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DESCRIPTION 

SEMICONDUCTOR DEVICE AND METHOD FOR DRIVING 
SEMICONDUCTOR DEVICE 

5 

TECHNICAL FIELD 
[0001] 

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

method. In particular, the present invention relates to, for example, a semiconductor 
10 device, a display device, a light-emitting device, a power storage device, a driving 

method thereof, or a manufacturing method thereof. The present invention particularly 
relates to a semiconductor device, a display device, or a light-emitting device each 

including an oxide semiconductor, for example. 

15 BACKGROUND ART 

[0002] 

Patent Document 1 describes a semiconductor device which includes a 

transistor using an oxide semiconductor film and a transistor using single crystal silicon. 

Patent Document 1 also describes a transistor using an oxide semiconductor film has 
20 extremely low off-state leakage current. 

[Patent Document] 

[0003] 

[Patent Document 1] Japanese Published Patent Application No. 2012-256400 

25 
DISCLOSURE OF INVENTION 

[0004] 

One embodiment of the present invention provides a semiconductor device 

capable of writing a predetermined potential and reading the potential. One 

30 embodiment of the present invention provides a semiconductor device which does not 

need a verify operation. One embodiment of the present invention provides a 
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semiconductor device which shows high retention characteristics in storing multi-bit 

data and high reliability. 

[0005] 

It is an object of one embodiment of the present invention to provide a 

5 semiconductor device or the like with low off-state current. Another object of one 

embodiment of the present invention is to provide a semiconductor device or the like 

with low power consumption. Another object of one embodiment of the present 

invention is to provide a semiconductor device or the like using a transparent 

semiconductor layer. Another object of one embodiment of the present invention is to 

10 provide a semiconductor device or the like using a semiconductor layer with high 

reliability. 

[0006] 

Note that the descriptions of these objects do not d isturb the existence of other 

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

15 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. 

[0007] 

One embodiment of the present invention is a semiconductor device which 

includes a first transistor, a second transistor, and a capacitor. A region in which a 

20 channel of the first transistor is formed comprises an oxide semiconductor film. A gate 

of the first transistor is electrically connected to a word line. One of a source and a 

drain of the first transistor is electrically connected to a bit line. The other of the 

source and the drain of the first transistor is electrically connected to one electrode of 

the capacitor and a gate of the second transistor. The other electrode of the capacitor is 

25 electrically connected to a capacitor line. One of a source and a drain of the second 

transistor is electrically connected to a first wiring. The other of the source and the 

drain of the second transistor is electrically connected to the bit line. Operation of 

writing data comprises a first step and a second step. In the first step, a low voltage is 

applied to the bit line and the first wiring, a high voltage is applied to the word line to 

30 turn on the first transistor, and a low voltage is applied to the capacitor line, thereby 

turning on the second transistor. In the second step, a first voltage is applied to the 

first wiring, and application of the low voltage to the bit line is stopped. To store the 
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data, a low voltage is applied to the word line to turn off the first transistor, a low 

voltage is applied to the bit line and the first wiring, and a high voltage is applied to the 

capacitor line to turn off the second transistor. Operation of reading data comprises a 

third step and a fourth step. In the third step, a high voltage is applied to the first 

5 wiring. In the fourth step, application of the high voltage to the first wiring is stopped, 

and a low voltage is applied to the capacitor line. By the second step, a voltage 

corresponding to the first voltage is applied to the gate of the second transistor from the 

first wiring through the source and the drain of the second transistor, the bit line, and the 
source and the drain of the first transistor. By the fourth step, a voltage of the first 

10 wiring changes from the high voltage to the first voltage. 

[0008] 
One embodiment of the present invention is a semiconductor device which 

includes a first transistor, a second transistor, a third transistor, and a capacitor. A 

region in which a channel of the first transistor is formed comprises an oxide 

15 semiconductor film. A gate of the first transistor is electrically connected to a first 

word line. One of a source and a drain of the first transistor is electrically connected to 

a bit line. The other of the source and the drain of the first transistor is electrically 

connected to one electrode of the capacitor and a gate of the second transistor. A low 

voltage is applied to the other electrode of the capacitor. One of a source and a drain 

20 of the second transistor is electrically connected to a first wiring. The other of the 
source and the drain of the second transistor is electrically connected to one of a source 

and a drain of the third transistor. A gate of the third transistor is electrically 

connected to a second word line. The other of the source and the drain of the third 

transistor is electrically connected to the bit line. Operation of writing data comprises 
25 a first step and a second step. In the first step, a low voltage is applied to the bit line 

and the first wiring, a high voltage is applied to the first word line to turn on the first 

transistor, the low voltage of the bit line is applied to the gate of the second transistor to 

turn on the second transistor, and a low voltage is applied to the second word line to 

turn on the third transistor. In the second step, the first voltage is applied to the first 
30 wiring, and application of the low voltage to the bit line is stopped. To store the data, a 

low voltage is applied to the first word line to turn off the first transistor, a low voltage 

is applied to the bit line and the first wiring, and a high voltage is applied to the second 
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word line to turn off the third transistor. Operation of reading the data comprises a 

third step and a fourth step. In the third step, a high voltage is applied to the first 

wiring. In the fourth step, application of the high voltage to the first wiring is stopped, 

and a low voltage is applied to the second word line to turn on the third transistor. By 

5 the second step, a voltage corresponding to the first voltage is applied to the gate of the 

second transistor from the first wiring through the source and the drain of the second 

transistor, the source and the drain of the third transistor, the bit line, and the source and 

the drain of the first transistor. By the fourth step, a voltage of the first wiring changes 
from the high voltage to the first voltage. 

10 [0009] 

One embodiment of the present invention is a semiconductor device which 
includes a first transistor, a second transistor, and a capacitor. A region in which a 

channel of the first transistor is formed comprises an oxide semiconductor film. A gate 

of the first transistor is electrically connected to a word line. One of a source and a 

15 drain of the first transistor is electrically connected to a bit line. The other of the 

source and the drain of the first transistor is electrically connected to one electrode of 

the capacitor and a gate of the second transistor. The other electrode of the capacitor is 

electrically connected to a capacitor line. One of a source and a drain of the second 

transistor is electrically connected to a first wiring. The other of the source and the 

20 drain of the second transistor is electrically connected to the bit line. Operation of 

writing data comprises a first step and a second step. In the first step, a high voltage is 

applied to the bit line and the first wiring, a high voltage is applied to the word line to 
turn on the first transistor, and a high voltage is applied to the capacitor line, thereby 

turning on the second transistor. In the second step, a first voltage is applied to the 

25 first wiring, and application of the high voltage to the bit line is stopped. To store the 

data, a low voltage is applied to the word line to turn off the first transistor, a high 

voltage is applied to the bit line and the first wiring, and a low voltage is applied to the 

capacitor line to turn off the second transistor. Operation of reading the data comprises 

a third step and a fourth step. In the third step, a low voltage is applied to the first 
30 wiring. In the fourth step, application of the low voltage to the first wiring is stopped, 

and a high voltage is applied to the capacitor line. By the second step, a voltage 

corresponding to the first voltage is applied to the gate of the second transistor from the 
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first wiring through the source and the drain of the second transistor, the bit line, and the 

source and the drain of the first transistor. By the fourth step, a voltage of the first 

wiring changes from the low voltage to the first voltage. 

[0010] 

5 One embodiment of the present invention is a semiconductor device which 

includes a first transistor, a second transistor, a third transistor, and a capacitor. A 

region in which a channel of the first transistor is formed comprises an oxide 
semiconductor film. A gate of the first transistor is electrically connected to a first 

word line. One of a source and a drain of the first transistor is electrically connected to 

10 a bit line. The other of the source and the drain of the first transistor is electrically 
connected to one electrode of the capacitor and a gate of the second transistor. A low 

voltage is applied to the other electrode of the capacitor. One of a source and a drain 

of the second transistor is electrically connected to a first wiring. The other of the 

source and the drain of the second transistor is electrically connected to one of a source 

15 and a drain of the third transistor. A gate of the third transistor is electrically 
connected to a second word line. The other of the source and the drain of the third 

transistor is electrically connected to the bit line. Operation of writing data comprises 
a first step and a second step. In the first step, a high voltage is applied to the bit line 

and the first wiring, a high voltage is applied to the first word line to turn on the first 
20 transistor, the high voltage of the bit line is applied to the gate of the second transistor to 

turn on the second transistor, and a high voltage is applied to the second word line to 

turn on the third transistor. In the second step, the first voltage is applied to the first 

wiring, and application of the high voltage to the bit line is stopped. To store the data, 
a low voltage is applied to the first word line to turn off the first transistor, a high 

25 voltage is applied to the bit line and the first wiring, and a low voltage is applied to the 

second word line to turn off the third transistor. Operation of reading the data 

comprises a third step and a fourth step. In the third step, a low voltage is applied to 

the first wiring. In the fourth step, a high voltage is applied to the second word line to 

turn on the third transistor, and application of the low voltage to the first wiring is 

30 stopped. By the second step, a voltage corresponding to the first voltage is applied to 

the gate of the second transistor from the first wiring through the source and the drain of 

the second transistor, the source and the drain of the third transistor, the bit line, and the 
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source and the drain of the first transistor. By the fourth step, a voltage of the first 

wiring changes from the low voltage to the first voltage. 

[0011] 

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

5 semiconductor device. The semiconductor device includes a first transistor whose 

channel region includes an oxide semiconductor, a second transistor, and a capacitor 

whose one electrode electrically connected to one of a source and a drain of the first 

transistor and a gate of the second transistor. In the method, a first voltage is applied 
to a bit line and a first wiring, a second voltage is applied to a word line to turn on the 

10 first transistor, and a third voltage is applied to a capacitor line, thereby turning on the 

second transistor. The word line is electrically connected to a gate of the first 

transistor. The first wiring is electrically connected to one of a source and a drain of 

the second transistor. The bit line is electrically connected to the other of the source 
and the drain of the first transistor and the other of the source and the drain of the 

15 second transistor. The capacitor line is electrically connected to the other electrode of 

the capacitor. In the method, a fourth voltage is applied to the first wiring and the 

application of the first voltage to the bit line is stopped so that a voltage corresponding 

to the fourth voltage is applied to the gate of the second transistor from the first wiring 

through the source and the drain of the second transistor, the bit line, and the source and 

20 the drain of the first transistor. A fifth voltage is applied to the word line to turn off the 

first transistor, a sixth voltage is applied to the bit line and the first wiring, and a seventh 

voltage is applied to the capacitor line to turn off the second transistor. An eighth 
voltage is applied to the first wiring. The application of the eighth voltage to the first 

wiring is stopped, and a ninth voltage is applied to the capacitor line so that a voltage of 

25 the first wiring changes from the eighth voltage to the fourth voltage. 

[0012] 

In the one embodiment of the present invention, the second voltage is 

preferably higher than the fifth voltage. The seventh voltage is preferably higher than 

the third voltage and the ninth voltage. The first voltage and the sixth voltage are 

30 preferably a power supply voltage or a reference voltage. The eighth voltage is 

preferably higher than the fourth voltage. 

[0013] 
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In the one embodiment of the present invention, the second voltage is 

preferably higher than the fifth voltage. The seventh voltage is preferably lower than 

the third voltage and the ninth voltage. The first voltage, the sixth voltage, and the 

eighth voltage are preferably a power supply voltage or a reference voltage. 

5 [0014] 

One embodiment of the present invention is a method for driving a 
semiconductor device. The semiconductor device includes a first transistor whose 

channel region includes an oxide semiconductor, a second transistor, a third transistor, 

and a capacitor whose one electrode electrically connected to one of a source and a 

10 drain of the first transistor and a gate of the second transistor. In the method, a first 
voltage is applied to a bit line and a first wiring, a second voltage is applied to a first 

word line to turn on the first transistor, the first voltage of the bit line is applied to the 

gate of the second transistor to turn on the second transistor, and a third voltage is 

applied to a second word line to turn on the third transistor. The first word line is 

15 electrically connected to a gate of the first transistor. The second word line is 

electrically connected to a gate of the third transistor. The first wiring is electrically 

connected to one of a source and a drain of the second transistor. One of a source and 

a drain of the third transistor is electrically connected to the other of the source and the 

drain of the second transistor. The bit line is electrically connected to the other of the 

20 source and the drain of the first transistor and the other of the source and the drain of the 
third transistor. The other electrode of the capacitor is electrically connected to a 

reference potential terminal or a power supply potential terminal. In the method, a 

fourth voltage is applied to the first wiring, and the application of the first voltage to the 
bit line is stopped so that a voltage corresponding to the fourth voltage is applied to the 

25 gate of the second transistor from the first wiring through the source and the drain of the 

second transistor, the source and the drain of the third transistor, the bit line, and the 

source and the drain of the first transistor. A fifth voltage is applied to the first word 

line to turn off the first transistor, a sixth voltage is applied to the bit line and the first 

wiring, and a seventh voltage is applied to the second word line to turn off the third 

30 transistor. An eighth voltage is applied to the first wiring. The application of the 

eighth voltage to the first wiring is stopped, and a ninth voltage is applied to the second 
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word line to turn on the third transistor so that a voltage of the first wiring changes from 

the eighth voltage to the fourth voltage. 

[0015] 
In the one embodiment of the present invention, the second voltage is 

5 preferably higher than the fifth voltage. The seventh voltage is preferably higher than 

the third voltage and the ninth voltage. The sixth voltage is preferably a power supply 

voltage or a reference voltage. 

[0016] 
In the one embodiment of the present invention, the second voltage is 

10 preferably higher than the fifth voltage. The seventh voltage is preferably lower than 

the third voltage and the ninth voltage. The sixth voltage and the eighth voltage are 
preferably a power supply voltage or a reference voltage. 

[0017] 

A semiconductor device of one embodiment of the present invention can have a 

15 smaller variation in a read voltage. A semiconductor device of one embodiment of the 
present invention does not need a verify operation. A semiconductor device of one 

embodiment of the present invention shows high retention characteristics in storing 

multi-bit data and high reliability. 

20 BRIEF DESCRIPTION OF DRAWINGS 

[0018] 

FIG. 1 is a circuit diagram of a semiconductor device. 

FIG. 2 is a timing diagram. 
FIGS. 3Ato 3E show operation of a semiconductor device. 

25 FIG. 4 is a timing diagram. 
FIGS. 5A to 5D show operation of a semiconductor device. 
FIG. 6 is a circuit diagram of a semiconductor device. 

FIG. 7 is a circuit diagram of a row selection driver. 
FIG. 8 is a circuit diagram of a column selection driver. 

30 FIG. 9 is a circuit diagram of an A/D converter. 

FIG. 10 is a circuit diagram of a semiconductor device. 

FIG. 11 is a timing diagram. 
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FIG. 12 is a timing diagram. 
FIGS. 13A and 13B are circuit diagrams of a semiconductor device. 

FIG. 14 is a timing diagram. 

FIGS. 15A to 15E show operation of a semiconductor device. 

5 FIG. 16 is a timing diagram. 

FIGS. 17A to 17D show operation of a semiconductor device. 
FIG. 18 is a circuit diagram of a semiconductor device. 

FIG. 19 is a timing diagram. 

FIGS. 20A to 20E show operation of a semiconductor device. 

10 FIG. 21 is a timing diagram. 
FIGS. 22A to 22D show operation of a semiconductor device. 

FIGS. 23A and 23B are circuit diagrams of a semiconductor device. 

FIG. 24 is a timing diagram. 

FIGS. 25A to 25E show operation of a semiconductor device. 

15 FIG. 26 is a timing diagram. 
FIGS. 27A to 27D show operation of a semiconductor device. 

FIG. 28 is a cross-sectional view of a semiconductor device. 

FIGS. 29A and 29B are cross-sectional views of transistors. 
FIGS. 30Ato 30F illustrate electronic devices. 

20 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] 
Embodiments and examples of the present invention will be described below 

with reference to the drawings. Note that the present invention is not limited to the 

25 following description. It will be readily appreciated by those skilled in the art that 

various changes and modifications are possible without departing from the spirit and the 

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

construed as being limited to the following description of the embodiments. Note that 
in describing the structure of the present invention with reference to the drawing, 

30 reference numerals denoting the same portions are used in different drawings in 

common. 

[0020] 
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In this specification, the term "connection" means electrical connection and 

corresponds to the state in which current, voltage, or a potential can be supplied or 

transmitted. Accordingly, a connection state means not only a state of direct 

connection but also a state of electrical connection through a circuit element such as a 

5 wiring, a resistor, a diode, or a transistor so that current, voltage, or a potential can be 

supplied or transmitted. 

[0021] 

Although the block diagram attached to this specification shows components 

classified by their functions in independent blocks, it is difficult to classify actual 

10 components according to their functions completely and it is possible for one 

component to have a plurality of functions. 

[0022] 

Note that a "source" of a transistor means a source region that is part of a 

semiconductor film functioning as an active layer or a source electrode electrically 

15 connected to the semiconductor film. Similarly, a "drain" of a transistor means a drain 

region that is part of a semiconductor film functioning as an active, layer or a drain 

electrode electrically connected to the semiconductor film. A "gate" means a gate 

electrode. 

[0023] 

20 The terms "source" and "drain" of a transistor interchange with each other 

depending on the type of the channel of the transistor or levels of potentials applied to 

the terminals. In general, in an n-channel transistor, a terminal to which a lower 

potential is applied is called a source, and a terminal to which a higher potential is 

applied is called a drain. Further, in a p-channel transistor, a terminal to which a lower 

25 potential is applied is called a drain, and a terminal to which a higher potential is 

applied is called a source. In this specification, although connection relation of the 

transistor is described assuming that the source and the drain are fixed in some cases for 

convenience, actually, the names of the source and the drain interchange with each other 

depending on the relation of the potentials. 

30 [0024] 
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Note that what is described (or part thereof) in one embodiment can be applied 

to, combined with, or exchanged with another content in the same embodiment and/or 

what is described (or part thereof) in another embodiment or other embodiments. 

[0025] 

5 Note that the size, the thickness of layers, or regions in diagrams is sometimes 

exaggerated for simplicity. Therefore, embodiments of the present invention are not 

limited to such a scale. 

[0026] 

Note that drawings are schematic views of ideal examples, and the 

10 embodiments of the present invention are not limited to the shape or the value 

illustrated in the drawings. For example, the following can be included: variation in 

shape due to a manufacturing technique or dimensional deviation; or variation in signal, 

voltage, or current due to noise or difference in timing. 

[0027] 

15 A voltage usually refers to a potential difference between a given potential and 

a reference potential (e.g., a source potential or a ground potential (GND)). A voltage 

can be referred to as a potential and vice versa. Here, the voltage of each wiring or 

each terminal is relative voltage, and whether the voltage is higher or lower than 

reference voltage is important. Thus, GND does not necessarily mean 0 V. The same 

20 applies to the drawings, and GND in the drawings does not necessarily mean 0 V. 

[0028] 

Even when the expression "electrically connect" is used in this specification, in 

an actual circuit, there is a case in which no physical connection is made and a wiring is 

just extended. 

25 [0029] 

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

are used for the sake of convenience and do not denote the order of steps or the stacking 

order of layers. In addition, the ordinal numbers in this specification do not denote 

particular names which specify the present invention. 

30 [0030] 

Note that a "semiconductor" includes characteristics of an "insulator" in some 

cases when the conductivity is sufficiently low, for example. Further, a 
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"semiconductor" and an "insulator" cannot be strictly distinguished from each other in 

some cases because a border between the "semiconductor" and the "insulator" is not 

clear. Accordingly, a "semiconductor" in this specification can be called an "insulator" 

in some cases. Similarly, an "insulator" in this specification can be called a 

5 "semiconductor" in some cases. 
[0031] 

Further, a "semiconductor" includes characteristics of a "conductor" in some 
cases when the conductivity is sufficiently high, for example. Further, a 

"semiconductor" and a "conductor" cannot be strictly distinguished from each other in 
10 some cases because a border between the "semiconductor" and the "insulator" is not 

clear. Accordingly, a "semiconductor" in this specification can be called a "conductor" 

in some cases. Similarly, a "conductor" in this specification can be called a 
"semiconductor" in some cases. 

[0032] 

15 In this specification, a term "parallel" indicates that the angle formed between 

two straight lines is greater than or equal to -10° and less than or equal to 10°, and 

accordingly also includes the case where the angle is greater than or equal to -5° and 

less than or equal to 5°. In addition, a term "perpendicular" indicates that the angle 

formed between two straight lines is greater than or equal to 80° and less than or equal 

20 to 100°, and accordingly includes the case where the angle is greater than or equal to 

85° and less than or equal to 95°. 

[0033] 

In this specification, trigonal and rhombohedral crystal systems are included in 
a hexagonal crystal system. 

25 [0034] 

(Embodiment 1) 

FIG. 1 illustrates a semiconductor device 100. The semiconductor device 100 

includes a transistor 101, a transistor 102, and a capacitor 103. The semiconductor 
device 100 can function as a memory cell and is also referred to as a memory cell 100. 

30 [0035] 
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A region in which a channel of the transistor 101 is formed includes an oxide 

semiconductor layer. The transistor 101 includes the oxide semiconductor layer. 

Accordingly, off-state current of the transistor 101 is extremely low. 
[0036] 

5 The transistor 101 is an n-channel transistor or a p-channel transistor. The 

following description is made on the case where the transistor 101 is an n-channel 

transistor. 
[0037] 

A gate of the transistor 101 is electrically connected to a wiring 111. The 
10 wiring 111 can function as a word line. 

[0038] 

One of a source and a drain of the transistor 101 is electrically connected to a 
wiring 113. The wiring 113 can function as a bit line. 
[0039] 

15 The other of the source and the drain of the transistor 101 is electrically 

connected to one electrode of the capacitor 103. The other of the source and the drain 

of the transistor 101 is electrically connected to a gate of the transistor 102. 

[0040] 

A layer containing various materials such as an oxide semiconductor and 

20 silicon can be used for a region in which a channel of the transistor 102 is formed. The 
transistor 102 is a p-channel transistor. 

[0041] 

One of a source and a drain of the transistor 102 is electrically connected to a 

wiring 114. The wiring 114 can function as a signal line, a source line, or a power 
25 supply line. 

[0042] 

The other of the source and the drain of the transistor 102 is electrically 

connected to the wiring 113. The other of the source and the drain of the transistor 102 
is electrically connected to the one of the source and the drain of the transistor 101. 

30 [0043] 
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The one electrode of the capacitor 103 is electrically connected to the other of 

the source and the drain of the transistor 101. The one electrode of the capacitor 103 is 

electrically connected to the gate of the transistor 102. 

[0044] 

5 The other electrode of the capacitor 103 is electrically connected to a wiring 

112. The wiring 112 can function as a capacitor line. 

[0045] 

Operation of writing data to the semiconductor device 100 and operation of 

reading data from the semiconductor device 100 will be described. 

10 [0046] 

(Write Operation) 

First, one example of the write operation is described. FIG. 2 is a timing 

diagram. FIGS. 3A to 3E illustrate operation of the semiconductor device 100. As 

one example, a voltage to be read is referred to as VI, and operation of writing data by 

15 changing the potential of a node 104 (the gate potential of the transistor 102) to V2 is 

described. Since various voltages need to be applied in storing multi-bit data, it is 

advantageous in that VI can be set freely. 

[0047] 

Operation of writing data is performed by a first step and a second step. In 

20 the first step, a low voltage is applied to the wirings 113 and 114, a high voltage is 

applied to the wiring 111 to turn on the transistor 101, and a low voltage is applied to 

the wiring 112, thereby turning on the transistor 102. In the second step, the voltage 

VI is applied to the wiring 114, and the application of the low voltage to the wiring 113 

is stopped. 

25 [0048] 

Owing to the second step, a potential V2 corresponding to data (the voltage 

VI) is applied to the node 104 from the wiring 114 through the source and the drain of 

the transistor 102, the wiring 113, and the source and the drain of the transistor 101. 

Then, the potential V2 is applied to the gate of the transistor 102. Electric charge 

30 corresponding to V2 is accumulated in the capacitor 103. 

[0049] 



WO 2014/148640 

15 

PCT/JP2014/057947 

FIG. 3 A shows an initial state of the semiconductor device 100. In FIG. 2, the 

initial state is shown by (A). 

[0050] 

A signal at a low voltage (also referred to as L voltage) is input to the wiring 
5 111, and thus, the transistor 101 is off. The low voltage is a voltage at which the 

transistor 101 is turned off. The low voltage may be a reference voltage (GND), a 

power supply voltage (VDD or VSS), or another voltage. 

[0051] 
A signal at a high voltage (also referred to as H voltage) is input to the wiring 

10 112. A voltage corresponding to the capacitance value of the capacitor 103 is applied 

to the node 104, and thus, the transistor 102 is off. The high voltage is a voltage at 

which the transistor 102 is turned off. The high voltage may be a power supply 

voltage (VDD) or another voltage. 

[0052] 

15 A low voltage (GND) is applied to the wirings 113 and 114. Accordingly, the 

low voltage can be precharged to the wirings 113 and 114. The low voltage is the 

reference voltage (GND) here but may be a power supply voltage (VSS) or another 

voltage. 

[0053] 
20 ' FIG. 3B shows a writing preparation state. In FIG. 2, the state is shown by 

(B). 
[0054] 

In time tl, a signal at a high voltage is input to the wiring 111, and thus, the 

transistor 101 is turned on. The high voltage is a voltage at which the transistor 101 is 
25 turned on. The high voltage may be a power supply voltage (VDD) or another voltage. 

[0055] 
The transistor 101 is turned on, so that the wiring 113 and the node 104 are 

electrically connected. The potential of the node 104 is lowered to be the low voltage 

(GND). 

30 [0056] 

In the time tl, a signal at a low voltage is input to the wiring 112. A voltage 

corresponding to the capacitance value of the capacitor 103 is applied to the node 104. 
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The transistor 101 is turned on and a low voltage is applied to the wiring 112, so that the 
transistor 102 is turned on. The low voltage is a voltage at which the transistor 102 is 

turned on. The low voltage may be a reference voltage (GND), the power supply 

voltage (VSS), or another voltage. 

5 [0057] 
A low voltage is applied to the wirings 113 and 114, and the transistors 101 and 

102 are turned on. The first step is completed. 

[0058] 
FIGS. 3C and 3D show a write state. In FIG. 2, the state is shown by (C) and 

10 (D). 
[0059] 

In time t2, the voltage VI is applied to the wiring 114 (FIG. 3C). The voltage 

VI is a voltage to be read by a read operation. The level of VI can be set freely 

depending on data to be written. 

15 [0060] 
In the time t2, supply of the low voltage (GND) to the wiring 113 is stopped 

(FIG. 3C). At this time, the wiring 113 is electrically in a floating state from the 

precharged voltage. That is, the potential of the wiring 113 is easily changed by 

charge or discharge of electric charge. This floating state can be obtained by turning 

20 off the switch for supplying the potential of the wiring 113. 

[0061] 
Since the transistor 102 is on, the wiring 113 is electrically connected to the 

wiring 114. The voltage of the wiring 113 is changed from the precharged low voltage 

(GND) to V2' (FIG. 3D). Note that the difference between V2' and VI is about the 

25 threshold voltage of the transistor 102. 

[0062] 
Since the transistor 101 is on, data is written to the node 104 (the gate of the 

transistor 102) from the wiring 114 through the source and the drain of the transistor 
102, the wiring 113, and the source and the drain of the transistor 101. Electric charge 

30 is accumulated in the capacitor 103. The potential of the node 104 is changed to V2. 

[0063] 
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The potential of the node 104 is changed to V2, and accordingly, a potential 

difference between the gate of the transistor 102 and the source of the transistor 102 

becomes small; as a result, current (Id) flowing between the source and the drain of the 

transistor 102 becomes low. The transistor 102 is lastly turned off. 

5 [0064] 

In the semiconductor device 100, VI, V2', and V2 are applied to the wiring 114, 
the wiring 113, and the node 104, respectively. 

[0065] 

The voltage VI is applied to the wiring 114 and the application of the low 
10 voltage to the wiring 113 is stopped, so that the second step is completed. 

[0066] 

Through the above steps, the voltage VI to be read is applied to the wiring 114 
and the potential of the node 104 is changed to V2, so that the write operation is 

completed. 

15 [0067] 
FIG. 3E shows a state after the write operation and before data retention. In 

FIG. 2, the state is shown by (E). 

[0068] 

In time t3, a signal at a low voltage is input to the wiring 111. The transistor 

20 101 is turned off. The node 104 and the wiring 113 are electrically disconnected. 

The transistor 101 has a characteristic of extremely low off-state current, and therefore, 
the potential (V2) of the node 104 is retained. 

[0069] 

By time t4, the high voltage is applied to the wiring 112, the low voltage 

25 (GND) is applied to the wiring 113, and the low voltage (GND) is applied to the wiring 

114. 

[0070] 

The high voltage is applied to the wiring 112, so that the potential of the node 

104 is changed from V2 to a voltage at which the transistor 102 is turned off. 
30 [0071] 

In the time t4, the state becomes the retention state. In FIG. 2, the state is 

shown by (F). The state of the semiconductor device 100 is the same as the state of the 
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semiconductor device 100 in FIG. 3A except that the nodes 104 have different potentials 

The transistor 101 is off. 

[0072] 

Note that a low voltage is applied to the wiring 114 in (A) and (F) in FIG. 2, 

5 but a high voltage may be applied to the wiring 114 in (A) and (F) in FIG. 2. If a high 

voltage is applied to the wiring 114, when the state is changed from the state (E) to the 

state (F), i.e., when a high voltage is applied to the wiring 114, the voltage can be 

quickly changed in some cases. 

[0073] 

10 (Read Operation) 

Next, one example of operation for reading the voltage VI on the basis of 

electric charge written through the write operation is described. FIG. 4 is a timing 

diagram. FIGS. 5 A to 5D show operation of the semiconductor device 100. 

[0074] 

15 Operation for reading data is performed by a third step in which a high voltage 

is applied to the wiring 114 and a fourth step in which the application of the high 

voltage to the wiring 114 is stopped and a low voltage is applied to the wiring 112. By 

the fourth step, the voltage of the wiring 114 is changed from the high voltage to the 

voltage VI. 

20 [0075] 

FIG. 5 A shows a retention state of the semiconductor device 100. In FIG. 4, 

the retention state is shown by (A). 

[0076] . 

FIG. 5B shows a reading preparation state. In FIG. 4, the state is shown by 

25 (B). 

[0077] 

In the time t5, a high voltage (VDD) is applied to the wiring 114. The high 

voltage can be precharged to the wiring 114. The high voltage is the power supply 

voltage (VDD) here, but may be another voltage. The high voltage is preferably 

30 higher than VI. 

[0078] 

Note that the transistors 101 and 102 remain off from the retention state. 
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[0079] 

The high voltage is applied to the wiring 114, so that the third step is 

completed. 

[0080] 

5 FIGS. 5C and 5D show a read state. In FIG. 4, the state is shown by (C). 

[0081] 

In time 16, supply of the high voltage (VDD) to the wiring 114 is stopped (FIG. 

5C). At this time, the wiring 114 is electrically in a floating state from the precharged 

voltage. That is, the potential of the wiring 114 is easily changed by charge and 

10 discharge of electric charge. This floating state can be obtained by turning off the 

switch for supplying the potential of the wiring 114. 

[0082] 

In the time t6, a signal at a low voltage is input to the wiring 112. The 

potential of the node 104 is changed to V2 in writing data. As a result, current (Id) 

15 corresponding to the gate potential of the transistor 102 (V2) and the potential of the 

wiring 114 flows. Note that the low voltage input to the wiring 112 is preferably equal 

to the low voltage input to the wiring 112 in the write operation. 

[0083] 

The potential of the wiring 114 changes from the precharged high voltage 

20 (VDD) to VI in response to the gate voltage V2 (FIG. 5D). A potential difference 

between the gate and the source of the transistor 102 becomes smaller over time, and 

consequently, the transistor 102 is turned off. 

[0084] 

The wiring 114 is electrically connected to a discrimination circuit or the like to 

25 read VI. Accordingly, the voltage VI can be read. 

[0085] 

Application of the high voltage to the wiring 114 is stopped and the low 

voltage is applied to the wiring 112. Accordingly, the fourth step is completed. 

[0086] 

30 After data is read, in time t7, a signal at a high voltage is input to the wiring 

112. The high voltage is applied to the wiring 112, so that the potential of the node 
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104 is changed from V2 by the high voltage. Accordingly, the transistor 102 is turned 

off. 

[0087] 
A low voltage (GND) is applied to the wiring 114 by time t8. 

5 [0088] 
At the time t8, the state is the retention state. In FIG. 4, the state is shown by 

(E). The semiconductor device 100 is in the state shown in FIG. 5A. 

[0089] 
Note that a low voltage is applied to the wiring 114 in (A) and (E) in FIG. 4, 

10 but a high voltage may be applied to the wiring 114 in (A) and (E) in FIG. 4. If a high 
voltage is applied to the wiring 114, when the state is changed from the state (A) to the 

state (B), i.e., when VDD is applied to the wiring 114, the voltage can be quickly 

changed. 

[0090] 

15 Note that in the case where the potential of the node 104, that is, the potential 
applied to the gate of the transistor 102 is reset, for example, the low voltage is applied 

to the wiring 112 and a signal at a high voltage is input to the wiring 111. Accordingly, 
the transistor 101 is turned on, so that the node 104 is electrically connected to the 

wiring 113. Since GND is applied to the wiring 113, the potential of the node 104 is 

20 reset. 

[0091] 
In this embodiment, the potential (VI) applied to the wiring 114 in writing data 

serves as a reading potential. 

[0092] 
25 In a conventional technique, a read voltage has had a distribution. For 

example, owing to effects of variation in the threshold value of a reading transistor, or 

the like, an actual read voltage has been V1±AV even in the case where VI is to be read. 

That is, the read voltage has had the spread of AV. On the other hand, in this 

embodiment, a desired potential VI applied to the wiring 114 can be read. 

30 Accordingly, AV can be smaller, and thus, the spread of the distribution of the read 

voltage can be squeezed. 
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[0093] 
In the case where multi-bit data is stored to the semiconductor device 100, it is 

necessary to correctly write and read a predetermined voltage. Therefore, high 

accuracy is required. In this embodiment, it is possible to apply a predetermined 

5 potential and read the potential. Accordingly, in the case of storing multi-bit data, the 

semiconductor device 100 shows high retention characteristics and high reliability. 
[0094] 

A verify operation has been conventionally performed to check whether data is 

correctly written. On the other hand, in this embodiment, it is not necessary to 

10 perform a verify operation. Thus, high-speed operation can be achieved. 

[0095] 
This embodiment can be implemented in combination with any of the other 

embodiments in this specification as appropriate. 

[0096] 

15 (Embodiment 2) 
In this embodiment, one example of a semiconductor device capable of using a 

driving method which is described with reference to FIG. 1 will be described. 

Hereinafter description is made with reference to FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG. 10, 

FIG. 11, and FIG. 12. 

20 [0097] 
(Structure Example of Semiconductor Device) 

FIG. 6 is a block diagram of a structure example of a semiconductor device 200 
including the memory cell 100 described with reference to FIG. 1. 

[0098] 

25 The semiconductor device 200 illustrated in FIG. 6 includes a memory cell 
array 201 in which the plurality of memory cells 100 described with reference to FIG. 1 

are provided, a row selection driver 202, a column selection driver 203, and an A/D 

converter 204. Note that the semiconductor device 200 includes the memory cells 100 

arranged in a matrix with m rows and n columns. In FIG. 6, as the wiring 111, a 

30 wiring 111 [m—1] in the (w-l)th row and a wiring 111 [m] in the m-th row are provided. 

As the wiring 112, a wiring 112[m-l] in the (m-1 )th row and a wiring 112[m] in the 
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m-th row are provided. As the wiring 113, a wiring 113[/7— 1 ] in the (ft-l) column and 

a wiring 113[ri\ in the n-th column are provided. As the wiring 114, a wiring 114[«-1] 

in the («-1) column and a wiring 114[n] in the «-th column are provided. 

[0099] 

5 In the memory cell array 201 illustrated in FIG. 6, the memory cells 100 

described with reference to FIG. 1 are arranged in matrix. Note that the description of 
the components included in the memory cell 100 is the same as that in FIG. 1, and thus, 

is omitted. The description with reference to FIG. 1 is referred to. 

[0100] 

10 The row selection driver 202 is a circuit which has functions of selectively 
turning on the transistors 101 in each row of the memory cells 100 and selectively 

changing the potential of the node 104 in each row of the memory cells 100. 

Specifically, the row selection driver 202 is a circuit which supplies signals to the 
wirings 111 and supplies signals to the wirings 112. The row selection driver 202 

15 allows the semiconductor device 200 to write data to or read data from the memory cells 
100 in every selected row. 

[0101] 
The column selection driver 203 is a circuit^which has functions of precharging 

potentials of the wirings 113 and the wirings 114 in the memory cells 100, initializing 

20 the potentials of the wirings 113 and the wirings 114, and bringing the wirings 113 and 
the wirings 114 into an electrically floating state. The column selection driver 203 

allows the semiconductor device 200 to select a column to write data to or read data 
from the memory cells 100 in every selected column. 

[0102] 

25 The A/D converter 204 is a circuit which has functions of converting the 

potentials of the wirings 114, which are analog values, into digital values and outputting 

the digital values outside. Specifically, the A/D converter 204 is a circuit which 

includes a flash A/D converter. The A/D converter 204 allows the semiconductor 

device 200 to output the potential of the wiring 114 corresponding to data read from the 
30 memory cell 100 outside. 

[0103] 
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Note that the A/D converter 204 is described as a flash A/D converter. 

However, the A/D converter 204 may be a successive approximation A/D converter, a 

multi-slope A/D converter, or a delta-sigma A/D converter. 

[0104] 
5 (Structure Example of Row Selection Driver) 

FIG. 7 is a block diagram illustrating a structure example of the row selection 

driver 202 described with reference to FIG. 6. 

[0105] 
The row selection driver 202 illustrated in FIG. 7 includes a decoder 301 and a 

10 control circuit 302. The control circuit 302 is provided for each row in which the 
wiring 111 and the wiring 112 are provided. The control circuit 302[1] (R/W 

controller in FIG. 7) is provided in the first row. The control circuit 302[2] is provided 

in the second row. The control circuit 302 in each row is connected to the wiring 111 

and the wiring 112. 

15 [0106] 
The decoder 301 is a circuit which has a function of outputting a signal for 

selecting a row in which the wiring 111 and the wiring 112 are provided. 

[0107] 
The control circuit 302 is a circuit which has a function of outputting a signal 

20 to the row, which is selected by the decoder 301 and in which the wiring 111 and the 

wiring 112 are provided. 

[0108] 
(Structure Example of Column Selection Driver) 

FIG. 8 is a block diagram illustrating a structure example of the column 

25 selection driver 203 described with reference to FIG. 6. 

[0109] 
The column selection driver 203 illustrated in FIG. 8 includes a decoder 401, a 

latch circuit 402, a D/A converter 403, a switch circuit 404, a transistor 405, and the 
transistor 406. The latch circuit 402, the switch circuit 404, the transistor 405, and the 

30 transistor 406 are provided in each column. The switch circuit 404, the transistor 405, 

and the transistor 406 in each column are connected to the wiring 114. 

[0110] 
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The decoder 401 is a circuit which has functions of selecting a column in 

which the wiring 114 is provided and distributing input data to output the data. 

Specifically, the decoder 401 is a circuit to which an address signal "Address" and data 

"Data" are input and which outputs the data "Data" to the latch circuit 402 in a row in 

5 accordance with the address signal "Address". The decoder 401 allows the column 

selection driver 203 to select a predetermined column and write data to the column. 

[0111] 

Note that the data "Data" input to the decoder 401 is &-bit digital data. The 

k-bit digital data is a signal represented by binary data, in which every bit is represented 

10 by '1' or '0'. For example, 2-bit digital data is data represented by '00', '01', '10', 

or '11'. 

[0112] 

The latch circuit 402 is a circuit which has a function of temporarily storing the 

input data "Data". Specifically, the latch circuit 402 is a flip flop circuit to which a 

15 latch signal W_LAT is input and which stores the data "Data" in accordance with the 

latch signal W_LAT and outputs the data DATA to the D/A converter 403. The latch 

circuit 402 allows the column selection driver 203 to write data at arbitrary timing. 

[0113] 

The D/A converter 403 is a circuit which has a function of converting the data 

20 Data, which is a digital value to be input, into data Vdata, which is an analog value. 

Specifically, the D/A converter 403 is a circuit which converts, for example, the 3-bit 

data Data into one of eight potentials (potentials V0 to V7) and outputs the potential to 

the switch circuit 404. The D/A converter 403 allows the column selection driver 203 

to convert data written to the memory cell 100 into a potential corresponding to 

25 multilevel data. 

[0114] 

Note that Vdata output from the D/A converter 403 is data capable of being 

represented by different voltage values. In the case of 2-bit data, Vdata is data with 

four values of 0.5 V, 1.0 V, 1.5 V, and 2.0 V, for example, and is data represented by one 

30 of the voltage values. 

[0115] 
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The switch circuit 404 is a circuit which has functions of supplying the input 

data Vdata to the wiring 114 and bringing the wiring 114 into an electrically floating 

state. Specifically, the switch circuit 404 is a circuit which includes an analog switch 

and an inverter and which supplies the data Vdata to the wiring 114 in accordance with 

5 a switch control signal Write_SW, and then, the analog switch is turned off to bring the 

wiring 114 into an electrically floating state. The switch circuit 404 allows the column 

selection driver 203 to keep the wiring 114 in an electrically floating state after supply 

of the data Vdata to the wiring 114. 

[0116] 
10 The transistor 405 is a transistor which has functions of supplying a precharge 

voltage VDD to the wiring 114 and bringing the wiring 114 into an electrically floating 

state. Specifically, the transistor 405 is a switch which enables supply of the precharge 

voltage VDD to the wiring 114 by control with a precharge control signal Pre_EN and 

which brings the wiring 114 into an electrically floating state after the supply. The 
15 transistor 405 allows the column selection driver 203 to supply the precharge voltage 

VDD to the wiring 114, and then, to keep the wiring 114 in an electrically floating state. 

[0117] 
The transistor 406 is a transistor which has a function of supplying an 

initialization voltage GND to the wiring 114. Specifically, the transistor 406 is a 

20 switch which enables supply of the initialization voltage GND to the wiring 114 by 

control with an initialization control signal lnit_EN. The transistor 406 allows the 

column selection driver 203 to supply the initialization voltage GND to the wiring 114. 

[0118] 
Note that although not illustrated, the column selection driver 203 has 

25 functions of applying a precharge voltage (GND) to the wiring 113 and bringing the 

wiring 113 into an electrically floating state. These functions can be achieved by a 

structure similar to the structure of the wiring 114; therefore, the description of the 

wiring 114 is referred to. 

[0119] 
30 (Structure Example of A/D Converter) 
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FIG. 9 is a block diagram of a structure example of the A/D converter 204 
described with reference to FIG. 6. 

[0120] 

The A/D converter 204 illustrated in FIG. 9 includes a comparator 501, an 

5 encoder 502, a latch circuit 503, and a buffer 504. The comparator 501, the encoder 
502, the latch circuit 503, and the buffer 504 are provided in every column. The buffer 

504 in each column outputs data Dout. 

[0121] 
The comparator 501 is a circuit which has functions of comparing potential 

10 levels between the potential of the wiring 114 and reference voltages VrefO to Vref6 and 
determining whether the potential of the wiring 114 corresponds to one of multilevel 

data. Specifically, the comparator 501 is a circuit which includes the plurality of 

comparators, to which the potential of the wiring 114 and the different reference 

voltages VrefO to Vref6 are supplied, and is a circuit which determines whether the 

15 potential of the wiring 114 is between the potentials. The comparator 501 allows the 
A/D converter 204 to determine the potential of the wiring 114 corresponds to a 

potential of multilevel data. 

[0122] 
Note that as one example, the reference voltages VrefO to Vref6 shown in FIG. 

20 9 are potentials that are supplied in the case where multilevel data is 3-bit data, that is, 

8-level data. 

[0123] 
The encoder 502 is a circuit which has a function of generating a multibit 

digital signal on the basis of a signal for determining the potential of the wiring 114 
25 which is output from the comparator 501. Specifically, the encoder 502 is a circuit 

which encodes a H-level or L-level signal output from the plurality of comparators to 

generate a digital signal. The encoder 502 allows the A/D converter 204 to convert 

data read from the memory cell 100 into data having a digital value. 

[0124] 
30 The latch circuit 503 is a circuit which has a function of temporarily storing 

data of an input digital value. Specifically, the latch circuit 503 is a flip flop circuit to 
which a latch signal LAT is input and which outputs the data stored in accordance with 
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the latch signal LAT to the buffer 504. The latch circuit 503 allows the A/D converter 

204 to output data at arbitrary timing. Note that the latch circuit 503 can be omitted. 

[0125] 

The buffer 504 is a circuit which has functions of amplifying data output from 

5 the latch circuit 503 and outputting the amplified data as the output signal Dout. 

Specifically, the buffer 504 is a circuit which includes an even number of stages of 

inverter circuits. The buffer 504 allows the A/D converter 204 to reduce noise of a 

digital signal. Note that the buffer 504 can be omitted. 

[0126] 
10 (Specific Example of Driving Method of Semiconductor Device) 

FIG. 10 is a circuit diagram of memory cells in a semiconductor device. 

Timing diagrams of FIG. 11 and FIG. 12 show operation of the memory cells in FIG. 
10. 

[0127] 
15 In a semiconductor device 600 illustrated in FIG. 10, memory cells 100A to 

100D each having the same circuit structure as that of the memory cell described with 

reference to FIG. 1 are arranged in a matrix with two rows and two columns. In FIG. 

10, as the wiring 111, a wiring 111[1] in the first row and a wiring 111[2] in the second 

row are provided. As the wiring 112, a wiring 112[1 ] in the first row and a wiring 

20 112[2] in the second row are provided. As the wiring 113, a wiring 113[1] in the first 

column and a wiring 113[2] in the second column are provided. As the wiring 114, a 

wiring 114[1] in the first column and a wiring 114[2] in the second column are 
provided. 

[0128] 
25 The timing diagram of FIG. 11 shows operation in periods pi to p8 through 

which write of data is performed. The timing diagram of FIG. 12 shows operation in 

periods p9 to pi 6 through which read of data is performed. Note that FIG. 11 and FIG. 

12 show change in the voltages of the wiring 111 [1], the wiring 111 [2], the wiring 
112[1], the wiring 112[2], the wiring 113[1], the wiring 113[2], the wiring 114[1], and 

30 the wiring 114[2] in FIG. 10. 

[0129] 
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In the period pi shown in FIG. 11, the wiring 111 [ 1] is set at a H level, and the 

wiring 112[1 ] is set at a L level. Note that the other wirings (i.e., the wiring 111 [2], the 

wiring 112[2], the wiring 113[1], the wiring 113[2], the wiring 114[1], and the wiring 

114[2]) keep voltages in the previous period. The transistors 101 and the transistors 

5 102 in the memory cells 100A and 100B are turned on. 

[0130] 
Then, in the period p2 shown in FIG. 11, application of the voltages to the 

wiring 113[1] and the wiring 113[2] is stopped to bring the wirings into an electrically 

floating state. The voltage of the wiring 114[1] is set to V3. The voltage of the 
10 wiring 114[2] is set to V4. Note that the other wirings (i.e., the wiring lllfl], the 

wiring 111 [2], the wiring 112[ 1], and the wiring 112[2]) keep voltages in the previous 

period. 

[0131] 
The voltage of the wiring 113 [1 ] is changed owing to the voltage V3 of the 

15 wiring 114[ 1 ]. The voltage of the wiring 113 [2] is changed owing to the voltage V4 of 

the wiring 114[2]. Data corresponding to the voltage V3 is written to the node 104 in 

the memory cell 100A. Data corresponding to the voltage V4 is written to the node 

104 in the memory cell 100B. 

[0132] 
20 Next, in the period p3 shown in FIG. 11, the potential of the wiring 111 [1] is 

set to a L level. Note that the other wirings (i.e., the wiring 111 [2], the wiring 112[1], 

the wiring 112[2], the wiring 113[1], the wiring 113[2], the wiring 114[1], and the 
wiring 114[2]) keep voltages in the previous period. The transistors 101 in the 

memory cells 100A and 100B are turned off. 

25 [0133] 
Then, in the period p4 shown in FIG. 11, the potential of the wiring 112[1] is 

set to a H level. The voltages of the wiring 113[1], the wiring 113[2], the wiring 

114[1], and the wiring 114[2] are made to be a low voltage (GND). Note that the other 
wirings (i.e., the wiring 111 [1 ], the wiring 111[2], and the wiring 112[2]) keep voltages 

30 in the previous period. The transistors 102 in the memory cells 100A and 100B are 

turned off. 

[0134] 
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Next, in the period p5 shown in FIG. 11, the potential of the wiring 111 [2] is 
set to a H level and the potential of the wiring 112[2] is set to a L level. Note that the 

other wirings (i.e., the wiring 111[1],'the wiring 112[1], the wiring 113[1], the wiring 
113[2], the wiring 114[1], and the wiring 114[2]) keep voltages in the previous period. 

5 The transistors 101 and the transistors 102 in the memory cells 100C and 100D are 

turned on. 

[0135] 
Then, in the period p6 shown in FIG. 11, application of voltages to the wiring 

113[ 1 ] and the wiring 113[2] is stopped to bring the wirings into an electrically floating 

10 state. The voltage of the wiring 114[1] is set to V4. The voltage of the wiring 114[2] 
is set to V3. Note that the other wirings (i.e., the wiring 111 [1], the wiring 111 [2], the 

wiring 112[1], and the wiring 112[2]) keep voltages in the previous period. 

[0136] 
The voltage of the wiring 113[ 1 ] is changed owing to the voltage V4 of the 

15 wiring 114[1]. The voltage of the wiring 113[2] is changed owing to the voltage V3 of 
the wiring 114[2], Data corresponding to the voltage V4 is written to the node 104 in 

the memory cell 100C. Data corresponding to the voltage V3 is written to the node 

104 in the memory cell 100D. 

[0137] 
20 Next, in the period p7 shown in FIG. 11, the potential of the wiring 111 [2] is 

set to a L level. Note that the other wirings (i.e., the wiring 111 [1 ], the wiring 112[1], 

the wiring 112[2], the wiring 113[1], the wiring 113[2], the wiring 114[1], and the 

wiring 114[2]) keep voltages in the previous period. The transistors 101 in the 

memory cells 100C and 100D are turned off. 

25 [0138] 
Then, in the period p8 shown in FIG. 11, the potential of the wiring 112[2] is 

set to a H level. The voltages of the wiring 113[1], the wiring 113[2], the wiring 

114[ 1 ], and the wiring 114[2] are made to be a low voltage (GND). Note that the other 

wirings (i.e., the wiring 111 [1], the wiring 111[2], and the wiring 112[1]) keep voltages 
30 in the previous period. The transistors 102 in the memory cells 100C and 100D are 

turned off. 

[0139] 
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As a result of writing data in the periods pi to p8, data corresponding to the 
voltage V3 is written to the memory cells lOOAand 100D illustrated in FIG. 10 and data 

corresponding to the voltage V4 is written to the memory cells 100B and 100C 

illustrated in FIG. 10. 

5 [0140] 

In the period p9 shown in FIG. 12, the wiring 114[ 1 ] and the wiring 114[2] are 

supplied with a precharge voltage (here, VDD). Note that the other wirings (i.e., the 

wiring 111 [1], the wiring 111[2], the wiring 112[1], the wiring 112[2], the wiring 113[ 1], 
and the wiring 113[2]) keep voltages in the previous period. 

10 [0141] 
Then, in the period plO shown in FIG. 12, application of the voltages to the 

wiring 114[1] and the wiring 114[2] is stopped to bring the wirings into an electrically 

floating state. The wiring 112[1 ] is set at a L level. The transistors 102 in the 
memory cells 100A and 100B are turned on. Then, the voltages of the wiring 114[1] 

15 and the wiring 114[2] are decreased owing to a voltage corresponding to data written to 
the memory cells 100A and 100B. The other wirings (i.e., the wiring 111 [ 1 ], the 

wiring 111[2], the wiring 112[2], the wiring 113[1], and the wiring 113[2]) keep 

voltages in the previous period. Note that the voltage at a L level input to the wiring 

112[1] is preferably equal to the voltage at the L level input to the wiring 112[1 ] in the 

20 write operation. 

[0142] 
Next, in the period pll shown in FIG. 12, decrease in voltages of the wiring 

114[1] and the wiring 114[2] in the period plO is stopped, so that voltages of the wiring 

114[1] and the wiring 114[2] become the voltage V3 and the voltage V4, respectively. 

25 Note that the other wirings (i.e., the wiring 111 [1 ], the wiring 111 [2], the wiring 112[1], 

the wiring 112[2], the wiring 113[1], and the wiring 113[2]) keep voltages in the 

previous period. 

[0143] 
Next, in the period pl2 shown in FIG. 12, the potential of the wiring 112[1 ] is 

30 set to a H level. Note that the other wirings (i.e., the wiring 111 [1], the wiring 111 [2], 

the wiring 112[2], the wiring 113[1], the wiring 113[2], the wiring 114[1], and the 
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wiring 114[2]) keep voltages in the previous period. The transistors 102 in the 

memory cells 100A and 100B are turned off. 

[0144] 

In the period p 13 shown in FIG. 12, the wiring 114[ 1 ] and the wiring 114[2] 

5 are supplied with the precharge voltage VDD. Note that the other wirings (i.e., the 

wiring 111 [1], the wiring 111 [2], the wiring 112[1], the wiring 112[2], the wiring 113[1], 

and the wiring 113 [2]) keep voltages in the previous period. 

[0145] 

Then, in the period pl4 shown in FIG. 12, application of the voltages to the 

10 wiring 114[ 1] and the wiring 114[2] is stopped to bring the wirings into an electrically 

floating state. The wiring 112[2] is set at a L level. The transistors 102 in the 

memory cells 100C and 100D are turned on. Then, the voltages of the wiring 114[ 1] 

and the wiring 114[2] are decreased owing to a voltage corresponding to data written to 

the memory cells 100C and 100D. The other wirings (i.e., the wiring 111 [1 ], the 

15 wiring 111 [2], the wiring 112[1], the wiring 113[1], and the wiring 113[2]) keep 

voltages in the previous period. Note that the voltage at a L level input to the wiring 

112[2] is preferably equal to the voltage at the L level input to the wiring 112[2] in the 

write operation. 

[0146] 

20 Next, in the period p 15 shown in FIG. 12, decrease in voltages of the wiring 

114[1 ] and the wiring 114[2] in the period pl4 is stopped, so that voltages of the wiring 

114[1] and the wiring 114[2] become the voltage V4 and the voltage V3, respectively. 

Note that the other wirings (i.e., the wiring 111[1], the wiring 111 [2], the wiring 112[1], 

the wiring 112[2], the wiring 113[1], and the wiring 113[2]) keep voltages in the 

25 previous period. 

[0147] 

Then, in the period p 16 shown in FIG. 12, the potential of the wiring 112[2] is 

set to a H level. Note that the other wirings (i.e., the wiring 111 [1 ], the wiring 111 [2], 

the wiring 112[1], the wiring 113[1], the wiring 113[2], the wiring 114[1], and the 

30 wiring 114[2]) keep voltages in the previous period. The transistors 102 in the 

memory cells 100C and 100D are turned off. 

[0148] 
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As a result of writing data in the periods p9 to pi 6, data corresponding to the 

voltage V3 is read from the memory cell 100A and 100D illustrated in FIG. 10 and data 
corresponding to the voltage V4 is read from the memory cells 100B and 100C 

illustrated in FIG. 10. 
5 [0149] 

The structure described above in this embodiment can be combined as 

appropriate with any of the structures described in the other embodiments. 

[0150] 

(Embodiment 3) 
10 FIG. 13A illustrates a semiconductor device 130. The semiconductor device 

130 includes the transistor 101, the transistor 102, the capacitor 103, and a transistor 

107. 

[0151] 

The semiconductor device 130 is different from the semiconductor device 100 

15 (FIG. 1) in that the transistor 107 is included and a reference potential (GND) from a 
reference potential terminal is applied to the other electrode of the capacitor 103. Note 

that a power supply potential (VSS) from a power supply potential terminal or another 

potential, which is not the reference potential, may be applied to the other electrode of 

the capacitor 103. 

20 [0152] 

The transistor 107 is a p-channel transistor. A layer containing various 

materials such as an oxide semiconductor and silicon can be used for a region in which 

a channel of the transistor 107 is formed. 
[0153] 

25 A gate of the transistor 107 is electrically connected to a wiring 115. The 

wiring 115 can function as a word line. 

[0154] 

One of a source and a drain of the transistor 107 is electrically connected to the 
other of the source and the drain of the transistor 102. 

30 [0155] 
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The other of the source and the drain of the transistor 107 is electrically 

connected to the wiring 113. The other of the source and the drain of the transistor 107 

is electrically connected to the one of the source and the drain of the transistor 101. 

[0156] 

5 Note that as in a semiconductor device 135, the transistor 107 may be provided 

between the transistor 102 and the wiring 114 (FIG. 13B). In the semiconductor 

device 135, the one of the source and the drain of the transistor 107 is electrically 

connected to the wiring 114, and the other of the source and the drain of the transistor 
107 is electrically connected to the one of the source and the drain of the transistor 102. 

10 [0157] 
The other of the source and the drain of the transistor 102 is electrically 

connected to the wiring 113. The other of the source and the drain of the transistor 102 

is electrically connected to the one of the source and the drain of the transistor 101. 

[0158] 

15 Operation of writing data to the semiconductor device 130 and operation of 
reading data from the semiconductor device 130 will be described. 

[0159] 

(Write Operation) 

First, one example of the write operation is described. FIG. 14 is a timing 

20 diagram. FIGS. 15A to 15E illustrate operation of the semiconductor device 130. As 
one example, a voltage to be read is referred to as VI, and operation of writing data by 

changing the potential of a node 104 (the gate potential of the transistor 102) to V5 is 

described. Since various voltages need to be applied in storing multi-bit data, it is 

advantageous in that VI can be set freely. 

25 [0160] 
Operation of writing data is performed by a first step and a second step. In 

the first step, a low voltage is applied to the wirings 113 and 114, a high voltage is 

applied to the wiring 111 to turn on the transistor 101 and thereby turning on the 
transistor 102, and a low voltage is applied to the wiring 115 to turn on the transistor 

30 107. In the second step, the voltage VI is applied to the wiring 114, and the 

application of the low voltage to the wiring 113 is stopped. 

[0161] 
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Owing to the second step, the potential V5 corresponding to data (the voltage 

VI) is applied to the node 104 from the wiring 114 through the source and the drain of 
the transistor 102, the source and the drain of the transistor 107, the wiring 113, and the 

source and the drain of the transistor 101. Then, the potential V5 is applied to the gate 
5 of the transistor 102. Electric charge corresponding to V5 is accumulated in the 

capacitor 103. 
[0162] 

FIG. 15A shows an initial state of the semiconductor device 130. In FIG. 14, 

the initial state is shown by (A). 

10 [0163] 
A signal at a low voltage is input to the wiring 111, and thus, the transistor 101 

is off. 

[0164] 
A signal at a high voltage is input to the wiring 115, and thus, the transistor 107 

15 is off. 
[0165] 

A low voltage such as a reference potential is applied to the other electrode of 

the capacitor 103. A voltage corresponding to the capacitance value of the capacitor 

103 is applied to the node 104. 

20 [0166] 

A low voltage (GND) is applied to the wirings 113 and 114. Accordingly, the 

low voltage can be precharged to the wirings 113 and 114. The low voltage is the 

reference voltage (GND) here but may be a power supply voltage (VSS) or another 

voltage. 

25 [0167] 
FIG. 15B shows a writing preparation state. In FIG. 14, the state is shown by 

(B). 

[0168] 
In time tl, a signal at a high voltage is input to the wiring 111, and thus, the 

30 transistor 101 is turned on. 

[0169] 
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The transistor 101 is turned on, so that the wiring 113 and the node 104 are 
electrically connected. The potential of the wiring 113 is applied to the node 104, 

which results in turning on the transistor 102. 

[0170] 

5 In the time tl, a signal at a low voltage is input to the wiring 115. The 

transistor 107 is turned on. The low voltage is a voltage at which the transistor 107 is 

turned on. The low voltage may be a reference voltage (GND), the power supply 

voltage (VSS), or another voltage. 

[0171] 
10 A low voltage is applied to the wirings 113 and 114, and the transistors 101, 

102, and 107 are turned on. The first step is completed. 

[0172] 

FIGS. 15C and 15D show a write state. In FIG. 14, the state is shown by (C) 

and (D). 

15 [0173] 
In time t2, the voltage VI is applied to the wiring 114 (FIG. 15C). The 

voltage VI is a voltage to be read by a read operation. The level of VI can be set 

freely depending on data to be written. 

[0174] 

20 In the time t2, supply of the low voltage (GND) to the wiring 113 is stopped 

(FIG. 15C). At this time, the wiring 113 is electrically in a floating state from the 

precharged voltage. That is, the potential of the wiring 113 is easily changed by 
charge or discharge of electric charge. This floating state can be obtained by turning 
off the switch for supplying the potential of the wiring 113. 

25 [0175] 

Since the transistors 107 and 102 are on, the wiring 113 is electrically 

connected to the wiring 114. The voltage of the wiring 113 is changed from the 

precharged low voltage (GND) to V5' (FIG. 15D). Note that the difference between 

V5' and VI is about the threshold voltages of the transistors 102 and 107 (VI > V5'). 

30 [0176] 
Since the transistor 101 is on, data is written to the node 104 (the gate of the 

transistor 102) from the wiring 114 through the source and the drain of the transistor 
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102, the source and the drain of the transistor 107, the wiring 113, and the source and 

the drain of the transistor 101. Electric charge is accumulated in the capacitor 103. 

The potential of the node 104 is changed to V5. 

[0177] 
5 The potential of the node 104 is changed to V5, and accordingly, a potential 

difference between the gate of the transistor 102 and the source of the transistor 102 

becomes small; as a result, current (Id) flowing between the source and the drain of the 

transistor 102 becomes low. The transistor 102 is lastly turned off. 

[0178] 
10 In the semiconductor device 130, VI, V5', and V5 are applied to the wiring 114, 

the wiring 113, and the node 104, respectively. 

[0179] 
The voltage VI is applied to the wiring 114 and the application of the low 

voltage to the wiring 113 is stopped, so that the second step is completed. 

15 [0180] 
Through the above steps, the voltage VI to be read is applied to the wiring 114 

and the potential of the node 104 is changed to V5, so that the write operation is 

completed. 

[0181] 
20 FIG. 15E shows a state after the write operation and before data retention. In 

FIG. 14, the state is shown by (E). 

[0182] 
In time t3, a signal at a low voltage is input to the wiring 111. The transistor 

101 is turned off. The node 104 and the wiring 113 are electrically disconnected. 
25 The transistor 101 has a characteristic of extremely low off-state current, and therefore, 

the potential (V5) of the node 104 is retained. 

[0183] 

By time t4, the high voltage starts to be applied to the wiring 115, and the low 

voltage (GND) starts to be applied to the wirings 113 and 114. 

30 [0184] 
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The high voltage is applied to the wiring 115, so that the transistor 107 is 

turned off. The high voltage may be a potential at which the transistor 107 is turned 

off. 

[0185] 
5 In the time t4, the state becomes the retention state. In FIG. 14, the state is 

shown by (F). The state of the semiconductor device 130 is the same as the state of the 

semiconductor device 130 in FIG. 15A except for the potential of the nodes 104 (V5). 

The transistors 101 and 107 are off. 

[0186] 
10 Note that a low voltage is applied to the wiring 114 in (A) and (F) in FIG. 14, 

but a high voltage may be applied to the wiring 114 in (A) and (F) in FIG. 14. If a 

high voltage is applied to the wiring 114, when the state is changed from the state (E) to 

the state (F), i.e., when a high voltage is applied to the wiring 114, the voltage can be 

quickly changed in some cases. 

15 [0187] 

(Read Operation) 
Next, one example of operation for reading the voltage VI on the basis of 

electric charge written through the write operation is described. FIG. 16 is a timing 

diagram. FIGS. 17A to 17D show operation of the semiconductor device 130. 

20 [0188] 
Operation for reading data is performed by a third step in which a high voltage 

is applied to the wiring 114 and a fourth step in which the application of the high 

voltage to the wiring 114 is stopped and a low voltage is applied to the wiring 115 to 

turn on the transistor 107. By the fourth step, the voltage of the wiring 114 is changed 

25 from the high voltage to the voltage VI. 

[0189] 
FIG. 17A shows a retention state of the semiconductor device 130. In FIG. 16, 

the retention state is shown by (A). 

[0190] 
30 FIG. 17B shows a reading preparation state. In FIG. 16, the state is shown by 

(B). 

[0191] 
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In the time t5, a high voltage (VDD) is applied to the wiring 114. The high 

voltage can be precharged to the wiring 114. 

[0192] 
Note that the transistors 101 and 107 remain off from the retention state. 

5 [0193] 
The high voltage is applied to the wiring 114, so that the third step is 

completed. 

[0194] 
FIGS. 17C and 17D show a read state. In FIG. 16, the state is shown by (C). 

10 [0195] 
In time t6, supply of the high voltage (VDD) to the wiring 114 is stopped (FIG. 

17C). At this time, the wiring 114 is electrically in a floating state from the precharged 

voltage. That is, the potential of the wiring 114 is easily changed by charge and 

discharge of electric charge. This floating state can be obtained by turning off the 

15 switch for supplying the potential of the wiring 114. 

[0196] 
In the time t6, a signal at a low voltage is input to the wiring 115. The 

transistor 107 is turned on. 

[0197] 
20 The voltage V5 is applied to the gate of the transistor 102. The transistor 102 

is turned on. The potential of the wiring 114 changes from the precharged high 

voltage (VDD) to VI in response to the gate voltage V5 (FIG. 17D). A potential 

difference between the gate and the source of the transistor 102 becomes smaller over 
time, and consequently, the transistor 102 is turned off. 

25 [0198] 
The wiring 114 is electrically connected to a discrimination circuit or the like to 

read VI. Accordingly, the voltage VI can be read. 

[0199] 
Application of the high voltage to the wiring 114 is stopped and the transistor 

30 107 is turned on. Accordingly, the fourth step is completed. 

[0200] 
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After data is read, in time t7, a signal at a high voltage is input to the wiring 
115. Accordingly, the transistor 107 is turned off ((D) in FIG. 16). 

[0201] 

A low voltage (GND) is applied to the wiring 114 by time t8 ((D) in FIG. 16). 

5 [0202] 

At the time t8, the state is the retention state. In FIG. 16, the state is shown by 

(E). The semiconductor device 130 is in the state shown in FIG. 17A. 

[0203] 
Note that a low voltage is applied to the wiring 114 in (A) and (E) in FIG. 16, 

10 but a high voltage may be applied to the wiring 114 in (A) and (E) in FIG. 16. If a 

high voltage is applied to the wiring 114, when the state is changed from the state (A) to 

the state (B), i.e., when VDD is applied to the wiring 114, the voltage can be quickly 
changed. 

[0204] 

15 Note that in the case where the potential of the node 104, that is, the voltage 
applied to the gate of the transistor 102 is reset, for example, a signal at a high voltage is 

input to the wiring 111. Accordingly, the transistor 101 is turned on, so that the node 

104 is electrically connected to the wiring 113. Since GND is applied to the wiring 
113, the potential of the node 104 is reset. 

20 [0205] 

In the semiconductor device 130, the potential (VI) applied to the wiring 114 
in writing data serves as a reading potential. 
[0206] 

The semiconductor device 130 can attain an effect in Embodiment 1, like the 
25 semiconductor device 100. Further, a capacitance of the wiring 115 electrically 

connected to the transistor 107 in the semiconductor device 130 can be smaller than a 

capacitance of the wiring 112 electrically connected to the capacitor 103 in the 

semiconductor 100; therefore, power consumption of the semiconductor device 130 can 
be smaller. 

30 [0207] 
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Operation of the semiconductor device 135 shown in FIG. 13B is the same as 
that of the semiconductor device 130; therefore, the description of the operation of the 

semiconductor device 130 is referred to. 

[0208] 

5 This embodiment can be implemented in combination with any of the other 
embodiments in this specification as appropriate. 
[0209] 

(Embodiment 4) 

FIG. 18 illustrates a semiconductor device 140. The semiconductor device 
10 140 includes the transistor 101, a transistor 106, and the capacitor 103. 

[0210] 

The semiconductor device 140 is different from the semiconductor device 100 
(FIG. 1) in that the transistor 106 is an n-channel transistor. 

[0211] 

15 A layer containing various materials such as an oxide semiconductor and 
silicon can be used for a region in which a channel of the transistor 106 is formed. 

[0212] 

Connections of the transistor 102, the transistor 101, and the like to other 

elements are referred to as connections of the transistor 106, the transistor 101, and the 
20 like to other elements. 

[0213] 

Operation of writing data to the semiconductor device 140 and operation of 
reading data from the semiconductor device 140 will be described. 

[0214] 

25 (Write Operation) 

First, one example of the write operation is described. FIG. 19 is a timing 

diagram. FIGS. 20A to 20E illustrate operation of the semiconductor device 140. As 

one example, a voltage to be read is referred to as VI, and operation of writing data by 
changing the potential of a node 104 (the gate potential of the transistor 106) to V7 is 

30 described. Since various voltages need to be applied in storing multi-bit data, it is 

advantageous in that VI can be set freely. 

[0215] 
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Operation of writing data is performed by a first step and a second step. In 

the first step, a high voltage is applied to the wirings 113 and 114, a high voltage is 

applied to the wiring 111 to turn on the transistor 101, and a high voltage is applied to 

the wiring 112 to turn on the transistor 106. In the second step, the voltage VI is 

5 applied to the wiring 114, and the application of the high voltage to the wiring 113 is 

stopped. 

[0216] 

Owing to the second step, a potential V7 corresponding to data (the voltage 

VI) is applied to the node 104 from the wiring 114 through the source and the drain of 

10 the transistor 106, the wiring 113, and the source and the drain of the transistor 101. 

Then, the potential V7 is applied to the gate of the transistor 106. Electric charge 

corresponding to V7 is accumulated in the capacitor 103. 

[0217] 

FIG. 20A shows an initial state of the semiconductor device 140. In FIG. 19, 

15 the initial state is shown by (A). 

[0218] 

A signal at a low voltage is input to the wiring 111, and thus, the transistor 101 

is off. 

[0219] 

20 A signal at a low voltage is input to the wiring 112. A voltage corresponding 

to the capacitance value of the capacitor 103 is applied to the node 104. 

[0220] 

A high voltage (VDD) is applied to the wirings 113 and 114. Accordingly, the 

high voltage can be precharged to the wirings 113 and 114. The high voltage is the 

25 power supply voltage (VDD) here but may be another voltage. 

[0221] 

FIG. 20B shows a writing preparation state. In FIG. 19, the state is shown by 

(B). 

[0222] 

30 In time tl, a signal at a high voltage is input to the wiring 111, and thus, the 

transistor 101 is turned on. 

[0223] 
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The transistor 101 is turned on, so that the wiring 113 and the node 104 are 

electrically connected. The potential of the node 104 is increased to be the high 

voltage (VDD). 

[0224] 

5 In the time tl, a signal at a high voltage is input to the wiring 112. A voltage 

corresponding to the capacitance value of the capacitor 103 is applied to the node 104. 

The transistor 101 is turned on and a high voltage is applied to the wiring 112, so that 

the transistor 106 is turned on. The high voltage is a voltage at which the transistor 

106 is turned on. The high voltage may be the power supply voltage (VDD) or another 

10 voltage. 

[0225] 

A high voltage is applied to the wirings 113 and 114, so that the transistors 101 

and 106 are turned on. The first step is completed. 

[0226] 

15 FIGS. 20C and 20D show a write state. In FIG. 19, the state is shown by (C) 

and (D). 

[0227] 

In time t2, the voltage VI is applied to the wiring 114 (FIG. 20C). The 

voltage VI is a voltage to be read by a read operation. The level of VI can be set 

20 freely depending on data to be written. 

[0228] 

In the time t2, supply of the high voltage (VDD) to the wiring 113 is stopped 

(FIG. 20C). At this time, the wiring 113 is electrically in a floating state from the 

precharged voltage. That is, the potential of the wiring 113 is easily changed by 

25 charge or discharge of electric charge. This floating state can be obtained by turning 

off the switch for supplying the potential of the wiring 113. 

[0229] 

Since the transistor 106 is on, the wiring 113 is electrically connected to the 

wiring 114. The voltage of the wiring 113 is changed from the precharged high 

30 voltage (VDD) to V7' (FIG. 20D). Note that the difference between V7' and VI is 

about the threshold voltage of the transistor 106. 

[0230] 
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Since the transistor 101 is on, data is written to the node 104 (the gate of the 

transistor 106) from the wiring 114 through the source and the drain of the transistor 

106, the wiring 113, and the source and the drain of the transistor 101. Electric charge 

is accumulated in the capacitor 103. The potential of the node 104 is changed to V7. 

5 [0231] 
The potential of the node 104 is changed to V7, and accordingly, a potential 

difference between the gate of the transistor 106 and the source of the transistor 106 

becomes small; as a result, current (Id) flowing between the source and the drain of the 
transistor 106 becomes low. The transistor 106 is lastly turned off. 

10 [0232] 
In the semiconductor device 140, VI, V7', and V7 are applied to the wiring 114, 

the wiring 113, and the node 104, respectively. 

[0233] 
The voltage VI is applied to the wiring 114 and the application of the high 

15 voltage to the wiring 113 is stopped, so that the second step is completed. 

[0234] 
Through the above steps, the voltage VI to be read is applied to the wiring 114 

and the potential of the node 104 is changed to V7, so that the write operation is 

completed. 

20 [0235] 
FIG. 20E shows a state after the write operation and before data retention. In 

FIG. 19, the state is shown by (E). 

[0236] 
In time t3, a signal at a low voltage is input to the wiring 111. The transistor 

25 101 is turned off. The node 104 and the wiring 113 are electrically disconnected. 

The transistor 101 has a characteristic of extremely low off-state current, and therefore, 

the potential (V7) of the node 104 is retained. 

[0237] 
By time t4, the low voltage is applied to the wiring 112, and the high voltage 

30 (VDD) is applied to the wirings 113 and 114. 

[0238] 
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The low voltage is applied to the wiring 112, so that the potential of the node 
104 is changed from V7 to a voltage at which the transistor 106 is turned off. 

[0239] 
In the time t4, the state becomes the retention state. In FIG. 19, the state is 

5 shown by (F). The state of the semiconductor device 140 is the same as the state of the 

semiconductor device 140 in FIG. 20A except that the nodes 104 have different 

potentials. The transistor 101 is off. 

[0240] 
Note that a high voltage is applied to the wiring lM in (A) and (F) in FIG. 19, 

10 but a low voltage may be applied to the wiring 114 in (A) and (F) in FIG. 19. If a low 

voltage is applied to the wiring 114, when the state is changed from the state (E) to the 

state (F), i.e., when a low voltage is applied to the wiring 114, the voltage can be 

quickly changed in some cases. 

[0241] 

15 (Read Operation) 
Next, one example of operation for reading the voltage VI on the basis of 

electric charge written through the write operation is described. FIG. 21 is a timing 

diagram. FIGS. 22A to 22D show operation of the semiconductor device 140. 

[0242] 
20 Operation for reading data is performed by a third step in which a low voltage 

is applied to the wiring 114 and a fourth step in which the application of the low voltage 

to the wiring 114 is stopped and a high voltage is applied to the wiring 112. By the 
fourth step, the voltage of the wiring 114 is changed from the low voltage to the voltage 

VI. 
25 [0243] 

FIG. 22A shows a retention state of the semiconductor device 140. In FIG. 21, 

the retention state is shown by (A). 

[0244] 
FIG. 22B shows a reading preparation state. In FIG. 21, the state is shown by 

30 (B). 

[0245] 
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In the time t5, a low voltage (GND) is applied to the wiring 114. The low 
voltage can be precharged to the wiring 114. Here, GND is applied to the wiring 114. 

However, the power supply voltage (VSS) or another voltage may be applied thereto. 

[0246] 

5 Note that the transistors 101 and 106 remain off from the retention state. 

[0247] 

The low voltage is applied to the wiring 114, so that the third step is completed. 

[0248] 
FIGS. 22C and 22D show a read state. In FIG. 21, the state is shown by (C). 

10 [0249] 

In time t6, supply of the low voltage (GND) to the wiring 114 is stopped (FIG. 

22C). At this time, the wiring 114 is electrically in a floating state from the precharged 

voltage. That is, the potential of the wiring 114 is easily changed by charge and 
discharge of electric charge. This floating state can be obtained by turning off the 

15 switch for supplying the potential of the wiring 114. 

[0250] 

In the time t6, a signal at a high voltage is input to the wiring 112. The 

potential of the node 104 is changed to V7 in writing data. As a result, current (Id) 

corresponding to the gate potential of the transistor 106 (V7) and the potential of the 

20 wiring 114 flows. Note that the high voltage input to the wiring 112 is preferably 

equal to the high voltage input to the wiring 112 in the write operation. 

[0251] 
The potential of the wiring 114 changes from the precharged low voltage 

(GND) to VI in response to the gate voltage V7 (FIG. 22D). A potential difference 

25 between the gate and the source of the transistor 106 becomes smaller over time, and 
consequently, the transistor 106 is turned off. 

[0252] 

The wiring 114 is electrically connected to a discrimination circuit or the like to 
read V1. Accordingly, the voltage V1 can be read. 

30 [0253] 

Application of the low voltage to the wiring 114 is stopped and the high 

voltage is applied to the wiring 112. Accordingly, the fourth step is completed. 
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[0254] 

After data is read, in time t7, a signal at a low voltage is input to the wiring 112. 
The low voltage is applied to the wiring 112, so that the potential of the node 104 is 

changed from V7 by the low voltage. Accordingly, the transistor 106 is turned off. 

5 [0255] 

A high voltage (VDD) is applied to the wiring 114 by time t8. 
[0256] 

At the time t8, the state is the retention state. In FIG. 21, the state is shown by 
(E). The semiconductor device 140 is in the state shown in FIG. 22A. 

10 [0257] 

Note that a high voltage is applied to the wiring 114 in (A) and (E) in FIG. 21, 

but a low voltage may be applied to the wiring 114 in (A) and (E) in FIG. 21. If a low 

voltage is applied to the wiring 114, when the state is changed from the state (A) to the 

state (B), i.e., when GND is applied to the wiring 114, the voltage can be quickly 
15 changed. 

[0258] ' 

Note-that- in the case where the potential of the node 104, that is, the potential 

applied to the gate of the transistor 106 is reset, for example, the high voltage is applied 

to the wiring 112, the low voltage such as GND is applied to the wiring 113, and a 

20 signal at a high voltage is input to the wiring 111. Accordingly, the transistor 101 is 

turned on, so that the node 104 is electrically connected to the wiring 113. Since GND 
is applied to the wiring 113, the potential of the node 104 is reset. 

[0259] 

In the semiconductor device 140, the potential (VI) applied to the wiring 114 
25 in writing data serves as a reading potential. 

[0260] 

The semiconductor device 140 can attain an effect in Embodiment 1, like the 

semiconductor device 100. 
[0261] 

30 This embodiment can be implemented in combination with any of the other 

embodiments in this specification as appropriate. 

[0262] 
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(Embodiment 5) 
FIG. 23A illustrates a semiconductor device 150. The semiconductor device 

150 includes the transistor 101, the transistor 106, the capacitor 103, and a transistor 

108. 

5 [0263] 

The semiconductor device 150 is different from the semiconductor device 100 
(FIG. 1) in that the transistor 106 is included instead of the transistor 102. The 

semiconductor device 150 includes the transistor 108 and a reference potential (GND) 

from a reference potential terminal is applied to the other electrode of the capacitor 103. 

10 Note that a power supply potential (VSS) from a power supply potential terminal or 

another potential, which is not the reference potential, may be applied to the other 
electrode of the capacitor 103. 

[0264] 

The transistor 106 provided instead of the transistor 102 is an n-channel 

15 transistor. A layer containing various materials such as an oxide semiconductor and 
silicon can be used for a region in which a channel of the transistor 106 is formed. 

[0265] 

Connections of the transistor 102, the transistor 101, and the like to other 
elements are referred to as connections of the transistor 106, the transistor 101, and the 

20 like to other elements. 
[0266] 

The transistor 108 is an n-channel transistor. A layer containing various 

materials such as an oxide semiconductor and silicon can be used for a region in which 

a channel of the transistor 108 is formed. 

25 [0267] 
A gate of the transistor 108 is electrically connected to a wiring 115. The 

wiring 115 can function as a word line. 

[0268] 
One of a source and a drain of the transistor 108 is electrically connected to the 

30 other of the source and the drain of the transistor 106. 

[0269] 
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The other of the source and the drain of the transistor 108 is electrically 
connected to the wiring 113. The other of the source and the drain of the transistor 108 

is electrically connected to the one of the source and the drain of the transistor 101. 

[0270] 
5 Note that as in a semiconductor device 155, the transistor 108 may be provided 

between the transistor 106 and the wiring 114 (FIG. 23B). In the semiconductor 

device 155, the one of the source and the drain of the transistor 108 is electrically 

connected to the wiring 114, and the other of the source and the drain of the transistor 
108 is electrically connected to the one of the source and the drain of the transistor 106. 

10 [0271] 
The other of the source and the drain of the transistor 106 is electrically 

connected to the wiring 113 . The other of the source and the drain of the transistor 106 
is electrically connected to the one of the source and the drain of the transistor 101. 

[0272] 

15 Operation of writing data to the semiconductor device 150 and operation of 
reading data from the semiconductor device 150 will be described. 

[0273] 
(Write Operation) 

First, one example of the write operation is described. FIG. 24 is a timing 

20 diagram. FIGS. 25A to 25E illustrate operation of the semiconductor device 150. As 

one example, a voltage to be read is referred to as VI, and operation of writing data by 

changing the potential of a node 104 (the gate potential of the transistor 106) to V9 is 
described. Since various voltages need to be applied in storing multi-bit data, it is 
advantageous in that VI can be set freely. 

25 [0274] 
Operation of writing data is performed by a first step and a second step. In 

the first step, a high voltage is applied to the wirings 113 and 114, a high voltage is 

applied to the wiring 111 to turn on the transistor 101 and thereby turning on the 

transistor 106, and a low voltage is applied to the wiring 115 to turn on the transistor 
30 108. In the second step, the voltage VI is applied to the wiring 114, and the 

application of the high voltage to the wiring 113 is stopped. 

[0275] 
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Owing to the second step, the potential V9 corresponding to data (the voltage 

VI) is applied to the node 104 from the wiring 114 through the source and the drain of 

the transistor 106, the source and the drain of the transistor 108, the wiring 113, and the 

source and the drain of the transistor 101. Then, the potential V9 is applied to the gate 

5 of the transistor 106. Electric charge corresponding to V9 is accumulated in the 

capacitor 103. 

[0276] 

FIG. 25 A shows an initial state of the semiconductor device 150. In FIG. 24, 

the initial state is shown by (A). 

10 [0277] 

A signal at a low voltage is input to the wiring 111, and thus, the transistor 101 

is off. 

[0278] 

A signal at a low voltage is input to the wiring 115, and thus, the transistor 108 

15 is off. The low voltage is a voltage at which the transistor 108 is turned off. The low 

voltage may be the reference voltage (GND), the power supply voltage (VSS) or 

another voltage. 

[0279] 

A low voltage such as a reference potential is applied to the other electrode of 

20 the capacitor 103. A voltage corresponding to the capacitance value of the capacitor 

103 is applied to the node 104. 

[0280] 

A high voltage (VDD) is applied to the wirings 113 and 114. Accordingly, the 

high voltage can be precharged to the wirings 113 and 114. The high voltage is the 

25 power supply voltage (VDD) here but may be another voltage. 

[0281] 

FIG. 25B shows a writing preparation state. In FIG. 24, the state is shown by 

(B). 

[0282] 

30 In time tl, a signal at a high voltage is input to the wiring 111, and thus, the 

transistor 101 is turned on. 

[0283] 
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The transistor 101 is turned on, so that the wiring 113 and the node 104 are 
electrically connected. The potential of the wiring 113 is applied to the node 104, 

which results in turning on the transistor 106. 

[0284] 

5 In the time tl, a signal at a high voltage is input to the wiring 115. The 

transistor 108 is turned on. The high voltage is a voltage at which the transistor 108 is 
turned on. The high voltage may be the power supply voltage (VDD) or another 

voltage. 
[0285] 

10 A high voltage is applied to the wirings 113 and 114, and the transistors 101, 
106, and 108 are turned on. The first step is completed. 

[0286] 
FIGS. 25C and 25D show a write state. In FIG. 24, the state is shown by (C) 

and (D). 

15 [0287] 
In time t2, the voltage VI is applied to the wiring 114 (FIG. 25C). The 

voltage VI is a voltage to be read by a read operation. The level of VI can be set 

freely depending on data to be written. 

[0288] 
20 In the time t2, supply of the high voltage (VDD) to the wiring 113 is stopped 

(FIG. 25C). At this time, the wiring 113 is electrically in a floating state from the 

precharged voltage. That is, the potential of the wiring 113 is easily changed by 

charge or discharge of electric charge. This floating state can be obtained by turning 

off the switch for supplying the potential of the wiring 113. 

25 [0289] 
Since the transistors 108 and 106 are on, the wiring 113 is electrically 

connected to the wiring 114. The voltage of the wiring 113 is changed from the 

precharged high voltage (VDD) to V9' (FIG. 25D). Note that the difference between 
V9' and VI is about the threshold voltages of the transistors 106 and 108. 

30 [0290] 

Since the transistor 101 is on, data is written to the node 104 (the gate of the 

transistor 106) from the wiring 114 through the source and the drain of the transistor 
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101, the source and the drain of the transistor 108, the wiring 113, and the source and 
the drain of the transistor 101. Electric charge is accumulated in the capacitor 103. 

The potential of the node 104 is changed to V9. 

[0291] 
5 The potential of the node 104 is changed to V9, and accordingly, a potential 

difference between the gate of the transistor 106 and the source of the transistor 106 

becomes small; as a result, current (Id) flowing between the source and the drain of the 

transistor 106 becomes low. The transistor 106 is lastly turned off. 

[0292] 
10 In the semiconductor device 150, VI, V9', and V9 are applied to the wiring 114, 

the wiring 113, and the node 104, respectively. 

[0293] 
The voltage VI is applied to the wiring 114 and the application of the high 

voltage to the wiring 113 is stopped, so that the second step is completed. 

15 [0294] 
Through the above steps, the voltage VI to be read is applied to the wiring 114 

and the potential of the node 104 is changed to V9, so that the write operation is 

completed. 

[0295] 
20 FIG. 25E shows a state after the write operation and before data retention. In 

FIG. 24, the state is shown by (E). 

[0296] 
In time t3, a signal at a low voltage is input to the wiring 111. The transistor 

101 is turned off. The node 104 and the wiring 113 are electrically disconnected. 

25 The transistor 101 has a characteristic of extremely low off-state current, and therefore, 

the potential (V9) of the node 104 is retained. 

[0297] 
By time t4, the low voltage starts to be applied to the wiring 115, and the high 

voltage (VDD) starts to be applied to the wirings 113 and 114. 

30 [0298] 

The low voltage is applied to the wiring 115, so that the transistor 108 is turned 
off. The low voltage may be a potential at which the transistor 108 is turned off. 
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[0299] 

In the time t4, the state becomes the retention state. In FIG. 24, the state is 

shown by (F). The state of the semiconductor device 150 is the same as the state of the 

semiconductor device 150 in FIG. 25A except for the potential of the nodes 104 (V9). 

5 The transistors 101 and 108 are off. 

[0300] 
Note that a high voltage is applied to the wiring 114 in (A) and (F) in FIG. 24, 

but a low voltage may be applied to the wiring 114 in (A) and (F) in FIG. 24. If a low 

voltage is applied to the wiring 114, when the state is changed from the state (E) to the 
10 state (F), i.e., when a low voltage is applied to the wiring 114, the voltage can be 

quickly changed in some cases. 

[0301] 
(Read Operation) 

Next, one example of operation for reading the voltage VI on the basis of 

15 electric charge written through the write operation is described. FIG. 26 is a timing 

diagram. FIGS. 27A to 27D show operation of the semiconductor device 150. 

[0302] 

Operation for reading data is performed by a third step in which a low voltage 

is applied to the wiring 114 and a fourth step in which the application of the low voltage 

20 to the wiring 114 is stopped and a high voltage is applied to the wiring 115 to turn on 

the transistor 108. By the fourth step, the voltage of the wiring 114 is changed from 

the low voltage to the voltage VI. 

[0303] 

FIG. 27A shows a retention state of the semiconductor device 150. In FIG. 26, 

25 the retention state is shown by (A). 

[0304] 
FIG. 27B shows a reading preparation state. In FIG. 26, the state is shown by 

(B). 

[0305] 
30 In the time t5, a low voltage (GND) is applied to the wiring 114. The low 

voltage can be precharged to the wiring 114. Here, GND is applied to the wiring 114, 

but a power supply voltage (VSS) or another voltage may be applied thereto. 
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[0306] 

[0307] 

5 [0308] 

[0309] 

Note that the transistors 101 and 108 remain off from the retention state. 

The low voltage is applied to the wiring 114, so that the third step is completed. 

FIGS. 27C and 27D show a read state. In FIG. 26, the state is shown by (C). 

In time t6, supply of the low voltage (GND) to the wiring 114 is stopped (FIG. 
27C). At this time, the wiring 114 is electrically in a floating state from the precharged 

10 voltage. That is, the potential of the wiring 114 is easily changed by charge and 
discharge of electric charge. This floating state can be obtained by turning off the 

switch for supplying the potential of the wiring 114. 

[0310] 

In the time t6, a signal at a high voltage is input to the wiring 115. The 

15 transistor 108 is turned on. 

[0311] 

Since the voltage V9 is applied to the gate of the transistor 106, the transistor 
106 is turned on. The potential of the wiring 114 changes from the precharged low 

voltage (GND) to VI in response to the gate voltage V9 (FIG. 27D). A potential 
20 difference between the gate and the source of the transistor 106 becomes smaller over 

time, and consequently, the transistor 106 is turned off. 

[0312] 
The wiring 114 is electrically connected to a discrimination circuit or the like to 

read VI. Accordingly, the voltage VI can be read. 
25 [0313] 

Application of the low voltage to the wiring 114 is stopped and the transistor 

108 is turned on. Accordingly, the fourth step is completed. 

[0314] 
After data is read, in time t7, a signal at a low voltage is input to the wiring 115. 

30 Accordingly, the transistor 108 is turned off ((D) in FIG. 26). 

[0315] 

A high voltage (VDD) is applied to the wiring 114 by time t8 ((D) in FIG. 26). 
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[0316] 

At the time t8, the state is the retention state. In FIG. 26, the state is shown by 

(E). The semiconductor device 150 is in the state shown in FIG. 27A. 

[0317] 

5 Note that a high voltage is applied to the wiring 114 in (A) and (E) in FIG. 26, 

but a low voltage may be applied to the wiring 114 in (A) and (E) in FIG. 26. If a low 

voltage is applied to the wiring 114, when the state is changed from the state (A) to the 

state (B), i.e., when GND is applied to the wiring 114, the voltage can be quickly 

changed. 

10 [0318] 

Note that in the case where the potential of the node 104, that is, the voltage 

applied to the gate of the transistor 106 is reset, for example, a low voltage such as 

GND is applied to the wiring 113, and a signal at a high voltage is input to the wiring 

111. Accordingly, the transistor 101 is turned on, so that the node 104 is electrically 

15 connected to the wiring 113. Since GND is applied to the wiring 113, the potential of 

the node 104 is reset. 

[0319] 

In the semiconductor device 150, the potential (VI) applied to the wiring 114 

in writing data serves as a reading potential. 

20 [0320] 

The semiconductor device 150 can attain an effect in Embodiment 1, like the 

semiconductor device 100. Further, a capacitance of the wiring 115 electrically 

connected to the transistor 108 in the semiconductor device 150 can be smaller than a 

capacitance of the wiring 112 electrically connected to the capacitor 103 in the 

25 semiconductor 140; therefore, power consumption of the semiconductor device 150 can 

be smaller. 

[0321] 

Operation of the semiconductor device 155 shown in FIG. 23B is the same as 

that of the semiconductor device 150; therefore, the description of the operation of the 

30 semiconductor device 150 is referred to. 

[0322] 
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This embodiment can be implemented in combination with any of the other 

embodiments in this specification as appropriate. 

[0323] 

(Embodiment 6) 

5 An oxide semiconductor that can be used for the channel of the transistor 101 

in Embodiments 1 to 5 will be described. 

[0324] 
An oxide semiconductor preferably contains at least indium (In) or zinc (Zn). 

The oxide semiconductor preferably contains, in addition to In and Zn, gallium (Ga) 

10 serving as a stabilizer that reduces variations in electric characteristics of the transistor 
using the above-described oxide. Tin (Sn) is preferably contained as a stabilizer. 

Hafnium (Hf) is preferably contained as a stabilizer. Aluminum (Al) is preferably 
contained as a stabilizer. Zirconium (Zr) is preferably contained as a stabilizer. 

[0325] 

15 Among the oxide semiconductors, unlike silicon carbide, gallium nitride, or 

gallium oxide, an In-Ga-Zn-based oxide, an In-Sn-Zn-based oxide, or the like has an 
advantage of high mass productivity because a transistor with favorable electrical 

characteristics can be formed by sputtering or a wet process. Further, unlike silicon 
carbide, gallium nitride, or gallium oxide, with the use of the In-Ga-Zn-based oxide, a 

20 transistor with favorable electrical characteristics can be formed over a glass substrate. 

Further, a larger substrate can be used. 

[0326] 
As another stabilizer, one or more kinds of lanthanoid such as lanthanum (La), 

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

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

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

[0327] 

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

example: indium oxide, gallium oxide, tin oxide, zinc oxide, In-Zn-based oxide, 

30 Sn-Zn-based oxide, Al-Zn-based oxide, Zn-Mg-based oxide, Sn-Mg-based oxide, 
In-Mg-based oxide, In-Ga-based oxide, In-Ga-Zn-based oxide (also referred to as 

IGZO), In-Al-Zn-based oxide, In-Sn-Zn-based oxide, Sn-Ga-Zn-based oxide, 
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Al-Ga-Zn-based oxide, Sn-Al-Zn-based oxide, In-Hf-Zn-based oxide, In-La-Zn-based 
oxide, In-Pr-Zn-based oxide, In-Nd-Zn-based oxide, In-Sm-Zn-based oxide, 

In-Eu-Zn-based oxide, In-Gd-Zn-based oxide, In-Tb-Zn-based oxide, In-Dy-Zn-based 
oxide, In-Ho-Zn-based oxide, In-Er-Zn-based oxide, In-Tm-Zn-based oxide, 

5 In-Yb-Zn-based oxide, In-Lu-Zn-based oxide, In-Sn-Ga-Zn-based oxide, 
In-Hf-Ga-Zn-based oxide, In-Al-Ga-Zn-based oxide, In-Sn-Al-Zn-based oxide, 

In-Sn-Hf-Zn-based oxide, and In-Hf-Al-Zn-based oxide. 

[0328] 
Note that, for example, an In-Ga-Zn-based oxide means an oxide containing In, 

10 Ga, and Zn and there is no particular limitation on the ratio of In:Ga:Zn. Further, the 
In-Ga-Zn-based oxide may contain a metal element other than In, Ga, and Zn. The 

In-Ga-Zn-based oxide has sufficiently high resistance when no electric field is applied 

thereto, so that off-state current can be sufficiently reduced. Further, the 

In-Ga-Zn-based oxide has high mobility. 

15 [0329] 

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

1:1:1 (= 1/3:1/3:1/3) or In:Ga:Zn = 2:2:1 (= 2/5:2/5:1/5), or an oxide with an atomic 

ratio close to any of the above atomic ratios can be used. Alternatively, an 

In-Sn-Zn-based oxide with an atomic ratio of In:Sn:Zn = 1:1:1 (= 1/3:1/3:1/3), In:Sn:Zn 

20 = 2:1:3 (= 1/3:1/6:1/2), In:Sn:Zn = 2:1:5 (= 1/4:1/8:5/8), or an oxide with an atomic 

ratio close to any of the above atomic ratios can be used. 

[0330] 
For example, with an In-Sn-Zn-based oxide, high mobility can be realized 

relatively easily. However, even with an In-Ga-Zn-based oxide, mobility can be 

25 increased by reducing the defect density in the bulk. 

[0331] 
A structure of the oxide semiconductor film is described below. 

[0332] 
An oxide semiconductor film is classified roughly into a single-crystal oxide 

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

non-single-crystal oxide semiconductor film includes any of an amorphous oxide 
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semiconductor film, a microcrystalline oxide semiconductor film, a polycrystalline 

oxide semiconductor film, a c-axis aligned crystalline oxide semiconductor (CAAC-OS) 

film, and the like. 
[0333] 

The amorphous oxide semiconductor film has disordered atomic arrangement 

and no crystalline component. A typical example thereof is an oxide semiconductor 

film in which no crystal part exists even in a microscopic region, and the whole of the 

film is amorphous. 
[0334] 

The microcrystalline oxide semiconductor film includes a microcrystal (also 

referred to as nanocrystal) with a size greater than or equal to 1 nm and less than 10 nm, 

for example. Thus, the microcrystalline oxide semiconductor film has a higher degree 

of atomic order than the amorphous oxide semiconductor film. Hence, the density of 
defect states of the microcrystalline oxide semiconductor film is lower than that of the 

amorphous oxide semiconductor film. 
[0335] 

The CAAC-OS film is one of oxide semiconductor films including a plurality 
of crystal parts, and most of the crystal parts each fit inside a cube whose one side is 

less than 100 nm. Thus, there is a case where a crystal part included 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. The density of defect states of the CAAC-OS film is lower than that of the 

microcrystalline oxide semiconductor film. The CAAC-OS film is described in detail 

below. 

[0336] 
In a transmission electron microscope (TEM) image of the CAAC-OS film, a 

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 

likely to occur. 

[0337] 

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 

arranged in a layered manner in the crystal parts. Each metal atom layer has a 
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morphology reflected by 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 in parallel to the formation 

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

5 [0338] 
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 

10 different crystal parts. 

[0339] 
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. 

[0340] 
15 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 (20) is around 31°. This peak is derived from the (009) plane of the InGaZn04 

crystal, which indicates that crystals in the CAAC-OS film have c-axis alignment, and 
20 that the c-axes are aligned in a direction substantially perpendicular to the formation 

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

[0341] 
On the other hand, when the CAAC-OS film is analyzed by an in-plane method 

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

25 a peak appears frequently when 29 is around 56°. This peak is derived from the (110) 

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

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

axis) with 2q fixed at around 56°. In the case where the sample is a single-crystal 

oxide semiconductor film of InGaZn04, six peaks appear. The six peaks are derived 
30 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°. 

[0342] 

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 different 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 [0343] 
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. 

[0344] 

Further, the degree of crystallinity in the CAAC-OS film is not necessarily 

20 uniform. For example, in the case where crystal growth leading to the CAAC-OS film 

occurs from the vicinity of the top surface of the film, the degree of the crystallinity 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, the 

crystallinity in a region to which the impurity is added is changed, and the degree of 

25 crystallinity in the CAAC-OS film varies depending on regions. 

[0345] 

Note that when the CAAC-OS film with an InGaZn04 crystal is analyzed by an 

out-of-plane method, a peak of 29 may also be observed at around 36°, in addition to 

the peak of 26 at around 31°. The peak of 26 at around 36° indicates that a crystal 

30 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 20appears at around 31° and a peak of 26 do not 

appear at around 36°. 

[0346] 

With the use of the CAAC-OS film in a transistor, variation in electrical 

5 characteristics of the transistor due to irradiation with visible light or ultraviolet light is 

small. Thus, the transistor has high reliability. 

[0347] 

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 

10 semiconductor film, and a CAAC-OS film, for example. 

[0348] 

For example, the CAAC-OS film is formed by a sputtering method with a 

polycrystalline metal oxide sputtering target. 

[0349] 

15 For the deposition of the CAAC-OS film, the following conditions are 

preferably used. 

[0350] 

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 

20 example, the concentration of impurities (e.g., hydrogen, water, carbon dioxide, and 

nitrogen) which exist in the treatment chamber may be reduced. Furthermore, the 

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. 

25 [0351] 

By increasing the substrate heating temperature during the deposition, 

migration of a sputtered particle is likely to occur after the sputtered particle reaches a 

substrate surface. Specifically, the substrate heating temperature during the deposition 

is higher than or equal to 100 °C and lower than or equal to 740 °C, preferably higher 

30 than or equal to 200 °C and lower than or equal to 500 °C. By increasing the substrate 

heating temperature during the deposition, when the flat-plate-like sputtered particles 
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reach the substrate, migration occurs on the substrate, so that a flat plane of each 

flat-plate-like sputtered particle is attached to the substrate. 

[0352] 

Furthermore, it is preferable that the proportion of oxygen in the deposition gas 

5 be increased and the power be optimized in order to reduce plasma damage at the 

deposition. The proportion of oxygen in the deposition gas is higher than or equal to 

30 vol%, preferably 100 vol%. 

[0353] 
The oxide semiconductor layer is not limited to a single-layer metal oxide film 

10 and may have a stacked structure of a plurality of metal oxide films. In a 

semiconductor film in which first to third metal oxide films are sequentially stacked, for 

example, the first metal oxide film and the third metal oxide film are each an oxide film 
which contains at least one of the metal elements contained in the second metal oxide 

film and whose lowest conduction band energy is closer to the vacuum level than that of 

15 the second metal oxide film by higher than or equal to 0.05 eV, 0.07 eV, 0.1 eV, or 0.15 

eV and lower than or equal to 2 eV, 1 eV, 0.5 eV, or 0.4 eV. Further, the second metal 

oxide film preferably contains at least indium in order to increase the carrier mobility. 

[0354] 

In the transistor including the above oxide semiconductor film, when a voltage 

20 is applied to the gate electrode so that an electric field is applied to the semiconductor 
film, a channel region is formed in the second metal oxide film whose lowest 

conduction band energy is small in the semiconductor film. That is, since the third 

metal oxide film is provided between the second metal oxide film and the gate 

insulating film, a channel region can be formed in the second metal oxide film which is 

25 insulated from the gate insulating film. 

[0355] 

Since the third metal oxide film contains at least one of the metal elements 
contained in the second metal oxide film, interface scattering is unlikely to occur at the 

interface between the second metal oxide film and the third metal oxide film. Thus, 
30 the movement of carriers is unlikely to be inhibited at the interface, which results in an 

increase in the field-effect mobility of the transistor. 

[0356] 
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Further, when an interface level is formed at the interface between the second 

metal oxide film and the first metal oxide film, a channel region is formed also in the 

vicinity of the interface, which causes a change in the threshold voltage of the transistor. 

However, since the first metal oxide film contains at least one of the metal elements 

5 contained in the second metal oxide film, an interface level is unlikely to be formed at 

the interface between the second metal oxide film and the first metal oxide film. 

Accordingly, the above structure allows reducing of variations in the electrical 
characteristics of the transistor, such as the threshold voltage. 
[0357] 

10 Further, it is preferable that a plurality of metal oxide films be stacked so that 

an interface level due to an impurity existing between the metal oxide films, which 

inhibits carrier flow, is not formed at the interface between the metal oxide films. This 
is because when an impurity exists between the stacked metal oxide films, the 

continuity of the lowest conduction band energy between the metal oxide films is lost, 

15 and carriers are trapped or disappear by recombination in the vicinity of the interface. 
By reducing an impurity existing between the films, a continuous junction (here, in 

particular, a U-shape well structure whose lowest conduction band energy is changed 

continuously between the films) is formed more easily than the case of merely stacking 

a plurality of metal oxide films which share at least one main metal component. 

20 [0358] 

In order to form such a continuous energy band, it is necessary to form films 

continuously without being exposed to air, with use of a multi-chamber deposition 

apparatus (sputtering apparatus) including a load lock chamber. Each chamber in the 

sputtering apparatus is preferably evacuated to high vacuum (about 5 x 10~7 Pa to 1 x 

25 10~4 Pa) with an entrapment vacuum evacuation pump such as a cryopump so that water 

or the like, which is an impurity for an oxide semiconductor, is removed as much as 

possible. Alternatively, a turbo molecular pump and a cold trap are preferably used in 

combination to prevent backflow of gas into the chamber through an evacuation system. 

[0359] 
30 To obtain a highly purified intrinsic oxide semiconductor, not only high 

vacuum evacuation of the chambers but also high purification of a gas used in the 
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sputtering is important. When an oxygen gas or an argon gas used as the above gas 

has a dew point of-40 °C or lower, preferably -80 °C or lower, further preferably -100 

°C or lower and is highly purified, moisture and the like can be prevented from entering 

the oxide semiconductor film as much as possible. 

5 [0360] 

The first metal oxide film or the third metal oxide film may be an oxide film 

containing aluminum, silicon, titanium, gallium, germanium, yttrium, zirconium, tin, 
lanthanum, cerium, or hafnium at a higher atomic ratio than the second metal oxide film. 

Specifically, the first metal oxide film or the third metal oxide film may be an oxide 

10 film containing the above element at an atomic ratio 1.5 times or more, preferably twice 

or more, and more preferably three times or more that in the second metal oxide film. 

The above element is strongly bonded to oxygen, and thus has a function of suppressing 
generation of oxygen vacancies in the oxide film. That is, oxygen vacancies are less 

likely to be generated in the first metal oxide film or the third metal oxide film than in 

15 the second metal oxide film. 

[0361] 
The first metal oxide film and the third metal oxide film each have a thickness 

of 3 nm to 100 nm, preferably 3 nm to 50 nm. The second metal oxide film has a 

thickness of 3 nm to 200 nm, preferably 3 nm to 100 nm, and more preferably 3 nm to 

20 50 nm. 

[0362] 
In the three-layer semiconductor film, the first metal oxide film and the third 

metal oxide film can be amorphous or crystalline. Note that the second metal oxide 

film in which a channel region is formed preferably has a crystalline structure, in which 

25 case the transistor can have stable electrical characteristics. 

[0363] 

(Embodiment 7) 
An example of the semiconductor devices shown in Embodiments 1 to 5 will 

be described. FIG. 28 illustrates an example of a cross-sectional structure of the 

30 transistor 101, the transistor 102, and the capacitor 103 included in the semiconductor 

device 100 illustrated in FIG. 1. 
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[0364] 
The channel of the transistor 101 is formed in an oxide semiconductor layer. 

The case where the transistor 101 and the capacitor 103 are formed over the transistor 

102 which has a channel formation region in a single crystal silicon substrate is shown. 

5 [0365] 
Note that an active layer in the transistor 102 can be an amorphous, 

microcrystalline, polycrystalline, or single crystal semiconductor film of silicon, 

germanium, or the like. Alternatively, the transistor 102 may include an active layer 

containing an oxide semiconductor. In the case where all of the transistors include an 
10 active layer containing an oxide semiconductor, the transistor 101 is not necessarily 

stacked over the transistor 102, and the transistors 101 and 102 may be formed in the 

same layer. 

[0366] 
When the transistor 102 is formed using a thin silicon film, any of the 

15 following can be used, for example: amorphous silicon formed by sputtering or vapor 
phase growth such as plasma-enhanced CVD, polycrystalline silicon obtained by 

crystallization of amorphous silicon by laser irradiation, and single crystal silicon 

obtained by separation of a surface portion of a single crystal silicon wafer by 

implantation of hydrogen ions or the like into the silicon wafer. 

20 [0367] 
Examples of a semiconductor substrate 1400 in which the transistor 102 is 

formed are an n-type or p-type silicon substrate, germanium substrate, silicon 

germanium substrate, and compound semiconductor substrate (e.g., GaAs substrate, InP 
substrate, GaN substrate, SiC substrate, GaP substrate, GalnAsP substrate, and ZnSe 

25 substrate). As an example, FIG. 28 shows the case where an n-type single crystal 

silicon substrate is used. 

[0368] 
The transistor 102 is electrically isolated from other transistors by an element 

isolation insulating film 1401. The element isolation insulating film 1401 can be 
30 formed by local oxidation of silicon (LOCOS), trench isolation, or the like. 

[0369] 
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Specifically, the transistor 102 includes impurity regions 1402 and 1403 that 

are formed in the semiconductor substrate 1400 and function as source and drain 

regions, a gate electrode 1404, and a gate insulating film 1405 between the 

semiconductor substrate 1400 and the gate electrode 1404. The gate electrode 1404 

5 overlaps with a channel formation region formed between the impurity regions 1402 

and 1403, with the gate insulating film 1405 placed therebetween. 

[0370] 

An insulating film 1409 is provided over the transistor 102. Openings are 

formed in the insulating film 1409. A wiring 1410 in contact with the impurity region 
10 1402, a wiring 1411 in contact with the impurity region 1403, and a wiring 1412 

electrically connected to the gate electrode 1404 are formed in the openings. 

[0371] 

The wiring 1410 is electrically connected to a wiring 1415 over the insulating 

film 1409. The wiring 1411 is electrically connected to a wiring 1416 over the 
15 insulating film 1409. The wiring 1412 is electrically connected to a wiring 1417 over 

the insulating film 1409. 

[0372] 

An insulating film 1420 and an insulating film 1440 are formed to be stacked 

in this order over the wirings 1415 to 1417. An opening is formed in the insulating 

20 films 1420 and 1440. A wiring 1421 electrically connected to the wiring 1417 is 

formed in the opening. 

[0373] 

In FIG. 28, the transistor 101 and the capacitor 103 are formed over the 
insulating film 1440. 

25 [0374] 
The transistor 101 includes, over the insulating film 1440, a semiconductor 

film 1430 containing an oxide semiconductor; conductive films 1432 and 1433 that 

function as source and drain electrodes and are provided over the semiconductor film 
1430; a gate insulating film 1431 over the semiconductor film 1430 and the conductive 

30 films 1432 and 1433; and a gate electrode 1434 that is provided over the gate insulating 

film 1431 and overlaps with the semiconductor film 1430 in the region between the 
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conductive films 1432 and 1433. Note that the conductive film 1433 is electrically 

connected to the wiring 1421. 

[0375] 

A conductive film 1435 is provided over the gate insulating film 1431 to 

5 overlap with the conductive film 1433. A portion in which the conductive films 1433 

and 1435 overlap with each other with the gate insulating film 1431 placed 

therebetween functions as the capacitor 103. 

[0376] 
Although FIG. 28 illustrates an example in which the capacitor 103 is provided 

10 over the insulating film 1440 together with the transistor 101, the capacitor 103 may be 

provided below the insulating film 1440 together with the transistor 102. 

[0377] 
An insulating film 1441 and an insulating film 1442 are formed to be stacked 

in this order over the transistor 101 and the capacitor 103. An opening is formed in the 

15 insulating films 1441 and 1442. A conductive film 1443 that is in contact with the gate 

electrode 1434 in the opening is provided over the insulating film 1441. 

[0378] 
In FIG. 28, the transistor 101 includes the gate electrode 1434 on at least one 

side of the semiconductor film 1430. Alternatively, the transistor 101 may include a 

20 pair of gate electrodes with the semiconductor film 1430 placed therebetween. 

[0379] 
In the case where the transistor 101 has a pair of gate electrodes with the 

semiconductor film 1430 therebetween, one of the gate electrodes may be supplied with 

a signal for controlling the on/off state of the transistor 101, and the other of the gate 

25 electrodes may be supplied with a potential from another element. In this case, 

potentials with the same level may be supplied to the pair of gate electrodes, or a fixed 

potential such as the ground potential may be supplied only to the other of the gate 

electrodes. By controlling the level of the potential supplied to the other gate electrode, 

the threshold voltage of the transistor can be controlled. 

30 [0380] 

In FIG. 28, the transistor 101 has a single-gate structure in which one channel 

formation region corresponding to one gate electrode 1434 is provided. Alternatively, 
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the transistor 101 may have a multi-gate structure in which a plurality of gate electrodes 

electrically connected to each other are provided and thus a plurality of channel 

formation regions are included in one active layer. 

[0381] 

5 The semiconductor film 1430 is not limited to a single film of an oxide 

semiconductor and may be a stack including a plurality of oxide semiconductor films. 

FIG. 29A illustrates a structural example of a transistor 111 OA in which the 
semiconductor film 1430 has a three-layer structure. 

[0382] 

10 The transistor 1110A illustrated in FIG. 29A includes the semiconductor film 
1430 over an insulating film 820 or the like, conductive films 832 and 833 electrically 

connected to the semiconductor film 1430, a gate insulating film 831, and a gate 

electrode 834 provided over the gate insulating film 831 so as to overlap with the 

semiconductor film 1430. 

15 [0383] 

In the transistor 1110A, as the semiconductor film 1430, oxide semiconductor 

layers 830a to 830c are stacked in this order from the insulating film 820 side. 

[0384] 

The oxide semiconductor layers 830a and 830c are each an oxide film that 

20 contains at least one of metal elements contained in the oxide semiconductor layer 830b. 
The energy at the bottom of the conduction band of the oxide semiconductor layers 
830a and 830c is closer to a vacuum level than that of the oxide semiconductor layer 

830b by 0.05 eV or more, 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. The oxide semiconductor 

25 layer 830b preferably contains at least indium to increase carrier mobility. 

[0385] 

As illustrated in FIG. 29B, part of the oxide semiconductor layer 830c may be 

placed over the conductive films 832 and 833 to overlap with the gate insulating film 

831. 

30 [0386] 
(Embodiment 8) 
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The semiconductor device of one embodiment of the present invention can be 
used for display devices, personal computers,'image reproducing devices provided with 

recording media (typically, devices which reproduce the content of recording media 

such as digital versatile discs (DVDs) and have displays for displaying the reproduced 

5 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 appliances, 

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., 

10 car audio systems and digital audio players), copiers, facsimiles, printers, multifunction 

printers, automated teller machines (ATM), and vending machines. FIGS. 30A to 30D 

illustrate specific examples of these electronic devices. 

[0387] 
FIG. 30A illustrates a portable game console including a housing 5001, a 

15 housing 5002, a display portion 5003, a display portion 5004, a microphone 5005, a 
speaker 5006, an operation key 5007, a stylus 5008, and the like. Although the 

portable game machine in FIG. 30A has the two display portions 5003 and 5004, the 

number of display portions included in a portable game machine is not limited to this. 

[0388] 
20 FIG. 30B illustrates a portable data terminal including a first housing 5601, a 

second housing 5602, a first display portion 5603, a second display portion 5604, a joint 

5605, an operation key 5606, and the like. The first display portion 5603 is provided 
in the first housing 5601, and the second display portion 5604 is provided in the second 

housing 5602. The first housing 5601 and the second housing 5602 are connected to 

25 each other with the joint 5605, and the angle between the first housing 5601 and the 

second housing 5602 can be changed with the joint 5605. An image on the first 

display portion 5603 may be switched depending on the angle between the first housing 

5601 and the second housing 5602 at the joint 5605. A display device with a position 

input function may be used as at least one of the first display portion 5603 and the 
30 second display portion 5604. Note that the position input function can be added by 

providing a touch panel in a display device. Alternatively, the position input function 
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can be added by provision of a photoelectric conversion element called a photosensor in 

a pixel area of a display device. 

[0389] 
FIG. 30C illustrates a laptop personal computer, which includes a housing 5401, 

5 a display portion 5402, a keyboard 5403, a pointing device 5404, and the like. 

[0390] 
FIG. 30D illustrates the electric refrigerator-freezer including a housing 5301, a 

door for a refrigerator 5302, a door for a freezer 5303, and the like. 

[0391] 
10 FIG. 30E illustrates a video camera, which includes a first housing 5801, a 

second housing 5802, a display portion 5803, operation keys 5804, a lens 5805, a joint 
5806, and the like. The operation keys 5804 and the lens 5805 are provided for the 

first housing 5801, and the display portion 5803 is provided for the second housing 

5802. The first housing 5801 and the second housing 5802 are connected to each other 

15 with the joint 5806, and the angle between the first housing 5801 and the second 
housing 5802 can be changed with the joint 5806. Images displayed on the display 

portion 5803 may be switched in accordance with the angle at the joint 5806 between 

the first housing 5801 and the second housing 5802. 

[0392] 
20 FIG. 30F illustrates a passenger car including a car body 5101, wheels 5102, a 

dashboard 5103, lights 5104, and the like. 

REFERENCE NUMERALS 
[0393] 

25 100: semiconductor device, memory cell; 101: transistor; 102: transistor; 103: capacitor; 
104: node; 106: transistor; 107: transistor; 108: transistor; 111: wiring; 112: wiring; 113: 

wiring; 114: wiring; 115: wiring; 130: semiconductor device; 135: semiconductor 

device; 140: semiconductor device; 150: semiconductor device; 155: semiconductor 
device; 200: semiconductor device; 201: memory cell array; 202: row selection driver; 

30 203: column selection driver; 204: A/D converter; 301: decoder; 302: control circuit; 

401: decoder; 402: latch circuit; 403: D/A converter; 404: switch circuit; 405: transistor; 

406: transistor; 501: comparator; 502: encoder; 503: latch circuit; 504: buffer; 600: 
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semiconductor device; 820: insulating film; 832: conductive film; 833: conductive film; 

831: gate insulating film; 834: gate electrode; 830a: oxide semiconductor layer; 830b: 
oxide semiconductor layer; 830c: oxide semiconductor layer; 1110A: transistor; 1400: 

semiconductor substrate; 1401: element isolation insulating film; 1402: impurity region; 

5 1403: impurity region; 1404: gate electrode; 1405: gate insulating film; 1409: insulating 

film; 1410: wiring; 1411: wiring; 1412: wiring; 1415: wiring; 1416: wiring; 1417: 
wiring; 1420: insulating film; 1421: wiring; 1430: semiconductor film; 1431: gate 

insulating film; 1432: conductive film; 1433: conductive film; 1434: gate electrode; 

1435: conductive film; 1440: insulating film; 1441: insulating film; 1442: insulating 
10 film; 1443: conductive film; 5001: housing; 5002: housing; 5003: display portion; 5004: 

display portion; 5005: microphone; 5006: speaker; 5007: operation key; 5008: stylus; 

5101: car body; 5102: wheel; 5103: dashboard; 5104: light; 5301: housing; 5302: door 
for refrigerator; 5303: door for freezer; 5401: housing; 5402: display portion; 5403: 

keyboard; 5404: pointing device; 5601: housing; 5602: housing; 5603: display portion; 

15 5604: display portion; 5605: joint; 5606: operation key; 5801: housing; 5802: housing; 
5803: display portion; 5804: operation key; 5805: lens; 5806: joint 

This application is based on Japanese Patent Application serial no. 

2013-060687 filed with Japan Patent Office on March 22, 2013, the entire contents of 
20 which are hereby incorporated by reference. 
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CLAIMS 

1. A semiconductor device comprising: 

a first transistor, a channel region of the first transistor comprising an oxide 

5 semiconductor; 

a second transistor; 
a capacitor, one electrode of the capacitor electrically connected to one of a 

source and a drain of the first transistor and a gate of the second transistor; 
a word line electrically connected to a gate of the first transistor; 

10 a first wiring electrically connected to one of a source and a drain of the second 
transistor; 

a bit line electrically connected to the other of the source and the drain of the 

first transistor and the other of the source and the drain of the second transistor; 
a capacitor line electrically connected to the other electrode of the capacitor; 

an A/D converter electrically connected to the first wiring. 

2. The semiconductor device according to claim 1, 

wherein the A/D converter configured to converting a potential of the first 
into a digital value and outputting the digital value outside. 

3. The semiconductor device according to claim 1, 
wherein the second transistor is an n-channel transistor. 

4. The semiconductor device according to claim 1, 

wherein the second transistor is a p-channel transistor. 

5. The semiconductor device according to claim 1, 

wherein a channel region of the second transistor includes silicon. 

6. A method for driving a semiconductor device including a first transistor 
channel region includes an oxide semiconductor, a second transistor, and a 

15 and 

20 wiring 

25 

30 

whose 
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capacitor whose one electrode electrically connected to one of a source and a drain of 

the first transistor and a gate of the second transistor, the method comprising: 

applying a low voltage to a bit line and a first wiring, applying a high voltage 

to a word line to turn on the first transistor, and applying a low voltage to a capacitor 

5 line, thereby turning on the second transistor, wherein: 
the word line is electrically connected to a gate of the first transistor, 
the first wiring is electrically connected to one of a source and a drain 

of the second transistor, 
the bit line is electrically connected to the other of the source and the 

10 drain of the first transistor and the other of the source and the drain of the second 

transistor, and 
the capacitor line is electrically connected to the other electrode of the 

capacitor; 
applying a first voltage to the first wiring and stopping the application of the 

15 low voltage to the bit line so that a voltage corresponding to the first voltage is applied 

to the gate of the second transistor from the first wiring through the source and the drain 

of the second transistor, the bit line, and the source and the drain of the first transistor; 

applying a low voltage to the word line to turn off the first transistor, applying 

a low voltage to the bit line and the first wiring, and applying a high voltage to the 

20 capacitor line to turn off the second transistor; 
applying a high voltage to the first wiring; and 

stopping the application of the high voltage to the first wiring, and applying a 

low voltage to the capacitor line so that a voltage of the first wiring changes from the 

high voltage to the first voltage. 

25 
7. The method according to claim 6, 

wherein a channel region of the second transistor includes silicon. 

30 

8. The method according to claim 6, 

further comprising converting a potential of the first wiring into digital value 

and outputting the digital value outside, 
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wherein an A/D converter electrically connected to the first wiring converts the 

potential of the first wiring. 

9. A method for driving a semiconductor device including a first transistor 

5 whose channel region includes an oxide semiconductor, a second transistor, a third 

transistor, and a capacitor whose one electrode electrically connected to one of a source 

and a drain of the first transistor and a gate of the second transistor, the method 

comprising: 
applying a low voltage to a bit line and a first wiring, applying a high voltage 

10 to a first word line to turn on the first transistor, applying the low voltage of the bit line 
to the gate of the second transistor to turn on the second transistor, and applying a low 

voltage to a second word line to turn on the third transistor, wherein: 

the first word line is electrically connected to a. gate of the first 

transistor, 
15 the second word line is electrically connected to a gate of the third 

transistor, 
the first wiring is electrically connected to one of a source and a drain 

of the second transistor 
one of a source and a drain of the third transistor is electrically 

20 connected to the other of the source and the drain of the second transistor, 
the bit line is electrically connected to the other of the source and the 

drain of the first transistor and the other of the source and the drain of the third transistor, 

and 
a low voltage is applied to the other electrode of the capacitor; 

25 applying a first voltage to the first wiring, and stopping the application of the 

low voltage to the bit line so that a voltage corresponding to the first voltage is applied 

to the gate of the second transistor from the first wiring through the source and the drain 

of the second transistor, the source and the drain of the third transistor, the bit line, and 
the source and the drain of the first transistor; 

30 applying a low voltage to the first word line to turn off the first transistor, 

applying a low voltage to the bit line and the first wiring, and applying a high voltage to 

the second word line to turn off the third transistor; 
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applying a high voltage to the first wiring; and 
stopping the application of the high voltage to the first wiring, and applying a 

low voltage to the second word line to turn on the third transistor so that a voltage of the 
first wiring changes from the high voltage to the first voltage. 

10. The method according to claim 9, 

wherein a channel region of the second transistor includes silicon. 

11. The method according to claim 9, 

wherein a channel region of the second transistor includes silicon, and 
wherein a channel region of the third transistor includes silicon. 

12. The method according to claim 9, further comprising converting a potential 

of the first wiring into a digital value and outputting the digital value outside, 

wherein an A/D converter electrically connected to the first wiring converts the 

potential of the first wiring. 

13. A method for driving a semiconductor device including a first transistor 

whose channel region includes an oxide semiconductor, a second transistor, and a 

capacitor whose one electrode electrically connected to one of a source and a drain of 

the first transistor and a gate of the second transistor, the method comprising: 

applying a high voltage to a bit line and a first wiring, applying a high voltage 
to a word line to turn on the first transistor, and applying a high voltage to a capacitor 
line , thereby turning on the second transistor, wherein: 

the word line is electrically connected to a gate of the first transistor, 
the first wiring is electrically connected to one of a source and a drain 

of the second transistor, 

the bit line is electrically connected to the other of the source and the 

drain of the first transistor and the other of the source and the drain of the second 
transistor, and 

the capacitor line is electrically connected to the other electrode of the 

capacitor; 



WO 2014/148640 PCT/JP2014/057947 

75 

applying a first voltage to the first wiring and stopping application of the high 
voltage to the bit line so that a voltage corresponding to the first voltage is applied to the 

gate of the second transistor from the first wiring through the source and the drain of the 
second transistor, the bit line, and the source and the drain of the first transistor; 

5 applying a low voltage to the word line to turn off the first transistor, applying 

a high voltage to the bit line and the first wiring, and applying a low voltage to the 

capacitor line to turn off the second transistor; 

applying a low voltage to the first wiring; and 

stopping the application of the low voltage to the first wiring, and applying a 
10 high voltage to the capacitor line so that a voltage of the first wiring changes from the 

low voltage to the first voltage. 

14. The method according to claim 13, 
wherein a channel region of the second transistor includes silicon. 

15. The method according to claim 13, further comprising converting a 

potential of the first wiring into a digital value and outputting the digital value outside, 

wherein an A/D converter electrically connected to the first wiring converts the 

potential of the first wiring. 

16. A method for driving a semiconductor device including a first transistor 
whose channel region includes an oxide semiconductor, a second transistor, a third 
transistor, and a capacitor whose one electrode electrically connected to one of a source 

and a drain of the first transistor and a gate of the second transistor, the method 

comprising: 
applying a high voltage to a bit line and a first wiring, applying a high voltage 

to a first word line to turn on the first transistor, applying the high voltage of the bit line 

to the gate of the second transistor to turn on the second transistor, and applying a high 
voltage to a second word line to turn on the third transistor, wherein: 

the first word line is electrically connected to a gate of the first 

transistor, 

15 

20 

25 

30 
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the second word line is electrically connected to a gate of the third 

transistor, 
the first wiring is electrically connected to one of a source and a drain 

of the second transistor 
5 one of a source and a drain of the third transistor is electrically 

connected to the other of the source and the drain of the second transistor, 
the bit line is electrically connected to the other of the source and the 

drain of the first transistor and the other of the source and the drain of the third transistor, 

and 
10 a low voltage is applied to the other electrode of the capacitor; 

applying a first voltage to the first wiring, and stopping the application of the 

high voltage to the bit line so that a voltage corresponding to the first voltage is applied 

to the gate of the second transistor from the first wiring through the source and the drain 

of the second transistor, the source and the drain of the third transistor, the bit line, and 

15 the source and the drain of the first transistor; 

applying a low voltage to the first word line to turn off the first transistor, 

applying a high voltage to the bit line and the first wiring, and applying a low voltage to 

the second word line to turn off the third transistor; 

applying a low voltage to the first wiring; and 

20 stopping the application of the low voltage to the first wiring, and applying a 
high voltage to the second word line to turn on the third transistor so that a voltage of 
the first wiring changes from the high voltage to the first voltage. 

17. The method according to claim 16, 

25 wherein a channel region of the second transistor includes silicon. 

18. The method according to claim 16, 

wherein a channel region of the second transistor includes silicon, and 

wherein a channel region of the third transistor includes silicon. 

30 

19. The method according to claim 16, further comprising converting a 

potential of the first wiring into a digital value and outputting the digital value outside, 
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wherein an A/D converter electrically connected to the first wiring converts the 

potential of the first wiring. 

5 


