as boron. 

[0284] 

The gate electrode 3007 can be formed using a semiconductor material such as 

silicon containing the element that imparts n-type conductivity, such as phosphorus, or 

20 the element that imparts p-type conductivity, such as boron, or a conductive material 

such as a metal material, an alloy material, or a metal oxide material. It is particularly 

preferable to use a high-melting-point material that has both heat resistance and 

conductivity, such as tungsten or molybdenum, and it is particularly preferable to use 

tungsten. 

25 [0285] 

An insulator 3009, an insulator 3010, an insulator 3011, and an insulator 3012 

are stacked in this order to cover the transistor 3002. 

[0286] 

In a manufacturing process of the semiconductor device, the insulator 3009 

30 functions as a protective film to activate an element imparting conductivity that is added 

to the low-resistance regions 3008a and 3008b. The insulator 3009 is not necessarily 

provided if not needed. 
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[0287] 

In the case where a silicon-based semiconductor material is used for the 

semiconductor, the insulator 3010 preferably contains hydrogen. When the insulator 

3010 containing hydrogen is provided over the transistor 3002 and heat treatment is 

5 performed, dangling bonds in the semiconductor are terminated by hydrogen contained 

in the insulator 3010, whereby the reliability of the transistor 3002 can be improved. 

[0288] 

A silicon nitride film or the like is preferably used as the insulator 3011. The 

insulator 3011 also functions as a barrier film for preventing hydrogen that is released 

10 from the insulator 3010 from diffusing upward. 

[0289] 

The insulator 3012 functions as a planarization layer which covers steps due to 

the transistor 3002 or the like provided therebelow. A top surface of the insulator 3012 

may be planarized by a chemical mechanical polishing (CMP) method or the like to 

15 increase the planarity of the top surface. 

[0290] 

The insulator 3004 is provided over the insulator 3012. A silicon nitride film 

or the like is preferably used as the insulator 3004. The insulator 3004 also functions 

as a barrier film for preventing hydrogen that is released from the insulator 3010 from 

20 diffusing upward. 

[0291] 

In the insulators 3009, 3010, 3011, 3012, and 3004, plugs 3013 and 3015 

electrically connected to the low-resistance regions 3008a and 3008b, and the like, a 

plug 3014 electrically connected to the gate electrode 3007 of the transistor 3002, and 

25 the like may be embedded. 

[0292] 

The transistor 3001 and the capacitor 3003 are provided over the insulator 3004. 

The transistor and the capacitor described in any of Embodiments 1 to 6 are preferably 

used. 

30 [0293] 

The semiconductor device of one embodiment of the present invention includes 

the transistor 3002, the transistor 3001 over the transistor 3002, and the capacitor 3003. 
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Since these are stacked, the area occupied by the elements can be reduced. 

Furthermore, the insulator 3004 provided between the transistor 3002 and the transistor 

3001 can inhibit diffusion of impurities such as water and hydrogen from an underlying 

layer to the transistor 3001 side. 

5 [0294] 

Thus, part of or the whole of this embodiment can be freely combined with or 

replaced with part of or the whole of another embodiment. 

[0295] 

(Embodiment 11) 

10 In this embodiment, description is given of a CPU in which at least the 

transistor described in any of the above embodiments can be used and the memory 

device described in Embodiment 10 is included. 

[0296] 

FIG. 31 is a block diagram illustrating a configuration example of a CPU at 

15 least partly including any of the transistors described in the above embodiments as a 

component. 

[0297] 

The CPU illustrated in FIG. 31 includes, over a substrate 3190, an arithmetic 

logic unit (ALU) 3191, an ALU controller 3192, an instruction decoder 3193, an 

20 interrupt controller 3194, a timing controller 3195, a register 3196, a register controller 

3197, a bus interface 3198 (Bus I/F), a rewritable ROM 3199, and an ROM interface 

3189 (ROM I/F). A semiconductor substrate, an SOI substrate, a glass substrate, or the 

like is used as the substrate 3190. The ROM 3199 and the ROM interface 3189 may 

each be provided over a separate chip. Needless to say, the CPU in FIG. 31 is just an 

25 example of a simplified structure, and an actual CPU may have a variety of structures 

depending on the application. For example, the CPU may have the following 

configuration: a structure including the CPU illustrated in FIG. 31 or an arithmetic 

circuit is considered as one core; a plurality of the cores is included; and the cores 

operate in parallel. The number of bits that the CPU can process in an internal 

30 arithmetic circuit or in a data bus can be 8, 16, 32, or 64, for example. 

[0298] 

An instruction that is input to the CPU through the bus interface 3198 is input 
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to the instruction decoder 3193 and decoded therein, and then, input to the ALU 

controller 3192, the interrupt controller 3194, the register controller 3197, and the 

timing controller 3195. 

[0299] 

5 The ALU controller 3192, the interrupt controller 3194, the register controller 

3197, and the timing controller 3195 conduct various controls in accordance with the 

decoded instruction. Specifically, the ALU controller 3192 generates signals for 

controlling the operation of the ALU 3191. While the CPU is executing a program, the 

interrupt controller 3194 judges an interrupt request from an external input/output 

10 device or a peripheral circuit on the basis of its priority or a mask state, and processes 

the request. The register controller 3197 generates an address of the register 3196, and 

reads/writes data from/to the register 3196 in accordance with the state of the CPU. 

[0300] 

The timing controller 3195 generates signals for controlling operation timings 

15 of the ALU 3191, the ALU controller 3192, the instruction decoder 3193, the interrupt 

controller 3194, and the register controller 3197. For example, the timing controller 

3195 includes an internal clock generator for generating an internal clock signal CLK2 

based on a reference clock signal CLK1, and supplies the internal clock signal CLK2 to 

the above circuits. 

20 [0301] 

In the CPU illustrated in FIG. 31, a memory cell is provided in the register 

3196. As the memory cell of the register 3196, any of the transistors described in the 

above embodiments can be used. 

[0302] 

25 In the CPU illustrated in FIG. 31, the register controller 3197 selects an 

operation of holding data in the register 3196 in accordance with an instruction from the 

ALU 3191. That is, the register controller 3197 selects whether data is held by a 

flip-flop or by a capacitor in the memory cell included in the register 3196. When data 

retaining by the flip-flop is selected, a power supply voltage is supplied to the memory 

30 cell in the register 3196. When data holding by the capacitor is selected, the data in 

the capacitor is rewritten, and supply of the power supply voltage to the memory cell in 

the register 3196 can be stopped. 
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[0303] 

FIG. 32 is an example of a circuit diagram of a memory element that can be 

used as the register 3196. A memory element 3200 includes a circuit 3201 in which 

stored data is volatile when power supply is stopped, a circuit 3202 in which stored data 

5 is nonvolatile even when power supply is stopped, a switch 3203, a switch 3204, a logic 

element 3206, a capacitor 3207, and a circuit 3220 having a selecting function. The 

circuit 3202 includes a capacitor 3208 and transistors 3209 and 3210. Note that the 

memory element 3200 may further include another element such as a diode, a resistor, 

or an inductor, as needed. 

10 [0304] 

Here, the memory device described in the above embodiment can be used as 

the circuit 3202. When supply of the power supply voltage to the memory element 

3200 is stopped, a ground potential (0 V) or a potential at which the transistor 3209 is 

turned off continues to be input to a gate of the transistor 3209 in the circuit 3202. For 

15 example, the gate of the transistor 3209 is grounded through a load such as a resistor. 

[0305] 

Shown here is an example in which the switch 3203 is a transistor 3213 having 

one conductivity type (e.g., an n-channel transistor) and the switch 3204 is a transistor 

1214 having a conductivity type opposite to the one conductivity type (e.g., a p-channel 

20 transistor). A first terminal of the switch 3203 corresponds to one of a source and a 

drain of the transistor 3213, a second terminal of the switch 3203 corresponds to the 

other of the source and the drain of the transistor 3213, and conduction or 

non-conduction between the first terminal and the second terminal of the switch 3203 

(i.e., the on/off state of the transistor 3213) is selected by a control signal RD input to a 

25 gate of the transistor 3213. Here, a first terminal of the switch 3204 corresponds to 

one of a source and a drain of the transistor 3214, a second terminal of the switch 3204 

corresponds to the other of the source and the drain of the transistor 3214, and 

conduction or non-conduction between the first terminal and the second terminal of the 

switch 3204 (i.e., the on/off state of the transistor 3214) is selected by a control signal 

30 RD input to a gate of the transistor 3214. 

[0306] 

One of a source and a drain of the transistor 3209 is electrically connected to 
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one of a pair of electrodes of the capacitor 3208 and a gate of the transistor 3210. Here, 

the connection portion is referred to as a node M2. One of a source and a drain of the 

transistor 3210 is electrically connected to a line which can supply a low power supply 

potential (e.g., a GND line), and the other thereof is electrically connected to the first 

5 terminal of the switch 3203 (the one of the source and the drain of the transistor 3213). 

The second terminal of the switch 3203 (the other of the source and the drain of the 

transistor 3213) is electrically connected to the first terminal of the switch 3204 (the one 

of the source and the drain of the transistor 3214). The second terminal of the switch 

3204 (the other of the source and the drain of the transistor 3214) is electrically 

10 connected to a wiring that can supply a power supply potential VDD. The second 

terminal of the switch 3203 (the other of the source and the drain of the transistor 3213), 

the first terminal of the switch 3204 (the one of the source and the drain of the transistor 

3214), an input terminal of the logic element 3206, and one of a pair of electrodes of the 

capacitor 3207 are electrically connected to each other. Here, the connection portion is 

15 referred to as a node Ml. The other of the pair of electrodes of the capacitor 3207 can 

be supplied with a constant potential. For example, the other of the pair of electrodes 

of the capacitor 3207 can be supplied with a low power supply potential (e.g., GND) or 

a high power supply potential (e.g., VDD). The other of the pair of electrodes of the 

capacitor 3207 is electrically connected to the line which can supply a low power supply 

20 potential (e.g., a GND line). The other of the pair of electrodes of the capacitor 3208 

can be supplied with a constant potential. For example, the other of the pair of 

electrodes of the capacitor 3207 can be supplied with a low power supply potential (e.g., 

GND) or a high power supply potential (e.g., VDD). The other of the pair of 

electrodes of the capacitor 3208 is electrically connected to the line which can supply a 

25 low power supply potential (e.g., a GND line). 

[0307] 

The capacitor 3207 and the capacitor 3208 are not necessarily provided as long 

as the parasitic capacitance of the transistor, the wiring, or the like is actively utilized. 

[0308] 

30 A control signal WE is input to the first gate (first gate electrode) of the 

transistor 3209. As for each of the switch 3203 and the switch 3204, a conduction 

state or a non-conduction state between the first terminal and the second terminal is 
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selected by the control signal RD which is different from the control signal WE. When 

the first terminal and the second terminal of one of the switches are in the conduction 

state, the first terminal and the second terminal of the other of the switches are in the 

non-conduction state. 

5 [0309] 

A signal corresponding to data held in the circuit 3201 is input to the other of 

the source and the drain of the transistor 3209. FIG. 32 illustrates an example in which 

a signal output from the circuit 3201 is input to the other of the source and the drain of 

the transistor 3209. The logic value of a signal output from the second terminal of the 

10 switch 3203 (the other of the source and the drain of the transistor 3213) is inverted by 

the logic element 3206, and the inverted signal is input to the circuit 3201 through the 

circuit 3220. 

[0310] 

In the example of FIG. 32, a signal output from the second terminal of the 

15 switch 3203 (the other of the source and the drain of the transistor 3213) is input to the 

circuit 3201 through the logic element 3206 and the circuit 3220; however, one 

embodiment of the present invention is not limited thereto. The signal output from the 

second terminal of the switch 3203 (the other of the source and the drain of the 

transistor 3213) may be input to the circuit 3201 without its logic value being inverted. 

20 For example, in the case where the circuit 3201 includes a node in which a signal 

obtained by inversion of the logic value of a signal input from the input terminal is 

retained, the signal output from the second terminal of the switch 3203 (the other of the 

source and the drain of the transistor 3213) can be input to the node. 

[0311] 

25 Further, in FIG. 32, the transistors included in the memory element 3200 except 

for the transistor 3209 can each be a transistor in which a channel is formed in a layer 

formed using a semiconductor other than an oxide semiconductor or in the substrate 

3190. For example, the transistor can be a transistor in which a channel is formed in a 

silicon layer or a silicon substrate. Alternatively, all the transistors in the memory 

30 element 3200 may be a transistor in which a channel is formed in an oxide 

semiconductor layer. Still alternatively, in the memory element 3200, a transistor in 

which a channel is formed in an oxide semiconductor layer can be included besides the 
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transistor 3209, and a transistor in which a channel is formed in a layer or the substrate 

3190 including a semiconductor other than an oxide semiconductor can be used for the 

rest of the transistors. 

[0312] 

5 As the circuit 3201 in FIG. 32, for example, a flip-flop circuit can be used. 

As the logic element 3206, for example, an inverter, a clocked inverter, or the like can 

be used. 

[0313] 

In a period during which the memory element 3200 is not supplied with the 

10 power supply voltage, the semiconductor device of one embodiment of the present 

invention can retain data stored in the circuit 3201 by the capacitor 3208 which is 

provided in the circuit 3202. 

[0314] 

The off-state current of a transistor in which a channel is formed in an oxide 

15 semiconductor layer is extremely low. For example, the off-state current of a transistor 

whose channel is formed in an oxide semiconductor layer is much lower than that of a 

transistor whose channel is formed in crystalline silicon. Thus, with the use of the 

transistor as the transistor 3209, the signal can be held in the capacitor 3208 for a long 

time even in a period during which power supply voltage is not supplied to the memory 

20 element 3200. The memory element 3200 can thus retain the stored content (data) also 

in a period during which the supply of the power supply voltage is stopped. 

[0315] 

With the switches 3203 and 3204, the memory element performs pre-charge 

operation; thus, the time required for the circuit 3201 to hold original data again after 

25 the supply of the power supply voltage is restarted can be shortened. 

[0316] 

In the circuit 3202, a signal retained by the capacitor 3208 is input to the gate 

of the transistor 3210. Therefore, after supply of the power supply voltage to the 

memory element 3200 is restarted, the signal held by the capacitor 3208 can be 

30 converted into the one corresponding to the state (the on state or the off state) of the 

transistor 3210 to be read from the circuit 3202. Consequently, the original signal can 

be accurately read even when a potential corresponding to the signal held in the 
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capacitor 3208 fluctuates to some degree. 

[0317] 

By applying the above-described memory element 3200 to a memory device 

such as a register or a cache memory included in a processor, data in the memory device 

5 can be prevented from being lost owing to the stop of the supply of the power supply 

voltage. Further, shortly after the supply of the power supply voltage is restarted, the 

memory element can be returned to the same state as that before the power supply is 

stopped. Therefore, the power supply can be stopped even for a short time in the 

processor or one or a plurality of logic circuits included in the processor. Accordingly, 

10 power consumption can be suppressed. 

[0318] 

Although an example of using the memory element 3200 in the CPU is 

described in this embodiment, the memory element 3200 can also be used in a digital 

signal processor (DSP), a custom LSI, an LSI such as a programmable logic device 

15 (PLD), and a radio frequency identification (RF-ID). 

[0319] 

At least part of this embodiment can be implemented in combination with any 

of the embodiments described in this specification as appropriate. 

[0320] 

20 (Embodiment 12) 

In this embodiment, a structural example of a display panel of one embodiment 

of the present invention is described. 

[0321] 

FIG. 33A is a top view of the display panel of one embodiment of the present 

25 invention. FIG. 33B is a circuit diagram illustrating a pixel circuit that can be used in 

the case where a liquid crystal element is used in a pixel in the display panel of one 

embodiment of the present invention. FIG. 33C is a circuit diagram illustrating a pixel 

circuit that can be used in the case where an organic EL element is used in a pixel in the 

display panel of one embodiment of the present invention. 

30 [0322] 

The transistor in the pixel portion can be formed in accordance with the above 

embodiment. Further, the transistor can easily be an n-channel transistor, and thus, 
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part of a driver circuit that can be formed using an n-channel transistor in the driver 

circuit is formed over the same substrate as the transistor of the pixel portion. With the 

use of the transistor described in the above embodiment for the pixel portion or the 

driver circuit in this manner, a highly reliable display device can be provided. 

5 [0323] 

FIG. 33A shows an example of the block diagram of an active matrix display 

device. A pixel portion 3301, a first scan line driver circuit 3302, a second scan line 

driver circuit 3303, and a signal line driver circuit 3304 are provided over a substrate 

3300 in the display device. In the pixel portion 3301, a plurality of signal lines 

10 extended from the signal line driver circuit 3304 is arranged and a plurality of scan lines 

extended from the first scan line driver circuit 3302 and the second scan line driver 

circuit 3303 is arranged. Note that pixels each including a display element are 

provided in matrix in respective regions in each of which the scan line and the signal 

line intersect with each other. Further, the substrate 3300 in the display device is 

15 connected to a timing control circuit (also referred to as a controller or a controller IC) 

through a connection portion such as a flexible printed circuit (FPC). 

[0324] 

In FIG. 3 3 A, the first scan line driver circuit 3302, the second scan line driver 

circuit 3303, and the signal line driver circuit 3304 are formed over the same substrate 

20 3300 as the pixel portion 3301. Accordingly, the number of components of a driver 

circuit which is provided outside and the like are reduced, so that a reduction in cost can 

be achieved. Further, if the driver circuit is provided outside the substrate 3300, wiring 

would need to be extended and the number of wiring connections would be increased, 

but if the driver circuit is provided over the substrate 3300, the number of wiring 

25 connections can be reduced. However, by providing the driver circuit over the 

substrate 3300, the number of connections of the wirings can be reduced. Accordingly, 

the reliability or yield can be improved. 

[0325] 

(Liquid Crystal Panel) 

30 FIG. 33B shows an example of a circuit configuration of the pixel. Here, a 

pixel circuit which is applicable to a pixel of a VA liquid crystal display panel is 

illustrated. 
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[0326] 

This pixel circuit can be applied to a structure in which one pixel includes a 

plurality of pixel electrode layers. The pixel electrode layers are connected to different 

transistors, and the transistors can be driven with different gate signals. Accordingly, 

5 signals applied to individual pixel electrode layers in a multi-domain pixel can be 

controlled independently. 

[0327] 

A gate wiring 3312 of a transistor 3316 and a gate wiring 3313 of a transistor 

3317 are separated so that different gate signals can be given thereto. In contrast, a 

10 source or drain electrode layer 3314 functioning as a data line is used in common for the 

transistor 3316 and the transistor 3317. The transistor described in the above 

embodiments can be used as appropriate as each of the transistors 3316 and 3317. In 

the above manner, a highly reliable liquid crystal display panel can be provided. 

[0328] 

15 A first pixel electrode is electrically connected to the transistor 5016 and a 

second pixel electrode is electrically connected to the transistor 5017. The first pixel 

electrode and the second pixel electrode are separated. A shape of the first pixel 

electrode and the second pixel electrode is not especially limited, for example, may be a 

V-like shape. 

20 [0329] 

A gate electrode of the transistor 3316 is connected to the gate wiring 3312, 

and a gate electrode of the transistor 3317 is connected to the gate wiring 3313. When 

different gate signals are supplied to the gate wiring 3312 and the gate wiring 3313, 

operation timings of the transistor 3316 and the transistor 3317 can be varied. As a 

25 result, alignment of liquid crystals can be controlled. 

[0330] 

Further, a storage capacitor may be formed using a capacitor wiring 3310, a 

gate insulating film functioning as a dielectric, and a capacitor electrode electrically 

connected to the first pixel electrode layer or the second pixel electrode layer. 

30 [0331] 

The multi-domain pixel includes a first liquid crystal element 3318 and a 

second liquid crystal element 3319. The first liquid crystal element 3318 includes the 
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first pixel electrode layer, a counter electrode layer, and a liquid crystal layer 

therebetween. The second liquid crystal element 3319 includes the second pixel 

electrode layer, a counter electrode layer, and a liquid crystal layer therebetween. 

[0332] 

5 Note that a pixel circuit of the present invention is not limited to that shown in 

FIG. 33B. For example, a switch, a resistor, a capacitor, a transistor, a sensor a logic 

circuit, or the like may be added to the pixel illustrated in FIG. 33B. 

[0333] 

(Organic EL Panel) 

10 FIG. 33C shows another example of a circuit configuration of the pixel. Here, 

a pixel structure of a display panel using an organic EL element is illustrated. 

[0334] 

In an organic EL element, by application of voltage to a light-emitting element, 

electrons are injected from one of a pair of electrodes and holes are injected from the 

15 other of the pair of electrodes, into a layer containing a light-emitting organic 

compound; thus, current flows. The electrons and holes are recombined, and thus, the 

light-emitting organic compound is excited. The light-emitting organic compound 

returns to a ground state from the excited state, thereby emitting light. Based on such 

a mechanism, such a light-emitting element is referred to as a current-excitation type 

20 light-emitting element. 

[0335] 

In this example, one pixel includes two n-channel transistors. Note that the 

metal oxide film of one embodiment of the present invention can be used for channel 

formation regions of the n-channel transistors. Further, digital time grayscale driving 

25 can be employed for the pixel circuit. 

[0336] 

The configuration of the applicable pixel circuit and operation of a pixel 

employing digital time grayscale driving will be described. 

[0337] 

30 A pixel 3320 includes a switching transistor 3321, a driver transistor 3322, a 

light-emitting element 3324, and a capacitor 3323. A gate electrode layer of the 

switching transistor 3321 is connected to a scan line 3326, a first electrode (one of a 
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source electrode layer and a drain electrode layer) of the switching transistor 3321 is 

connected to a signal line 3325, and a second electrode (the other of the source electrode 

layer and the drain electrode layer) of the switching transistor 3321 is connected to a 

gate electrode layer of the driving transistor 3322. The gate electrode layer of the 

5 driver transistor 3322 is connected to a power supply line 3327 through the capacitor 

3323, a first electrode of the driver transistor 3322 is connected to the power supply line 

3327, and a second electrode of the driver transistor 3322 is connected to a first 

electrode (a pixel electrode) of the light-emitting element 3324. A second electrode of 

the light-emitting element 3324 corresponds to a common electrode 3328. The 

10 common electrode 3328 is electrically connected to a common potential line formed 

over the same substrate as the common electrode 3328. 

[0338] 

As the switching transistor 3321 and the driving transistor 3322, any of the 

transistors described in the above embodiments can be used as appropriate. In this 

15 manner, a highly reliable organic EL display panel can be provided. 

[0339] 

The potential of the second electrode (the common electrode 3328) of the 

light-emitting element 3324 is set to be a low power supply potential. Note that the 

low power supply potential is lower than a high power supply potential supplied to the 

20 power supply line 3327. For example, the low power supply potential can be GND, 0V, 

or the like. The high power supply potential and the low power supply potential are 

set to be higher than or equal to the forward threshold voltage of the light-emitting 

element 3324, and the difference between the potentials is applied to the light-emitting 

element 3324, whereby current is supplied to the light-emitting element 3324, leading to 

25 light emission. The forward voltage of the light-emitting element 3324 indicates a 

voltage at which a desired luminance is obtained, and includes at least a forward 

threshold voltage. 

[0340] 

Note that gate capacitance of the driver transistor 3322 may be used as a 

30 substitute for the capacitor 3323, so that the capacitor 3323 can be omitted. The gate 

capacitance of the driver transistor 3322 may be formed between the channel formation 

region and the gate electrode layer. 
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[0341] 

Next, a signal input to the driving transistor 3322 is described. In the case of 

a voltage-input voltage driving method, a video signal for sufficiently turning on or off 

the driver transistor 3322 is input to the driver transistor 3322. In order for the driver 

5 transistor 3322 to operate in a linear region, voltage higher than the voltage of the power 

supply line 3327 is applied to the gate electrode layer of the driver transistor 3322. 

Note that voltage higher than or equal to voltage which is the sum of power supply line 

voltage and the threshold voltage Vth of the driver transistor 3322 is applied to the signal 

line 3325. 

10 [0342] 

In the case of performing analog grayscale driving, a voltage greater than or 

equal to a voltage that is the sum of the forward voltage of the light-emitting element 

3324 and the threshold voltage Vth of the driver transistor 3322 is applied to the gate 

electrode layer of the driver transistor 3322. A video signal by which the driver 

15 transistor 3322 is operated in a saturation region is input, so that current is supplied to 

the light-emitting element 3324. In order for the driver transistor 3322 to operate in a 

saturation region, the potential of the power supply line 3327 is set higher than the gate 

potential of the driver transistor 3322. Since the video signal is an analog signal, 

current in accordance with the video signal flows in the light-emitting element 3324, 

20 and the analog grayscale method can be performed. 

[0343] 

Note that the configuration of the pixel circuit of the present invention is not 

limited to that shown in FIG. 33C. For example, a switch, a resistor, a capacitor, a 

sensor, a transistor, a logic circuit, or the like may be added to the pixel circuit 

25 illustrated in FIG. 33C. 

[0344] 

In the case where the transistor shown in the above embodiments is used for 

the circuit shown in FIGS. 33A to 33C, the source electrode (the first electrode) is 

electrically connected to the low potential side and the drain electrode (the second 

30 electrode) is electrically connected to the high potential side. Furthermore, the 

potential of the first gate electrode may be controlled by a control circuit or the like and 

the potential described above as an example, e.g., a potential lower than the potential 
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applied to the source electrode, may be input to the second gate electrode through a 

wiring that is not illustrated. 

[0345] 

At least part of this embodiment can be implemented in combination with any 

5 of the embodiments described in this specification as appropriate. 

[0346] 

(Embodiment 13) 

The semiconductor device of one embodiment of the present invention can be 

used for display devices, personal computers, image reproducing devices provided with 

10 recording media (typically, devices which reproduce the content of recording media 

such as digital versatile discs (DVDs) and have displays for displaying the reproduced 

images), or the like. Other examples of electronic devices that can be equipped with 

the semiconductor device of one embodiment of the present invention are mobile 

phones, game machines including portable game consoles, portable data terminals, 

15 e-book readers, cameras such as video cameras and digital still cameras, goggle-type 

displays (head mounted displays), navigation systems, audio reproducing devices (e.g., 

car audio systems and digital audio players), copiers, facsimiles, printers, multifunction 

printers, automated teller machines (ATM), and vending machines. FIGS. 34A to 34F 

illustrate specific examples of these electronic devices. 

20 [0347] 

FIG. 34A illustrates a portable game console including a housing 9001, a 

housing 9002, a display portion 9003, a display portion 9004, a microphone 9005, a 

speaker 9006, an operation key 9007, a stylus 9008, and the like. Although the 

portable game console in FIG. 34A has the two display portions 9003 and 9004, the 

25 number of display portions included in a portable game machine is not limited to this. 

[0348] 

FIG. 34B illustrates a portable data terminal including a first housing 9011, a 

second housing 9012, a first display portion 9013, a second display portion 9014, a joint 

9015, an operation key 9016, and the like. The first display portion 9013 is provided 

30 in the first housing 9011, and the second display portion 9014 is provided in the second 

housing 9012. The first housing 9011 and the second housing 9012 are connected to 

each other with the joint 9015, and the angle between the first housing 9011 and the 
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second housing 9012 can be changed with the joint 9015. An image on the first 

display portion 9013 may be switched depending on the angle at the joint 9015 between 

the first housing 9011 and the second housing 9012. A display device with a position 

input function may be used as at least one of the first display portion 9013 and the 

5 second display portion 9014. Note that the position input function can be added by 

provision of a touch panel in a display device. Alternatively, the position input 

function can be added by provision of a photoelectric conversion element called a 

photosensor in a pixel portion of a display device. 

[0349] 

10 FIG. 34C illustrates a laptop personal computer, which includes a housing 9021, 

a display portion 9022, a keyboard 9023, a pointing device 9024, and the like. 

[0350] 

FIG. 34D illustrates an electric refrigerator-freezer including a housing 9031, a 

refrigerator door 9032, a freezer door 9033, and the like. 

15 [0351] 

FIG. 34E illustrates a video camera including a first housing 9041, a second 

housing 9042, a display portion 9043, operation keys 9044, a lens 9045, a joint 9046, 

and the like. The operation keys 9044 and the lens 9045 are provided for the first 

housing 9041, and the display portion 9043 is provided for the second housing 9042. 

20 The first housing 9041 and the second housing 9042 are connected to each other with 

the joint 9046, and the angle between the first housing 9041 and the second housing 

9042 can be changed with the joint 9046. Images displayed on the display portion 

9043 may be switched in accordance with the angle at the joint 9046 between the first 

housing 9041 and the second housing 9042. 

25 [0352] 

FIG. 34F illustrates an ordinary vehicle including a car body 9051, wheels 

9052, a dashboard 9053, lights 9054, and the like. 

[0353] 

At least part of this embodiment can be implemented in combination with any 

30 of the embodiments described in this specification as appropriate. 

[0354] 

Note that a content (or may be part of the content) described in one 
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embodiment may be applied to, combined with, or replaced by a different content (or 

may be part of the different content) described in the embodiment and/or a content (or 

may be part of the content) described in one or a plurality of different embodiments. 

[0355] 

5 Note that in each embodiment, a content described in the embodiment is a 

content described with reference to a variety of diagrams or a content described with a 

text described in this specification. 

[0356] 

Note that by combining a diagram (or may be part of the diagram) illustrated in 

10 one embodiment with another part of the diagram, a different diagram (or may be part 

of the different diagram) illustrated in the embodiment, and/or a diagram (or may be 

part of the diagram) illustrated in one or a plurality of different embodiments, much 

more diagrams can be formed. 

[0357] 

15 Note that contents that are not specified in any drawing or text in the 

specification can be excluded from one embodiment of the invention. Alternatively, 

when the range of a value that is defined by the maximum and minimum values is 

described, part of the range is appropriately narrowed or part of the range is removed, 

whereby one embodiment of the invention excluding part of the range can be 

20 constituted. In this manner, it is possible to specify the technical scope of one 

embodiment of the present invention so that a conventional technology is excluded, for 

example. 

[0358] 

As a specific example, a diagram of a circuit including a first transistor to a 

25 fifth transistor is illustrated. In that case, it can be specified that the circuit does not 

include a sixth transistor in the invention. It can be specified that the circuit does not 

include a capacitor in the invention. It can be specified that the circuit does not 

include a sixth transistor with a particular connection structure in the invention. It can 

be specified that the circuit does not include a capacitor with a particular connection 

30 structure in the invention. For example, it can be specified that a sixth transistor 

whose gate is connected to a gate of the third transistor is not included in the invention. 

For example, it can be specified that a capacitor whose first electrode is connected to the 
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gate of the third transistor is not included in the invention. 

[0359] 

As another specific example, the description of a value, "a voltage is preferably 

higher than or equal to 3 V and lower than or equal to 10 V" is given. In that case, for 

5 example, it can be specified that the case where the voltage is higher than or equal to -2 

V and lower than or equal to 1 V is excluded from one embodiment of the invention. 

For example, it can be specified that the case where the voltage is higher than or equal 

to 13 V is excluded from one embodiment of the invention. Note that, for example, it 

can be specified that the voltage is higher than or equal to 5 V and lower than or equal 

10 to 8 V in the invention. For example, it can be specified that the voltage is 

approximately 9 V in the invention. For example, it can be specified that the voltage is 

higher than or equal to 3 V and lower than or equal to 10 V but is not 9 V in the 

invention. Note that even when the description "a value is preferably in a certain range" 

or "a value preferably satisfies a certain condition" is given, the value is not limited to 

15 the description. In other words, a description of a value that includes a term 

"preferable", "preferably", or the like does not necessarily limit the value. 

[0360] 

As another specific example, the description "a voltage is preferably 10 V" is 

given. In that case, for example, it can be specified that the case where the voltage is 

20 higher than or equal to -2 V and lower than or equal to 1 V is excluded from one 

embodiment of the invention. For example, it can be specified that the case where the 

voltage is higher than or equal to 13 V is excluded from one embodiment of the 

invention. 

[0361] 

25 As another specific example, the description "a film is an insulating film" is 

given to describe a property of a material. In that case, for example, it can be specified 

that the case where the insulating film is an organic insulating film is excluded from one 

embodiment of the invention. For example, it can be specified that the case where the 

insulating film is an inorganic insulating film is excluded from one embodiment of the 

30 invention. For example, it can be specified that the case where the insulating film is a 

conductive film is excluded from one embodiment of the invention. For example, it 
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can be specified that the case where the insulating film is a semiconductor film is 

excluded from one embodiment of the invention. 

[0362] 

As another specific example, the description of a stacked-layer structure, "a 

5 film is provided between an A film and a B film" is given. In that case, for example, it 

can be specified that the case where the film is a layered film of four or more layers is 

excluded from the invention. For example, it can be specified that the case where a 

conductive film is provided between the A film and the film is excluded from the 

invention. 

10 [0363] 

Note that various people can implement one embodiment of the invention 

described in this specification and the like. However, different people may be 

involved in the implementation of the embodiment of the invention. For example, in 

the case of a transmission/reception system, the following case is possible: Company A 

15 manufactures and sells transmitting devices, and Company B manufactures and sells 

receiving devices. As another example, in the case of a light-emitting device including 

a transistor and a light-emitting element, the following case is possible: Company A 

manufactures and sells semiconductor devices including transistors, and Company B 

purchases the semiconductor devices, provides light-emitting elements for the 

20 semiconductor devices, and completes light-emitting devices. 

[0364] 

In such a case, one embodiment of the invention can be constituted so that a 

patent infringement can be claimed against each of Company A and Company B. In 

other words, one embodiment of the invention can be constituted so that only Company 

25 A implements the embodiment, and another embodiment of the invention can be 

constituted so that only Company B implements the embodiment. One embodiment of 

the invention with which a patent infringement suit can be filed against Company A or 

Company B is clear and can be regarded as being disclosed in this specification or the 

like. For example, in the case of a transmission/reception system, even when this 

30 specification or the like does not include a description of the case where a transmitting 

device is used alone or the case where a receiving device is used alone, one embodiment 

of the invention can be constituted by only the transmitting device and another 
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embodiment of the invention can be constituted by only the receiving device. Those 

embodiments of the invention are clear and can be regarded as being disclosed in this 

specification or the like. Another example is as follows: in the case of a light-emitting 

device including a transistor and a light-emitting element, even when this specification 

5 or the like does not include a description of the case where a semiconductor device 

including the transistor is used alone or the case where a light-emitting device including 

the light-emitting element is used alone, one embodiment of the invention can be 

constituted by only the semiconductor device including the transistor and another 

embodiment of the invention can be constituted by only the light-emitting device 

10 including the light-emitting element. Those embodiments of the invention are clear 

and can be regarded as being disclosed in this specification or the like. 

[0365] 

Note that in this specification and the like, it may be possible for those skilled 

in the art to constitute one embodiment of the invention even when portions to which all 

15 the terminals of an active element (e.g., a transistor or a diode), a passive element (e.g., 

a capacitor or a resistor), and the like are connected are not specified. In other words, 

one embodiment of the invention is clear even when connection portions are not 

specified. Further, in the case where a connection portion is disclosed in this 

specification and the like, it can be determined that one embodiment of the invention in 

20 which a connection portion is not specified is disclosed in this specification and the like, 

in some cases. In particular, in the case where the number of portions to which the 

terminal is connected may be more than one, it is not necessary to specify the portions 

to which the terminal is connected. Therefore, it may be possible to constitute one 

embodiment of the invention by specifying only portions to which some of terminals of 

25 an active element (e.g., a transistor or a diode), a passive element (e.g., a capacitor or a 

resistor), and the like are connected. 

[0366] 

Note that in this specification and the like, it may be possible for those skilled 

in the art to specify the invention when at least the connection portion of a circuit is 

30 specified. Alternatively, it may be possible for those skilled in the art to specify the 

invention when at least a function of a circuit is specified. In other words, when a 

function of a circuit is specified, one embodiment of the present invention is clear. 
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Moreover, it can be determined that one embodiment of the present invention whose 

function is specified is disclosed in this specification and the like. Therefore, when a 

connection portion of a circuit is specified, the circuit is disclosed as one embodiment of 

the invention even when a function is not specified, and one embodiment of the 

5 invention can be constituted. Alternatively, when a function of a circuit is specified, 

the circuit is disclosed as one embodiment of the invention even when a connection 

portion is not specified, and one embodiment of the invention can be constituted. 

[0367] 

Note that in this specification and the like, part of a diagram or text described 

10 in one embodiment can be taken out to constitute one embodiment of the invention. 

Thus, in the case where a diagram or text related to a certain portion is described, the 

contents taken out from part of the diagram or the text are also disclosed as one 

embodiment of the invention, and one embodiment of the invention can be constituted. 

The embodiment of the present invention is clear. Therefore, for example, in a 

15 diagram or text in which one or more active elements (e.g., transistors or diodes), 

wirings, passive elements (e.g., capacitors or resistors), conductive layers, insulating 

layers, semiconductor layers, organic materials, inorganic materials, components, 

devices, operating methods, manufacturing methods, or the like are described, part of 

the diagram or the text is taken out, and one embodiment of the invention can be 

20 constituted. For example, from a circuit diagram in which N circuit elements (e.g., 

transistors or capacitors; N is an integer) are provided, it is possible to take out M circuit 

elements (e.g., transistors or capacitors; M is an integer, where M < N) and constitute 

one embodiment of the invention. For another example, it is possible to take out M 

layers (Mis an integer, where M< N) from a cross-sectional view in which TV layers (N 

25 is an integer) are provided and constitute one embodiment of the invention. For 

another example, it is possible to take out M elements (M is an integer, where M < N) 

from a flow chart in which N elements (N is an integer) are provided and constitute one 

embodiment of the invention. For another example, it is possible to take out some 

given elements from a sentence "A includes B, C, D, E, or F" and constitute one 

30 embodiment of the invention, for example, "A includes B and E", "A includes E and F", 

"A includes C, E, and F", or "A includes B, C, D, and E". 

[0368] 
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Note that in the case where at least one specific example is described in a 

diagram or text described in one embodiment in this specification and the like, it will be 

readily appreciated by those skilled in the art that a broader concept of the specific 

example can be derived. Therefore, in the diagram or the text described in one 

5 embodiment, in the case where at least one specific example is described, a broader 

concept of the specific example is disclosed as one embodiment of the invention, and 

one embodiment of the invention can be constituted. The embodiment of the present 

invention is clear. 

[0369] 

10 Note that in this specification and the like, what is illustrated in at least a 

diagram (which may be part of the diagram) is disclosed as one embodiment of the 

invention, and one embodiment of the invention can be constituted. Therefore, when 

certain contents are described in a diagram, the contents are disclosed as one 

embodiment of the invention even when the contents are not described with text, and 

15 one embodiment of the invention can be constituted. In a similar manner, part of a 

diagram, which is taken out from the diagram, is disclosed as one embodiment of the 

invention, and one embodiment of the invention can be constituted. The embodiment 

of the present invention is clear. 

20 This application is based on Japanese Patent Application serial no. 

2014-054763 filed with Japan Patent Office on March 18, 2014, the entire contents of 

which are hereby incorporated by reference. 
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WHAT IS CLAIMED IS: 

1. A semiconductor device comprising: 

an insulator including a projection; 

an island-shaped semiconductor over the insulator including the projection; 

a first electrode and a second electrode; 

a first insulator; 

a second insulator; and 

a third electrode, 

wherein the first electrode and the second electrode are on and in contact with 

the island-shaped semiconductor, 

wherein the first insulator is over the island-shaped semiconductor, the first 

electrode, and the second electrode, 

wherein the first insulator comprises an opening or a groove overlapping with 

the island-shaped semiconductor, 

wherein the second insulator covers an inner wall of the opening or the groove, 

and an exposed portion of the island-shaped semiconductor, 

wherein a cross-section view of the semiconductor device taken along a 

direction defined by a straight line joining the first and the second electrodes shows that 

the third electrode overlaps with and fills the opening or the groove, the second 

insulator being interposed between the third electrode and each of the island-shaped 

semiconductor, the first electrode, and the second electrode, 

wherein the first insulator covers and faces both of a side surface and a top 

surface of a peripheral edge of the first electrode, 
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wherein the island-shaped semiconductor is in contact with the projection, 

wherein the first insulator is in contact with a side surface of the projection, 

wherein an entire bottom surface of the island-shaped semiconductor overlaps a 

top surface of the projection, and 

wherein the side surface of the projection and a side surface of the island-shaped 

semiconductor are aligned. 

2. The semiconductor device according to claim 1, wherein the island-shaped 

semiconductor is an oxide semiconductor. 

3. The semiconductor device according to claim 1, wherein the second insulator 

covers a top surface region of the first insulator. 

4. The semiconductor device according to claim 1, wherein a top surface of the 

third electrode is planarized. 

5. The semiconductor device according to claim 1, wherein the first insulator is 

on and in direct contact with the first electrode. 

6. A method for manufacturing a semiconductor device, the method comprising: 

forming a patterned semiconductor over an insulator including a projection; 

forming a first electrode and a second electrode on and in contact with the 

patterned semiconductor; 

forming a first insulator over the patterned semiconductor, the first electrode, 
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and the second electrode; 

forming an opening or a groove in the first insulator, the opening or the groove 

overlapping with the patterned semiconductor; 

forming a second insulator covering an inner wall of the opening or the groove 

and an exposed portion of the patterned semiconductor; and 

forming a third electrode in the opening or the groove, the second insulator 

being interposed between the third electrode and each of the patterned semiconductor, 

the first electrode, and the second electrode, and 

a cross-section view of the semiconductor device taken along a direction defined 

by a straight line joining the first and the second electrodes shows that the third 

electrode overlaps with the opening or the groove, 

wherein the first insulator covers and faces both of a side surface and a top 

surface of a peripheral edge of the first electrode, 

wherein the patterned semiconductor is in contact with the projection, 

wherein the first insulator is in contact with a side surface of the projection, 

wherein an entire bottom surface of the patterned semiconductor overlaps a top 

surface of the projection, and 

wherein the side surface of the projection and a side surface of the patterned 

semiconductor are aligned. 

7. The method for manufacturing a semiconductor device according to claim 6, 

the method comprising: 

a first step of forming a semiconductor; 

a second step of performing a first process on the semiconductor so as to form 
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the patterned semiconductor, the patterned semiconductor being an island-shaped 

semiconductor; 

a third step of forming a first conductor over the island-shaped semiconductor; 

a fourth step of performing a second process on the first conductor so as to form 

a conductor having a first pattern; 

a fifth step of forming the first insulator over the conductor having the first 

pattern; 

a sixth step of forming the opening or the groove in the first insulator; 

a seventh step of performing a third process on the conductor having the first 

pattern in the opening or the groove so as to form the first electrode and the second 

electrode and to expose the island-shaped semiconductor; 

an eighth step of forming the second insulator over the first insulator, the inner 

wall of the opening or the groove, and the exposed portion of the island-shaped 

semiconductor; 

a ninth step of forming a second conductor over the second insulator; and 

a tenth step of performing a fourth process on the second conductor so as to 

form the third electrode. 

8. The method for manufacturing a semiconductor device according to claim 6, 

the method comprising: 

a first step of forming a semiconductor; 

a second step of performing a first process on the semiconductor so as to form 

the patterned semiconductor, the patterned semiconductor being an island-shaped 

semiconductor; 
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a third step of forming a first conductor over the island-shaped semiconductor; 

a fourth step of forming the first insulator over the first conductor; 

a fifth step of performing a second process on the first insulator so that the first 

insulator has a desired pattern, and performing a third process on the first conductor so 

as to form the first electrode and the second electrode and to expose the island-shaped 

semiconductor; 

a sixth step of forming the second insulator over the first insulator, the inner wall 

of the opening or the groove, and the exposed portion of the island-shaped 

semiconductor; 

a seventh step of forming a second conductor over the second insulator; and 

an eighth step of performing a fourth process on the second conductor so as to 

form the third electrode, 

wherein the opening or the groove is formed by the second process and the third 

process. 

9. The method for manufacturing a semiconductor device according to claim 6, 

the method comprising: 

a first step of forming a semiconductor; 

a second step of forming a first conductor on and in contact with the 

semiconductor; 

a third step of performing a first process on the semiconductor and the first 

conductor so as to form a semiconductor and a conductor each having a first pattern, 

whereby the patterned semiconductor is formed; 

a fourth step of forming the first insulator over the semiconductor and the 
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conductor each having the first pattern; 

a fifth step of forming the opening or the groove in the first insulator; 

a sixth step of performing a second process on the conductor having the first 

pattern in the opening or the groove so as to form the first electrode and the second 

electrode and to expose a portion of the patterned semiconductor; 

a seventh step of forming the second insulator over the first insulator, the inner 

wall of the opening or the groove, and the exposed portion of the patterned 

semiconductor; 

an eighth step of forming a second conductor over the second insulator; and 

a ninth step of performing a third process on the second conductor so as to form 

the third electrode. 

10. The method for manufacturing a semiconductor device according to claim 6, 

the method comprising: 

a first step of forming a semiconductor; 

a second step of forming a first conductor on and in contact with the 

semiconductor; 

a third step of forming the first insulator over the first conductor; 

a fourth step of performing a first process on the first insulator, on the first 

conductor, and on the semiconductor so that the first insulator, the first conductor, and 

the semiconductor have a desired pattern, whereby forming the patterned 

semiconductor; 

a fifth step of performing a second process on the first insulator and on the first 

conductor so as to form the first electrode and the second electrode and to expose a 
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portion of the patterned semiconductor; 

a sixth step of forming the second insulator over the first insulator, the inner wall 

of the opening or the groove, and the exposed portion of the patterned semiconductor; 

a seventh step of forming a second conductor over the second insulator; and 

an eighth step of performing a third process on the second conductor so as to 

form the third electrode, 

wherein the opening or the groove is formed by the second process. 

11. The method for manufacturing a semiconductor device according to claim 6, 

wherein the first insulator is an insulator having planarity. 

12. The method for manufacturing a semiconductor device according to claim 6, 

wherein the first insulator includes a low-dielectric constant material. 

13. The method for manufacturing a semiconductor device according to claim 7, 

wherein the second conductor is processed using CMP treatment. 

14. The method for manufacturing a semiconductor device according to claim 8, 

wherein the second conductor is processed using CMP treatment. 

15. The method for manufacturing a semiconductor device according to claim 9, 

wherein the second conductor is processed using CMP treatment. 

16. The method for manufacturing a semiconductor device according to claim 6, 
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wherein the patterned semiconductor is an oxide semiconductor. 

17. The method for manufacturing a semiconductor device according to claim 6, 

wherein the second insulator covers a top surface region of the first insulator. 

18. The method for manufacturing a semiconductor device according to claim 6, 

wherein a top surface of the third electrode is planarized. 

19. The method for manufacturing a semiconductor device according to claim 6, 

wherein the first insulator is formed on and in direct contact with the patterned 

semiconductor, the first electrode, and the second electrode. 

20. A semiconductor device comprising: 

an insulator including a projection; 

an island-shaped semiconductor over the insulator including the projection; 

a first electrode and a second electrode; 

a first insulator; 

a second insulator; and 

a third electrode, 

wherein the first electrode and the second electrode are on and in contact with 

the island-shaped semiconductor, 

wherein the first insulator is over the island-shaped semiconductor, the first 

electrode, and the second electrode, 

wherein the first insulator comprises an opening or a groove overlapping with 
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the island-shaped semiconductor, 

wherein the second insulator is over the first insulator, an inner wall of the 

opening or the groove, and an exposed portion of the island-shaped semiconductor, 

wherein a cross-section view of the semiconductor device taken along a 

direction defined by a straight line joining the first and the second electrodes shows that 

the third electrode overlaps with and fills the opening or the groove, the second 

insulator being interposed between the third electrode and each of the island-shaped 

semiconductor, the first electrode, and the second electrode, 

wherein the first insulator covers and faces both of a side surface and a top 

surface of a peripheral edge of the first electrode, 

wherein the island-shaped semiconductor is in contact with the projection, 

wherein the first insulator is in contact with a side surface of the projection, 

wherein an entire bottom surface of the island-shaped semiconductor overlaps a 

top surface of the projection, 

wherein the side surface of the projection and a side surface of the island-shaped 

semiconductor are aligned, and 

wherein the side surface of the island-shaped semiconductor and the side surface 

of the peripheral edge of the first electrode are aligned. 

21. The semiconductor device according to claim 20, wherein a top surface of 

the first insulator is at a constant height. 

22. The semiconductor device according to claim 20, wherein the island-shaped 

semiconductor is an oxide semiconductor. 
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23. The semiconductor device according to claim 20, wherein the second 

insulator covers a top surface region of the first insulator. 

24. The semiconductor device according to claim 20, wherein a top surface of 

the third electrode is planarized. 

25. The semiconductor device according to claim 20, wherein the first insulator 

is on and in direct contact with the first electrode. 

26. A method for manufacturing a semiconductor device, the method 

comprising: 

a first step of forming a semiconductor over an insulator including a projection; 

a second step of forming a first conductor on and in contact with the 

semiconductor; 

a third step of performing a first process on the semiconductor and the first 

conductor so as to form a semiconductor and a conductor each having a first pattern, 

whereby a patterned semiconductor is formed; 

a fourth step of forming a first insulator over the semiconductor and the 

conductor each having the first pattern, the first insulator having planarity; 

a fifth step of forming an opening or a groove in the first insulator; 

a sixth step of performing a second process on the conductor having the first 

pattern in the opening or the groove so as to form a first electrode and a second 

electrode and to expose a portion of the patterned semiconductor; 

a seventh step of forming a second insulator covering an inner wall of the 
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opening or the groove, and the exposed portion of the patterned semiconductor; 

an eighth step of forming a second conductor over the second insulator; and 

a ninth step of performing a third process on the second conductor so as to form 

a third electrode, the third process being a chemical mechanical polishing process, 

wherein a cross-section view of the semiconductor device taken along a 

direction defined by a straight line joining the first and the second electrodes shows that 

the third electrode overlaps with the opening or the groove, and 

wherein the first insulator covers and faces both of a side surface and a top 

surface of a peripheral edge of the first electrode, 

wherein the patterned semiconductor is in contact with the projection, 

wherein the first insulator is in contact with a side surface of the projection, 

wherein an entire bottom surface of the patterned semiconductor overlaps a top 

surface of the projection, and 

wherein the side surface of the projection and a side surface of the patterned 

semiconductor are aligned. 

27. The method for manufacturing a semiconductor device according to claim 26, 

wherein the patterned semiconductor is an oxide semiconductor. 

28. The method for manufacturing a semiconductor device according to claim 26, 

wherein the second insulator covers a top surface region of the first insulator. 

29. The method for manufacturing a semiconductor device according to claim 26, 

wherein a top surface of the third electrode is planarized. 
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30. The method for manufacturing a semiconductor device according to claim 26, 

wherein the first insulator is formed on and in direct contact with the semiconductor and 

the conductor. 


