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transistor can be formed using an oxide semicon
ductor, and a channel formation region of the sec
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DESCRIPTION

SEMICONDUCTOR DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a read circuit which reads data written to a

memory cell. In addition, the present invention relates to a semiconductor device

including the above-described read circuit.

BACKGROUND ART

[0002]

After writing (or erasing) of data to (from) a memory cell is finished, the

verification is performed to judge (also referred to as to verify or check) whether the

data is normally written to (or erased from) the memory cell (e.g., Patent Document 1).

[Reference]

[0003]

[Patent Document 1] Japanese Published Patent Application No.2007-294077

DISCLOSURE OF INVENTION

[0004]

As illustrated in FIG. 9A, in the case where it is judged that data is normally

written (or erased) in verification, the written (or erased) data can be read normally.

However, as illustrated in FIG. 9B, even in the case where it is judged that data is

normally written (or erased) in verification, the written (or erased) data is not read

normally and an error occurs in some cases.

[0005]

Thus, it is an object to provide a read circuit which does not cause a

malfunction, for example, a failure in normal reading of written (or erased) data, which

is an error in reading the data, is caused in the case where it is judged that the data is

normally written (or erased) in verification. In addition, it is an object to provide a

read circuit which can effectively use a judgment result of verification. Further, it is an



object to provide a read circuit which can read data with high accuracy. Furthermore,

it is an object to provide a semiconductor device which is highly reliable because the

above-described read circuit is included.

[0006]

One embodiment of the present invention relates to a semiconductor device

including a read circuit configured to read data written to a memory cell. The read

circuit includes a first transistor, a second transistor, a first switch, and a second switch.

A first terminal of the first transistor is electrically connected to a gate of the first

transistor and a second terminal of the first transistor is electrically connected to an

output from the read circuit via the first switch. A first terminal of the second

transistor is electrically connected to a gate of the second transistor and a second

terminal of the second transistor is electrically connected to the output from the read

circuit via the second switch.

[0007]

In the above structure, the first terminal of the first transistor and the first

terminal of the second transistor are electrically connected to a wiring to which a power

supply potential Vdd is supplied.

[0008]

In the above structure, threshold voltage of the first transistor is different from

threshold voltage of the second transistor.

[0009]

In the above structure, the threshold voltage of the first transistor is higher than

the threshold voltage of the second transistor.

[0010]

In the above structure, a transistor with a channel formation region including an

oxide semiconductor can be used as the first transistor, and a transistor with a channel

formation region including silicon can be used as the second transistor. The channel

formation regions of the first transistor and the second transistor are formed using

different semiconductor materials in this manner, whereby the threshold voltage of the

first transistor can easily be made to differ from that of the second transistor in

comparison with the case where the channel formation regions of the first transistor and

the second transistor are formed using the same semiconductor material.



[0011]

In the above structure, data can be read using the first transistor in verification

where whether data is normally written to (or erased from) the memory cell is judged,

and data can be read using the second transistor in general reading. In this manner,

reading of data in verification can be performed using the first transistor with relatively

high threshold voltage, and reading of data in general reading can be performed using

the second transistor with relatively low threshold voltage. Note that hereinafter,

reading of data for judgment is referred to as verification, and general reading of data is

simply referred to as reading.

[0012]

In the above structure, in verification, the first switch is turned on, whereby the

first transistor and the output from the read circuit are brought into conduction, and the

second switch is off. In reading, the second switch is turned on, whereby the second

transistor and the output from the read circuit are brought into conduction, and the first

switch is off.

[0013]

In the above structure, a power supply potential Vdd2 has the same value as or

a value smaller than the value of a power supply potential Vddl, that is, the power

supply potential Vdd2 is lower than or equal to the power supply potential Vddl. Here,

the power supply potential Vdd2 is the potential supplied from the outside to the wiring

which is electrically connected to the first terminal of the first transistor and the wiring

which is electrically connected to the first terminal of the second transistor in reading.

And also, the power supply potential Vddl is the potential supplied from the outside to

the wiring which is electrically connected to the first terminal of the first transistor and

the wiring which is electrically connected to the first terminal of the second transistor in

verification.

[0014]

In the above structure, the power supply potential Vdd (including Vddl and

Vdd2) can be wirelessly supplied from the outside. In the case where the power

supply potential Vdd is wirelessly supplied from the outside, the power supply potential

Vdd fluctuates in some cases. For example, when a distance between the

above-described semiconductor device which is one embodiment of the disclosed



invention and an external device on the power supply side is short, the power supply

potential Vdd supplied from the outside increases. In contrast, when the distance

between the above-described semiconductor device and the external device on the

power supply side is long, the power supply potential Vdd supplied from the outside

decreases.

[0015]

For example, a distance D2 in reading between the above-described

semiconductor device and the external device on the power supply side is the same as or

longer than a distance Dl in verification between the above-described semiconductor

device and the external device on the power supply side. That is, the distance D2 is

longer than or equal to the distance Dl. Therefore, the power supply potential Vdd2 is

lower than or equal to the power supply potential Vddl. The power supply potential

Vdd2 is the potential supplied from the outside to the wiring which is electrically

connected to the first terminal of the first transistor and the first terminal of the second

transistor in reading. The power supply potential Vddl is the potential supplied from

the outside to the wiring which is electrically connected to the first terminal of the first

transistor and the first terminal of the second transistor in verification. According to

the one embodiment of the present invention, even in the case where the power supply

potential Vdd in verification differs from that in reading as described above, a judgment

result of verification can be effectively used.

[0016]

In the above structure, the read circuit can include an inverter electrically

connected to the output from the read circuit or a sense amplifier electrically connected

to the output from the read circuit. Accordingly, reading accuracy can be improved.

[0017]

In the above structure, the first transistor can have a back gate.

[0018]

In the above structure, the semiconductor device can include a memory cell.

In that case, the memory cell can be electrically connected to the output from the read

circuit via a third switch.

[0019]

In the above structure, in the verification, the first switch and the third switch



are turned on, whereby the first transistor and the memory cell, and the output from the

read circuit are brought into conduction, and the second switch is off. In the reading,

the second switch and the third switch are turned on, whereby the second transistor and

the memory cell, and the output from the read circuit are brought into conduction, and

the first switch is off.

[0020]

In the above structure, the memory cell can include a memory element

including a floating gate. Alternatively, the memory cell can include an anti-fuse OTP

memory element. In the above structures, binary data can be written to the memory

element.

[0021]

According to the one embodiment of the present invention, a read circuit which

can effectively use a judgment result of verification can be provided. That is,

according to the one embodiment of the present invention, in the case where it is judged

that data is normally written (or erased) in verification, a read circuit which does not

generate a malfunction, for example, a failure in normal reading of the written (or

erased) data, can be provided. According to the one embodiment of the present

invention, even in the case where a power supply potential in verification differs from

that in reading, a read circuit which can effectively use a judgment result of verification

can be provided. Further, a read circuit which can read data with high accuracy can be

provided. In addition, with the above-described read circuit, a highly reliable

semiconductor device can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

FIG. 1A illustrates an example of a circuit configuration of a semiconductor

device and FIG. IB is a schematic view of characteristics of transistors included in the

semiconductor device.

FIGS. 2A and 2B each illustrate an example of circuit operation of a

semiconductor device.

FIGS. 3A and 3B each illustrate an example of circuit operation of a

semiconductor device and FIG. 3C is a schematic view of characteristics of transistors



included in the semiconductor device.

FIGS. 4A and 4B each illustrate an example of circuit operation of a

semiconductor device and FIG. 4C is a schematic view of characteristics of transistors

included in the semiconductor device.

FIGS. 5A to 5C each illustrate an example of a circuit configuration of a

memory cell included in a semiconductor device.

FIG. 6 illustrates an example of a circuit configuration of a semiconductor

device.

FIGS. 7A to 7C each illustrate an example of a structure of a transistor included

in a semiconductor device.

FIGS. 8A to 8F illustrate usage examples of a semiconductor device.

FIGS. 9A and 9B each illustrate an example of a state of data in each operation.

BEST MODE FOR CARRYING OUT THE INVENTION

[0023]

Hereinafter, embodiments of the present invention are described with reference

to the drawings. However, the present invention is not limited to the following

description. The present invention can be implemented in various different ways and it

will be readily appreciated by those skilled in the art that various changes and

modifications are possible without departing from the spirit and scope of the present

invention. Therefore, the present invention should not be interpreted as being limited

to the description of the embodiments to be given below. Note that reference numerals

denoting the same portions are commonly used in different drawings.

[0024]

Note that each structure illustrated in drawings or the like in embodiments is

sometimes exaggerated for simplicity. Therefore, embodiments of the present

invention are not limited to such scales.

[0025]

(Embodiment 1)

In this embodiment, an example of a circuit configuration of a semiconductor

device which is one embodiment of the disclosed invention, a schematic view of

characteristics of transistors included in the semiconductor device, and an example of



circuit operation of the semiconductor device will be described with reference to FIGS.

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

[0026]

FIG. 1A illustrates an example of a circuit configuration of a semiconductor

device, and FIG. I B is a schematic view of characteristics of transistors included in the

semiconductor device. FIGS. 2A and 2B each illustrate an example of circuit

operation of a semiconductor device. FIGS. 3A and 3B each illustrates an example of

circuit operation of a semiconductor device, and FIG. 3C is a schematic view of

characteristics of transistors included in the semiconductor device. FIGS. 4A and 4B

each illustrate an example of circuit operation of a semiconductor device, and FIG. 4C is

a schematic view of characteristics of transistors included in the semiconductor device.

[0027]

<Circuit Configuration of Semiconductor Device>

A semiconductor device including a read circuit 102 is illustrated in FIG. 1A.

The read circuit 102 includes a first transistor 121, a second transistor 122, a first switch

131, and a second switch 132.

[0028]

A first terminal of the first transistor 121 is electrically connected to a gate of

the first transistor 121, and a second terminal of the first transistor 121 is electrically

connected to an output Vout of the read circuit 102 via the first switch 131. A first

terminal of the second transistor 122 is electrically connected to a gate of the second

transistor 122, and a second terminal of the second transistor 122 is electrically

connected to the output Vout of the read circuit 102 via the second switch 132.

[0029]

In the above structure, the first terminal of the first transistor 121 and the first

terminal of the second transistor 122 are electrically connected to a wiring to which a

power supply potential Vdd is supplied. Here, a power supply potential supplied to the

first terminal of the first transistor 121 may be the same potential as or a different

potential from a power supply potential supplied to the first terminal of the second

transistor 122.

[0030]

The read circuit 102 has a function of reading data written to (or erased from) a



memory cell 101. The read circuit 102 may include an inverter which is electrically

connected to an output from the read circuit or a sense amplifier which is electrically

connected to the output from the read circuit.

[0031]

The semiconductor device can include the memory cell 101. That is, the

semiconductor device can be incorporated into the memory cell 101. In that case, the

memory cell 101 can be electrically connected to the output Vout of the read circuit 102

via a third switch 133. The memory cell 101 is electrically connected to a wiring to

which a common potential Vc is supplied. In this manner, the semiconductor device

includes the memory cell 101, whereby an element included in the read circuit 102 and

an element included in the memory cell 101 can be formed over the same substrate

through the same process.

[0032]

Alternatively, the semiconductor device can include a terminal which can be

electrically connected to the memory cell 101. For example, a storage medium

including the memory cell 101 can be inserted in and ejected from the semiconductor

device. In this case, in the state in which the storage medium including the memory

cell 101 is inserted in the semiconductor device, the memory cell 101 can be electrically

connected to the output Vout of the read circuit 102 via the third switch 133.

[0033]

< Characteristics of Transistors included in Semiconductor Device>

FIG. I B is a schematic view of Id-Vg characteristics of the first transistor 121

and the second transistor 122 which are included in the semiconductor device. As

shown in FIG. IB, threshold voltage Vth of the first transistor 121 is different from

threshold voltage Vth of the second transistor 122. Specifically, threshold voltage

Vthl21 of the first transistor 121 is higher than threshold voltage Vth 122 of the second

transistor 122. Accordingly, the first transistor 121 and the second transistor 122

where a relation of Vthl22 < Vthl21 is satisfied are used.

[0034]

N-channel transistors can be used as the first transistor 121 and the second

transistor 122. It is preferable that both of the first transistor 121 and the second

transistor 122 have positive threshold voltage.



[0035]

For example, a channel formation region of the first transistor 121 can be

formed using an oxide semiconductor (that is, an oxide semiconductor is used as a main

component), and a channel formation region of the second transistor 122 can be formed

using silicon (that is, silicon is used as a main component). The channel formation

regions of the first transistor 121 and the second transistor 122 are formed using

different semiconductor materials in this manner, whereby the threshold voltage of the

first transistor 121 can easily be made to differ from that of the second transistor 122 in

comparison with the case where the channel formation regions of the first transistor 121

and the second transistor 122 are formed using the same semiconductor material.

[0036]

As long as a relation of Vthl22 < Vthl21 is satisfied, it is possible to use

materials other than the above-described materials which are used for forming the

channel formation regions of the first transistor 121 and the second transistor 122. In

that case, different semiconductor materials may be used for forming the channel

formation regions of the first transistor 121 and the second transistor 122, or the same

semiconductor material may be used for forming the channel formation regions of the

first transistor 121 and the second transistor 122. In the case where the same

semiconductor material is used, the threshold voltage of the first transistor 121 can be

made to differ from that of the second transistor 122 by changing the amount of or a

material used for an impurity added to a semiconductor layer, a method for

manufacturing the semiconductor layer, a structure of the transistor, or the like.

[0037]

<Circuit Operation Semiconductor Device>

FIGS. 2A and 2B each illustrate an example of circuit operation of the

semiconductor device illustrated in FIG. 1A.

[0038]

FIG. 2A illustrates an example of circuit operation of the semiconductor device

in verification in which whether data is normally written to (or erased from) the memory

cell is judged. FIG. 2B illustrates an example of circuit operation of the semiconductor

device in general reading. Note that reading of data for judgment is referred to as

verification, and general reading of data is simply referred to as reading.



[0039]

As illustrated in FIG. 2A, in verification, the first switch 131 is turned on,

whereby the first transistor 121 and the output Vout of the read circuit 102 are brought

into conduction, and the second switch 132 is off. In addition, the third switch 133 is

turned on, whereby the memory cell 101 and the output Vout of the read circuit 102 are

brought into conduction. In verification, a power supply potential supplied from the

outside to the wiring which is electrically connected to the first terminal of the first

transistor 121 and the first terminal of the second transistor 122 is Vddl.

[0040]

As illustrated in FIG. 2B, in reading, the second switch 132 is turned on,

whereby the second transistor 122 and the output Vout of the read circuit 102 are

brought into conduction, and the first switch 131 is off. In addition, the third switch

133 is turned on, whereby the memory cell 101 and the output Vout of the read circuit

102 are brought into conduction. In reading, a power supply potential supplied from

the outside to the wiring which is electrically connected to the first terminal of the first

transistor 121 and the first terminal of the second transistor 122 is Vdd2.

[0041]

As illustrated in FIGS. 2A and 2B, reading of data in verification can be

performed using the first transistor 121, and reading of data in reading can be performed

using the second transistor 122.

[0042]

As shown in FIG. IB, the threshold voltage Vthl21 of the first transistor 121 is

higher than the threshold voltage Vthl22 of the second transistor 122. Therefore,

reading of data in verification can be performed using the first transistor 121 of which

the threshold voltage Vthl21 is relatively high, whereas reading of data in reading can

be performed using the second transistor 122 of which the threshold voltage Vthl22 is

relatively low.

[0043]

In FIGS. 2A and 2B, the power supply potential Vdd2 has the same value as or

a value smaller than the value of the power supply potential Vddl. That is, the power

supply potential Vdd2 is lower than or equal to the power supply potential Vddl.

[0044]



The circuit operation of the semiconductor device illustrated in FIGS. 2A and

2B will be described with reference to FIGS. 3A to 3C and FIGS. 4A to 4C. FIGS. 3A

and 3B each illustrate the circuit operation of the semiconductor device in verification

illustrated in FIG. 2A. FIGS. 4A and 4B each illustrate the circuit operation of the

semiconductor device in reading illustrated in FIG. 2B.

[0045]

As illustrated in FIG. 3A, in verification, the first switch 131 and the third

switch 133 are turned on, whereby the output Vout of the read circuit 102 and each of

the first transistor 121 and the memory cell 101 are brought into conduction, and the

second switch 132 is off. In verification, a power supply potential supplied from the

outside to the first terminal of the first transistor 121 is Vddl.

[0046]

FIG. 3B is a simplified view of FIG. 3A. Because the first transistor 121

illustrated in FIG. 3A functions as a resistor in FIG. 3B, the first transistor 121 can be

considered as a resistor. In addition, because the memory cell 101 illustrated in FIG.

3A functions as a resistor in FIG. 3B, the memory cell 101 can be considered as a

resistor.

[0047]

As illustrated in FIG. 3B, in verification, the wiring to which the power supply

potential Vddl is supplied is electrically connected to the output Vout of the read circuit

102 via the first transistor 121, and the wiring to which the common potential Vc is

supplied is electrically connected to the output Vout of the read circuit 102 via the

memory cell 101. The first transistor 121 and the memory cell 101 can be considered

as resistors. Therefore, when a resistance value R121 of the first transistor 121 is

larger than a resistance value R101 of the memory cell 101 (R121 > R101), the potential

of the output Vout of the read circuit 102 is a value close to Vc. In contrast, when the

resistance value R121 of the first transistor 121 is smaller than the resistance value

R101 of the memory cell 101 (R121 < RlOl), the potential of the output Vout of the

read circuit 102 is a value close to Vddl.

[0048]

For example, Vout can be referred to as "0" when a relation of R121 > RlOl is



satisfied and Vout can be referred to as "1" when a relation of R121 < R101 is satisfied.

For example, when Vout is "1" in verification, it can be judged that data is written (or

erased) normally.

[0049]

A relation between current 1121 flowing to the first transistor 121 and current

1101 flowing to the memory cell 101 when Vout is "1" is described with reference to

FIG. 3C. FIG. 3C is a schematic view of Id-Vg characteristics of the first transistor

121 and the second transistor 122. In verification, the first transistor 121 the gate of

which is supplied with the power supply potential Vddl is used. Therefore, it is found

that current flowing between the first terminal and the second terminal of the first

transistor 121 in verification is the current 1121 illustrated in FIG. 3C. In addition,

Vout is "1", that is, a relation of R121 < R101 is satisfied; therefore, it is found that the

current 1101 flowing to the memory cell 101 has a value smaller than that of the current

1121.

[0050]

As described above, it is found that the current 1101 flowing to the memory cell

101 to which it is judged that data is written (or erased) normally (Vout = 1) in

verification has a value smaller than that of the current 1121 flowing to the first

transistor 121.

[0051]

Next, the circuit operation of the semiconductor device in general reading is

described with reference to FIGS. 4A and 4B.

[0052]

As illustrated in FIG. 4A, in reading, the second switch 132 and the third switch

133 are turned on, whereby the second transistor 122 and the memory cell 101, and the

output Vout of the read circuit 102 are brought into conduction, and the first switch 131

is off. A power supply potential supplied from the outside to the first terminal of the

second transistor 122 in reading is Vdd2.

[0053]

FIG. 4B is a simplified view of FIG. 4A. Because the second transistor 122

illustrated in FIG. 4A functions as a resistor in FIG. 4B, the second transistor 122 can be



considered as a resistor. Because the memory cell 101 illustrated in FIG. 4A functions

as a resistor in FIG. 4B, the memory cell 101 can be considered as a resistor.

[0054]

As illustrated in FIG. 4B, in reading, the wiring to which the power supply

potential Vdd2 is supplied is electrically connected to the output Vout of the read circuit

102 via the second transistor 122, and the wiring to which the common potential Vc is

supplied is electrically connected to the output Vout of the read circuit 102 via the

memory cell 101. The second transistor 122 and the memory cell 101 can be

considered as resistors. Therefore, when a resistance value R122 of the second

transistor 122 is larger than a resistance value R101 of the memory cell 101 (R122 >

R101), the potential of the output Vout of the read circuit 102 is a value close to Vc. In

contrast, when the resistance value R122 of the second transistor 122 is smaller than the

resistance value R101 of the memory cell 101 (R122 < R101), the potential of the

output Vout of the read circuit 102 is a value close to Vdd2.

[0055]

For example, Vout can be referred to as "0" when a relation of R122 > R101 is

satisfied and Vout can be referred to as "1" when a relation of R122 < R101 is satisfied.

[0056]

The power supply potential Vdd2 in reading has the same value as or a value

smaller than the value of the power supply potential Vddl in verification. That is, the

power supply potential Vdd2 is lower than or equal to the power supply potential Vddl.

In addition, the power supply potential Vdd2 is higher than or equal to minimum

operating voltage VL. The minimum operating voltage VL is a minimum required

power supply potential when the semiconductor device is operated.

[0057]

For example, in the case where the power supply potential Vdd is supplied

wirelessly from the outside, the power supply potential Vdd fluctuates in accordance

with a distance between the semiconductor device and an external device on the power

supply side. For example, when the distance is short, the power supply potential Vdd

supplied from the outside increases. In contrast, when the distance is long, the power

supply potential Vdd supplied from the outside decreases. In that case, the



semiconductor device is designed to operate when a power supply potential which is

higher than or equal to the minimum operating voltage VL is supplied.

[0058]

A distance D2 in reading between the semiconductor device and the external

device on the power supply side is generally the same as or longer than a distance Dl in

verification between the semiconductor device and the external device on the power

supply side. That is, the distance D2 is longer than or equal to the distance Dl.

Therefore, the power supply potential Vdd2 supplied from the outside in reading is

lower than or equal to the power supply potential Vddl supplied from the outside in

verification.

[0059]

A relation between current 1122 flowing to the second transistor 122 and the

current 1101 flowing to the memory cell 101 in reading is described with reference to

FIG. 4C.

[0060]

FIG. 4C is a schematic view of Id-Vg characteristics of the first transistor 121

and the second transistor 122. In reading, the second transistor 122 is used and the

power supply potential Vdd2 is supplied to the gate of the second transistor 122. The

power supply potential Vdd2 in reading has a value within the range from the minimum

operating voltage VL to the power supply potential Vddl in verification. It is found

that current flowing between the first terminal and the second terminal of the second

transistor 122 at this time lies within the range of the current 1122 shown by an arrow in

FIG. 4C.

[0061]

It is acceptable as long as the lower limit I122L of current flowing to the

second transistor 122 in reading is higher than or equal to the current 1121 flowing to

the first transistor 121 in verification, that is, a relation of 1121 ≤ I122L is satisfied.

Therefore, the range of the voltage being capable of reading can be set to satisfy a

relation of 1121 ≤ I122L.

[0062]

As illustrated in FIG. 4C, the current 1122 flowing to the second transistor 122



in reading is higher than the current 1121 flowing to the first transistor 121 in

verification, and the current 1121 flowing to the first transistor 121 in verification is

higher than the current 1101 flowing to the memory cell 101. That is, the current 1122

flowing to the second transistor 122 in reading data is higher than the current 1101

flowing to the memory cell 101. As a result, a relation of R122 < RlOl is satisfied,

and Vout in reading is automatically "1".

[0063]

As described above, this embodiment can provide a read circuit whose Vout is

"1" in reading when it is judged that Vout of a memory cell is "1" and data is normally

written to (or erased from) the memory cell in verification.

[0064]

Note that in FIGS. 3A to 3C and FIGS. 4A to 4C, Vout is "0" when relations of

R121 > RlOl and R122 > RlOl are satisfied, and Vout is "1" when relations of R121 <

RlOl and R122 < RlOl are satisfied; however, an embodiment is not limited thereto.

In contrast, Vout may be "1" when relations of R121 > RlOl and R122 > RlOl are

satisfied, and Vout may be "0" when relations of R121 < RlOl and R122 < RlOl are

satisfied.

[0065]

Further, in FIGS. 3A to 3C, when Vout is "1" in verification, it is judged that

data is written (or erased) normally; however, an embodiment is not limited thereto.

When Vout is "0" in verification, it may be judged that data is written (or erased)

normally.

[0066]

In addition, the read circuit can include an inverter which is electrically

connected to the output from the read circuit or a sense amplifier which is electrically

connected to the output from the read circuit. Thus, reading accuracy can be

improved.

[0067]

According to this embodiment, a read circuit which can effectively use a

judgment result of verification can be provided. That is, the read circuit does not cause

a malfunction, for example, a failure in normal reading of the written (or erased) data,



which is an error, is caused in the case where it judged that data is normally written (or

erased) in verification. This embodiment can provide a read circuit, which can

effectively use a judgment result of verification even in the case where the power supply

potential Vdd in verification is different from that in reading. In addition, this

embodiment can provide a read circuit which can read data with high accuracy.

Further, with the above-described read circuit, this embodiment can provide a highly

reliable semiconductor device.

[0068]

This embodiment can be implemented in combination with another

embodiment, as appropriate.

[0069]

(Embodiment 2)

An example of a circuit configuration of a memory cell included in a

semiconductor device which is one embodiment of the disclosed invention will be

described with reference to FIGS. 5A to 5C.

[0070]

FIGS. 5A to 5C each illustrate a circuit configuration of part of the

semiconductor device illustrated in FIG. 1A. The memory cell 101 included in the

semiconductor device is illustrated in FIG. 5A. The memory cell 101 is electrically

connected to a wiring to which a common potential Vc is supplied. The wiring to

which the common potential Vc is supplied is supplied with a ground potential, for

example.

[0071]

FIG. 5B illustrates an example of a circuit configuration of the memory cell 101

in which a memory element 112 including a floating gate is provided. The memory

cell 101 illustrated in FIG. 5B includes a selection transistor 111, the memory element

112 having a floating gate, a bit line 113, a word line 114, and a selection line 115. A

gate of the selection transistor 111 is electrically connected to the selection line 115, and

a first terminal of the selection transistor 111 is electrically connected to the bit line 113,

and a second terminal of the selection transistor 111 is electrically connected to a first

terminal of the memory element 112. A gate of the memory element 112 having a

floating gate is electrically connected to the word line 114, and a second terminal of the



memory element 112 is electrically connected to the wiring to which the common

potential Vc is supplied. Therefore, the first terminal of the memory element 112 is

electrically connected to the bit line 113 via the selection transistor 111. The wiring to

which the common potential Vc is supplied is supplied with a ground potential, for

example.

[0072]

Circuit operation of the memory cell 101 in which the memory element 112

including a floating gate is provided is illustrated in FIG. 5B.

[0073]

The writing of data to the memory cell 101 is performed in such a way that

charge (e.g., electrons) is injected into the floating gate of the memory element 112.

By injection of charge into the floating gate, threshold voltage of the memory element

112 can be shifted to the positive side. Accordingly, a resistance value of the memory

cell 101 can be increased. For example, Vout can be read as 1 (or 0) after writing of

data.

[0074]

After writing of data in the memory cell 101 is terminated, it is judged

(verified) whether data is normally written to the memory cell 101 by using the read

circuit 102 illustrated in FIG. 1A. As a result, when it is judged that data is normally

written, even in the case where the power supply potential Vdd in verification is

different from that in reading, it is possible to read the written data normally.

[0075]

Data is erased by releasing charge (e.g., electrons) stored in the floating gate of

the memory element 112. The charge stored in the floating gate is released, whereby

the threshold voltage of the memory element 112 can be shifted to the negative side and

the resistance value of the memory cell 101 can be reduced. Accordingly, the

resistance value of the memory cell 101 can be returned to a value close to an initial

state. For example, Vout can be read as 0 (or 1) after erasing (initialization) of data.

[0076]

After erasing of data from the memory cell 101 is terminated, it is judged

(verified) whether data is normally erased from the memory cell 101 by using the read

circuit 102 illustrated in FIG. 1A. When it is judged that data is normally erased as the



result, even when the power supply potential Vdd in verification is different from that in

reading, the erased data can be normally read.

[0077]

In addition, in the memory cell 101 in which the memory element 112 having a

floating gate illustrated in FIG. 5B is provided, the power supply potential Vdd or the

power supply potential Vdd boosted by a circuit in the semiconductor device may be

used for writing or erasing data. In this case, data is not sufficiently written and erased

because of fluctuation of the power supply potential Vdd in some cases. In this case,

the resistance value of the memory cell 101 is sometimes intermediate between a value

which can be normally taken after writing of data and a value which can be normally

taken after erasing of data. In the case where the resistance value of the memory cell

101 is an intermediate value, a judgment result of verification cannot be used effectively

in some cases.

[0078]

However, a semiconductor device including the read circuit 102 illustrated in

FIG. 1A is used, whereby the judgment result of verification can be used effectively.

As a result, accuracy in reading data can be improved.

[0079]

FIG. 5C illustrates an example of a circuit configuration in which the memory

cell 101 includes a one-time-programmable (OTP) memory element 117. The OTP

memory element 117 is a memory element in which data can be written only once.

[0080]

The memory cell 101 illustrated in FIG. 5C includes a selection transistor 116,

the OTP memory element 117, a bit line 118, and a word line 119. A gate of the

selection transistor 116 is electrically connected to the word line 119, a first terminal of

the selection transistor 116 is electrically connected to the bit line 118, and a second

terminal of the selection transistor 116 is electrically connected to a first terminal of the

OTP memory element 117. A second terminal of the OTP memory element 117 is

electrically connected to a wiring to which the common potential Vc is supplied.

Therefore, the first terminal of the OTP memory element 117 is electrically connected to

the bit line 118 via the selection transistor 116. The wiring to which the common

potential Vc is supplied is supplied with a ground potential, for example.



[0081]

For example, an anti-fuse OTP memory element can be used as the OTP

memory element 117. As the anti-fuse OTP memory element, for example, a silicide

memory or an organic memory can be used. The silicide memory includes a structure

in which amorphous silicon is provided between a pair of electrodes. The organic

memory includes a structure in which an organic film is provided between a pair of

electrodes. The anti-fuse OTP memory element has high resistance until writing

operation is performed.

[0082]

Circuit operation of the memory cell 101 including the OTP memory element

117 illustrated in FIG. 5C will be described.

[0083]

Data is written to the memory cell 101 in such a way that a high potential is

supplied to the first terminal of the OTP memory element 117, and high voltage is

applied to the OTP memory element 117. When high voltage is applied to the OTP

memory element 117, the OTP memory element 117 can be changed (e.g., silicide is

formed or fluidization is performed) by generated Joule heat. For example, as for a

silicide memory, high voltage is applied between the pair of electrodes, whereby silicide

can be formed in amorphous silicon provided between the pair of electrodes. In this

manner, the resistance value of the OTP memory element can be decreased. For

example, Vout can be read as 1 (or 0) after writing of data.

[0084]

After writing of data to the memory cell 101 is terminated, it is judged

(verified) whether data is normally written to the memory cell 101 by using the read

circuit 102 illustrated in FIG. 1A. As a result, when it is judged that data is normally

written, the written data can be read normally even in the case where the power supply

potential Vdd in verification is different from that in reading.

[0085]

In addition, in the memory cell 101 in which the OTP memory element 117

illustrated in FIG. 5C is provided, the power supply potential Vdd or the power supply

potential Vdd boosted by a circuit in the semiconductor device may be used for writing

data. In this case, data is not sufficiently written because of fluctuation of the power



supply potential Vdd in some cases. n this case, the resistance value of the memory

cell 101 is sometimes intermediate between a value before writing of data and a value

which is normally taken after writing of data. In the case where the resistance value of

the memory cell 101 is an intermediate value, a judgment result of verification cannot

be used effectively in some cases.

[0086]

However, a semiconductor device including the read circuit 102 illustrated in

FIG. 1A is used, whereby the judgment result of verification can be used effectively.

As a result, accuracy in reading data can be improved.

[0087]

Both the memory element 112 including a floating gate illustrated in FIG. 5B

and the OTP memory element 117 illustrated in FIG. 5C are memory elements to which

binary data can be written.

[0088]

As described above, a semiconductor device including the read circuit 102

illustrated in FIG. 1A is used, whereby the judgment result of verification can be used

effectively. That is, when the semiconductor device including the read circuit 102

illustrated in FIG. 1A is used, in the case where it is judged that data is normally written

(or erased) in verification, it is possible to prevent generation of a malfunction, for

example, a failure in normal reading of the written (or erased) data, which is an error.

When the semiconductor device including the read circuit 102 illustrated in FIG. 1A is

used, even in the case where the power supply potential Vdd fluctuates, the judgment

result of verification can be used effectively. In addition, data can be read with high

accuracy, and a highly reliable semiconductor device can be provided.

[0089]

This embodiment can be implemented in combination with another

embodiment, as appropriate.

[0090]

(Embodiment 3)

In this embodiment, an example of a circuit configuration of a semiconductor

device which is one embodiment of the disclosed invention will be described with

reference to FIG. 6. FIG. 6 is an example in which a structure of the first transistor 121



is different from that in FIG. 1A. A circuit configuration except the structure is similar

to the circuit configuration in FIG. 1A.

[0091]

In FIG. 6, the first transistor 121 has a back gate. In this case, the back gate of

the first transistor 121 can be electrically connected to the first terminal of the first

transistor 121. Accordingly, the threshold voltage of the first transistor 121 can be

shifted to the positive side relatively with ease. As a result, the first transistor 121 and

the second transistor 122 which have characteristics shown in FIG. IB, can be obtained

relatively easily.

[0092]

The circuit operation of the semiconductor device illustrated in FIG. 6 is similar

to the circuit operation of the semiconductor device illustrated in FIG. 1A.

[0093]

The structure illustrated in FIG. 6 is used, whereby a read circuit which can

effectively use the judgment result of verification can be provided. That is, in the case

where it is judged that data is normally written (or erased) in verification, it is possible

to provide a read circuit which does not cause a malfunction, for example, a failure in

normal reading of the written (or erased) data, which is an error. This embodiment can

provide a read circuit which can effectively use the judgment result of verification even

in the case where the power supply potential Vdd in verification is different from that in

reading. In addition, this embodiment can provide a read circuit in which data can be

read with high accuracy. Further, with the above-described read circuit, this

embodiment can provide a highly reliable semiconductor device.

[0094]

This embodiment can be implemented in combination with another

embodiment, as appropriate.

[0095]

(Embodiment 4)

In this embodiment, an example of a transistor included in a semiconductor

device which is one embodiment of the disclosed invention will be described with

reference to FIGS. 7A to 7C. A transistor in FIGS. 7A to 7C includes a channel

formation region formed using an oxide semiconductor.



[0096]

A transistor 313 illustrated in FIG. 7A is formed using a pair of a conductive

layer 305a and a conductive layer 305b which function as a source electrode and a drain

electrode and which are provided over a layer or substrate 303 having an insulating

surface, a semiconductor layer 307 provided over the conductive layer 305a and the

conductive layer 305b, a gate insulating layer 309 provided over the semiconductor

layer 307, and a gate electrode 311 provided over the gate insulating layer 309.

[0097]

The transistor 313 illustrated in FIG. 7A has a top-gate structure in which the

gate electrode 311 is provided above the semiconductor layer 307. In addition, the

transistor 313 has a bottom-contact structure in which the conductive layer 305a and the

conductive layer 305b which function as a source electrode and a drain electrode are

each provided below the semiconductor layer 307. Note that the transistor 313 can

have a top-contact structure in which the conductive layer 305a and the conductive layer

305b are provided over the semiconductor layer 307.

[0098]

The semiconductor layer 307 can be formed with the use of an

In-Sn-Ga-Zn-O-based oxide semiconductor; an In-Ga-Zn-O-based oxide semiconductor,

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

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

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

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

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

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

In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor, or a Zn-O-based

oxide semiconductor. Here, for example, an In-Ga-Zn-O-based oxide semiconductor

means an oxide film containing indium (In), gallium (Ga), and zinc (Zn), and there is no

limitation on the composition ratio thereof. The In-Ga-Zn-O-based oxide

semiconductor may contain an element other than In, Ga, and Zn. Further, Si0 may

be contained in the above oxide semiconductor.

[0099]

For the semiconductor layer 307, an oxide semiconductor represented by the



chemical formula, InM0 3(ZnO)m (m > 0) can be used. Here, M represents one or more

metal elements selected from Zn, Ga, Al, Mn, and Co. For example, M can be Ga, Ga

and Al, Ga and Mn, Ga and Co, or the like.

[0100]

The semiconductor layer 307 is preferably formed by a sputtering method.

For example, the semiconductor layer 307 can be formed by a sputtering method using a

target of the aforementioned oxide.

[0101]

An oxide semiconductor used for the semiconductor layer 307 is an i-type

(intrinsic) oxide semiconductor or an oxide semiconductor extremely close to an i-type

oxide semiconductor, that is, a substantially i-type (intrinsic) oxide semiconductor.

The i-type (intrinsic) oxide semiconductor or substantially i-type (intrinsic) oxide

semiconductor is obtained in such a manner that hydrogen, which is an n-type impurity,

is removed from an oxide semiconductor, and the oxide semiconductor is highly

purified so as to contain as few impurities that are not main components of the oxide

semiconductor as possible.

[0102]

The layer or substrate 303 having an insulating surface has a structure in which

an insulating layer is provided over a substrate, for example. There is no limitation on

a substrate as long as it can withstand a later manufacturing process. For example, a

structure in which an insulating layer is provided over an insulating substrate such as a

glass substrate, a semiconductor substrate such as a silicon substrate, a conductive

substrate such as a metal substrate, a flexible substrate such as a plastic substrate, or the

like can be used as a substrate. In this case, the insulating layer serves as a base

preventing diffusion of impurities from the substrate. For example, an insulating layer

serving as a base is formed to have a single-layer structure including an insulating layer

or a stacked structure including two or more insulating layers, and each insulating layer

includes any of silicon oxide, silicon oxynitride, silicon nitride, hafnium oxide,

aluminum oxide, tantalum oxide, or the like. Note that it is preferable that the

insulating layer contain hydrogen and water as little as possible.

[0103]

The conductive layer 305a and the conductive layer 305b are formed using a



metal material selected from titanium, aluminum, tungsten, chromium, copper, tantalum,

and molybdenum; an alloy material containing the metal material as a component, or the

like. Alternatively, the conductive layer 305a and the conductive layer 305b can be

formed using a material selected from manganese, magnesium, zirconium, and

beryllium. Further alternatively, a material including aluminum and one or more

elements selected from titanium, tantalum, tungsten, molybdenum, chromium,

neodymium, and scandium can be used. Note that the conductive layer 305a and the

conductive layer 305b can be formed to have a single-layer structure or a stacked

structure including two or more layers.

[0104]

The gate insulating layer 309 is formed to have a single-layer structure using an

insulating layer or a stacked structure including two or more insulating layers, and each

insulating layer includes any of silicon oxide, silicon nitride, silicon oxynitride,

aluminum oxide, aluminum nitride, aluminum oxynitride, hafnium oxide, or the like.

The gate insulating layer 309 is preferably formed so as to include as little hydrogen or

water as possible.

[0105]

The gate electrode 311 can be formed to have a single-layer structure or a

stacked structure including two or more layers formed using a metal material selected

from molybdenum, titanium, chromium, tantalum, tungsten, aluminum, copper,

neodymium, scandium, and the like; an alloy material containing the metal material as a

main component; or a nitride (metal nitride) of the metal material. The gate electrode

311 is formed so as to overlap with the semiconductor layer 307 with the gate insulating

layer 309 provided therebetween.

[0106]

A transistor 323 illustrated in FIG. 7B is formed using the gate electrode 311

provided over the layer or substrate 303 having an insulating surface, the gate insulating

layer 309 provided to cover the gate electrode 311, the semiconductor layer 307

provided over the gate insulating layer 309, and a pair of the conductive layer 305a and

the conductive layer 305b which are provided over the semiconductor layer 307. n

addition, a passivation layer 315 is provided to cover the transistor 323.

[0107]



The passivation layer 315 can be formed to have a single-layer structure or a

stacked structure including two or more layers formed using a material such as silicon

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

oxide. Note that whether an insulating layer such as a passivation layer is formed over

the transistor 323, the number of insulating layers to be stacked, the thickness of an

insulating layer, or the like can be changed as appropriate in accordance with the

application of the transistor. Layers other than the passivation layer 315 can be formed

using a material or the like which is similar to that of the transistor 313.

[0108]

The transistor 323 has a bottom-gate structure in which the semiconductor

layer 307 is provided over the gate electrode 311. In addition, the transistor 323 has a

top-contact structure in which the conductive layer 305a and the conductive layer 305b

which function as a source electrode and a drain electrode are provided over the

semiconductor layer 307. In addition, the transistor 323 has a channel-etched structure

in which the semiconductor layer 307 which overlaps with neither the conductive layer

305a nor the conductive layer 305b is partly removed because of etching. Note that

the transistor 323 can have a bottom-contact structure in which the conductive layer

305a and the conductive layer 305b are provided below the semiconductor layer 307.

[0109]

A transistor 333 illustrated in FIG. 7C, which is different from that of the

transistor 323 illustrated in FIG. 7B, has a structure in which a channel protective layer

317 is provided over the semiconductor layer 307. The transistor 333 is formed using

the gate electrode 311 provided over the layer or substrate 303 having an insulating

surface, the gate insulating layer 309 which is provided to cover the gate electrode 311,

the semiconductor layer 307 provided over the gate insulating layer 309, the channel

protective layer 317 which overlaps with the gate electrode 311 and which is provided

over the semiconductor layer 307, and a pair of the conductive layer 305a and the

conductive layer 305b which are provided over the semiconductor layer 307. In

addition, the passivation layer 315 is provided to cover the transistor 333.

[0110]

By providing the channel protective layer 317 in the transistor 333, damage to

a region serving as a channel formation region of the semiconductor layer 307 (e.g., a



reduction in thickness due to plasma damage or an etchant in an etching step) can be

prevented in the later manufacturing process. Materials and the like of layers except

the channel protective layer 317 can be similar to those of the transistor 313.

[0111]

As the first transistor 121 or the second transistor 122 included in the

semiconductor device illustrated in FIG. 1A, any of the transistor 313, the transistor 323,

and the transistor 333 illustrated in FIGS. 7A to 7C, each of which has the

semiconductor layer 307 including an oxide semiconductor as a channel formation

region, can be used.

[0112]

For example, a transistor in which a channel formation region is formed using

an oxide semiconductor (that is, an oxide semiconductor is used as a main component)

illustrated in FIGS. 7Ato 7C can be used as the first transistor 121 illustrated in FIG. 1A,

and a transistor in which a channel formation region is formed using silicon (that is,

silicon is used as a main component) can be used as the second transistor 122 illustrated

in FIG. 1A. The channel formation regions of the first transistor 121 and the second

transistor 122 are formed using different semiconductor materials in this manner,

whereby the threshold voltage of the first transistor 121 can easily be made to differ

from that of the second transistor 122 in comparison with the case where the first

transistor 121 and the second transistor 122 are formed using the same semiconductor

material. As a result, the first transistor 121 and the second transistor 122 which have

characteristics shown in FIG. IB, can be obtained relatively easily.

[0113]

Note that N-channel transistors can be used as the first transistor 121 and the

second transistor 122. It is preferable that both of the first transistor 121 and the

second transistor 122 have positive threshold voltage.

[0114]

In addition, a back gate may be further provided for the transistor 313, the

transistor 323, or the transistor 333 illustrated in FIGS. 7A to 7C, each of which has the

semiconductor layer 307 including an oxide semiconductor as the channel formation

region. As the first transistor 121 or the second transistor 122 included in the

semiconductor device illustrated in FIG. 1A, a transistor having a back gate and a



channel formation region formed using an oxide semiconductor can be used.

[0115]

For example, a transistor having a back gate and a channel formation region

formed using an oxide semiconductor (that is, an oxide semiconductor is used as a main

component) can be used as the first transistor 121 illustrated in FIG. 1A, and a transistor

having a channel formation region formed using silicon (that is, silicon is used as a

main component) can be used as the second transistor 122 illustrated in FIG. 1A. A

circuit configuration in this case corresponds to FIG. 6. A transistor having a back gate

and a channel formation region formed using an oxide semiconductor is used as the first

transistor 121, whereby the threshold voltage of the first transistor 121 can be shifted to

the positive side. As a result, the first transistor 121 and the second transistor 122

which have characteristics shown in FIG. IB, can be obtained relatively easily.

[0116]

Note that a highly purified oxide semiconductor includes extremely few

carriers, and the carrier concentration thereof is lower than 1 x 1012 /cm3, preferably

lower than 1 x 1011 /cm3. Here, a semiconductor with a carrier concentration lower

than 1 x 10 11 /cm3 is called an intrinsic (i-type) semiconductor, and a semiconductor

with a carrier concentration higher than or equal to 1 x 1011 /cm3 and lower than 1 x

1012 /cm3 is called a substantially intrinsic (substantially i-type) semiconductor.

[0117]

Because the number of carriers in the oxide semiconductor is very small, the

off-state current of the transistor can be drastically reduced.

[0118]

For example, the above-described transistor can be used as the first switch 131,

the second switch 132, and the third switch 133 which are included in the

semiconductor device illustrated in FIG. 1A in addition to the first transistor 121 or the

second transistor 122. In addition, the above-described transistor can be used as the

selection transistor 111 included in the memory cell 101 illustrated in FIG. 5B or the

selection transistor 116 included in the memory cell 101 illustrated in FIG. 5C. Thus,

accuracy in reading data from the memory cell can be improved.

[0119]



According to this embodiment, the first transistor 121 and the second transistor

122 which have characteristics shown in FIG. I B can be obtained relatively easily.

The first transistor 121 and the second transistor 122 which have characteristics shown

in FIG. I B are used, whereby a read circuit which can effectively use the judgment

result of verification as described in Embodiment 1 can be provided. That is, in the

case where it is judged that data is normally written (or erased) in verification, it is

possible to provide a read circuit which does not cause a malfunction, for example, a

failure in normal reading of the written (or erased) data, which is an error. In addition,

the transistor described in this embodiment is used, whereby it is possible to provide a

read circuit which can effectively use the judgment result of verification even in the

case where the power supply potential Vdd in verification is different from that in

reading. In addition, it is possible to provide a read circuit in which data can be read

with high accuracy. Further, with the above-described read circuit, a highly reliable

semiconductor device can be provided.

[0120]

This embodiment can be implemented in combination with another

embodiment, as appropriate.

[0121]

(Embodiment 5)

In this embodiment, a usage example of a semiconductor device which is one

embodiment of the disclosed invention will be described with reference to FIGS. 8A to

8F.

[0122]

A semiconductor device in FIG. 1A including the read circuit 102 which reads

data written to the memory cell 101 is particularly effective for a semiconductor device

in which the power supply potential Vdd is supplied from the outside wirelessly (in a

noncontact manner). The semiconductor device in which the power supply potential

Vdd is supplied from the outside wirelessly (in a noncontact manner) includes an

antenna for receiving a power supply potential. Further, the semiconductor device can

include an antenna for transmitting and receiving data.

[0123]

An application example of a semiconductor device (a semiconductor device



600) as shown in FIG. 1A including the read circuit 102 which reads data written to the

memory cell 101 will be described with reference to FIGS. 8A to 8F. The

semiconductor device 600 finds widespread applications. The semiconductor device

600 which is one embodiment of the disclosed invention can be used by being provided

for, for example, bills, coins, securities, bearer bonds, certificates (e.g., driver's licenses

or resident's cards, see FIG. 8A), storage media (e.g., DVD software or video tapes, see

FIG. 8B), packaging containers (e.g., wrapping paper or bottles, see FIG. 8C), vehicles

(e.g., bicycles, see FIG. 8D), personal belongings (e.g., bags or glasses, see FIG. 8E),

foods, plants, animals, human bodies, clothes, commodities, objects such as electronic

devices (e.g., liquid crystal display devices, EL display devices, television sets, or

mobile phones), or tags on objects (see FIG. 8F), or the like.

[0124]

The semiconductor device 600 can be fixed to an object by being mounted on

the object, attached to a surface of the object, or embedded in the object. For example,

if an object is a book, the semiconductor device 600 can be fixed by being embedded in

paper of the book. In addition, if the semiconductor device 600 is included in a

package formed using an organic resin and fixed into an object, the semiconductor

device 600 can be fixed into the object by being embedded in the organic resin.

[0125]

Since the semiconductor device 600 achieves reduction in size, an attractive

design of the object itself is not spoiled even after the semiconductor device 600 is fixed

to the object. In addition, when the semiconductor device 600 is provided for bills,

coins, securities, bearer bonds, certificates, or the like, an authentication function can be

provided, and the semiconductor device 600 can be useful for preventing forgery of bills

or the like can be obtained. Further, when the semiconductor device 600 is attached to

packaging containers, storage media, personal belongings, foods, clothes, commodities,

electronic devices, or the like, a system such as an inspection system can be efficiently

used. Furthermore, when the semiconductor device 600 is attached to the vehicles, the

vehicles can have higher security against theft or the like.

[0126]

As described above, the semiconductor device (the semiconductor device 600)

as shown in FIG. 1A including the read circuit 102 which reads data written to the



memory cell 101 finds widespread applications.

[0127]

According to this embodiment, data can be read with high accuracy; therefore,

reliability in authentication characteristics of an object, security of an object, and the

like can be improved.

[0128]

This embodiment can be implemented in combination with another

embodiment, as appropriate.

This application is based on Japanese Patent Application serial no.

2010-090569 filed with the Japan Patent Office on April 9, 2010, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A semiconductor device comprising a read circuit, the read circuit

comprising:

a first transistor;

a second transistor;

a first switch; and

a second switch,

wherein a first terminal of the first transistor is electrically connected to a gate

of the first transistor,

wherein a second terminal of the first transistor is electrically connected to an

output of the read circuit via the first switch,

wherein a first terminal of the second transistor is electrically connected to a

gate of the second transistor,

wherein a second terminal of the second transistor is electrically connected to

the output of the read circuit via the second switch,

wherein the first terminal of the first transistor is configured to be supplied with

a first power supply potential and the first terminal of the second transistor is configured

to be supplied with a second power supply potential,

wherein a channel formation region of the first transistor comprises an oxide

semiconductor, and

wherein a channel formation region of the second transistor comprises silicon.

2. The semiconductor device according to claim 1, wherein the read circuit is

configured to read data in a memory cell.

3. The semiconductor device according to claim 1, wherein the first power

supply potential and the second power supply potential in reading are lower than or

equal to the first power supply potential and the second power supply potential in

verification, respectively.

4. The semiconductor device according to claim 1, wherein the first power



supply potential and the second power supply potential are supplied from an outside

wirelessly.

5. The semiconductor device according to claim 1, wherein the read circuit

comprises an inverter electrically connected to the output of the read circuit or a sense

amplifier electrically connected to the output of the read circuit.

6. The semiconductor device according to claim 1, wherein the first transistor

comprises a back gate.

7. The semiconductor device according to claim 1 further comprising:

a memory cell; and

a third switch,

wherein the memory cell is electrically connected to the output of the read

circuit via the third switch.

8. The semiconductor device according to claim 7,

wherein in verification, the first switch and the third switch are turned on, and

the first transistor and the output of the read circuit, and the memory cell and the output

of the read circuit are brought into conduction, and

wherein in reading, the second switch and the third switch are turned on, and

the second transistor and the output of the read circuit, and the memory cell and the

output of the read circuit are brought into conduction.

9. The semiconductor device according to claim 7, wherein the memory cell

comprises a memory element including a floating gate.

10. The semiconductor device according to claim 7, wherein the memory cell

comprises an anti-fuse one-time-programmable memory element.

11. A semiconductor device comprising a read circuit, the read circuit

comprising:



a first transistor;

a second transistor;

a first switch; and

a second switch,

wherein a first terminal of the first transistor is electrically connected to a gate

of the first transistor,

wherein a second terminal of the first transistor is electrically connected to an

output of the read circuit via the first switch,

wherein a first terminal of the second transistor is electrically connected to a

gate of the second transistor,

wherein a second terminal of the second transistor is electrically connected to

the output of the read circuit via the second switch,

wherein the first terminal of the first transistor is configured to be supplied with

a first power supply potential and the first terminal of the second transistor is configured

to be supplied with a second power supply potential, and

wherein threshold voltage of the first transistor is different from threshold

voltage of the second transistor.

12. The semiconductor device according to claim 11, wherein the read circuit

is configured to read data in a memory cell.

13. The semiconductor device according to claim 11, wherein the first power

supply potential and the second power supply potential in reading are lower than or

equal to the first power supply potential and the second power supply potential in

verification, respectively.

14. The semiconductor device according to claim 11, wherein the first power

supply potential and the second power supply potential are supplied from an outside

wirelessly.

15. The semiconductor device according to claim 11, wherein the read circuit

comprises an inverter electrically connected to the output of the read circuit or a sense



amplifier electrically connected to the output of the read circuit.

16. The semiconductor device according to claim 11, wherein the first

transistor comprises a back gate.

17. The semiconductor device according to claim 11 further comprising:

a memory cell; and

a third switch,

wherein the memory cell is electrically connected to the output of the read

circuit via the third switch.

18. The semiconductor device according to claim 17,

wherein in verification, the first switch and the third switch are turned on, and

the first transistor and the output of the read circuit, and the memory cell and the output

of the read circuit are brought into conduction, and

wherein in reading, the second switch and the third switch are turned on, and

the second transistor and the output of the read circuit, and the memory cell and the

output of the read circuit are brought into conduction.

19. The semiconductor device according to claim 17, wherein the memory

cell comprises a memory element including a floating gate.

20. The semiconductor device according to claim 17, wherein the memory

cell comprises an anti-fuse one-time-programmable memory element.

21. A semiconductor device comprising a read circuit, the read circuit

comprising:

a first transistor;

a second transistor;

a first switch; and

a second switch,

wherein a first terminal of the first transistor is electrically connected to a gate



of the first transistor,

wherein a second terminal of the first transistor is electrically connected to an

output from the read circuit via the first switch,

wherein a first terminal of the second transistor is electrically connected to a

gate of the second transistor,

wherein a second terminal of the second transistor is electrically connected to

the output from the read circuit via the second switch,

wherein the first terminal of the first transistor is configured to be supplied with

a first power supply potential and the first terminal of the second transistor is configured

to be supplied with a second power supply potential,

wherein in verification, the first switch is turned on, and the first transistor and

the output of the read circuit are brought into conduction,

wherein in reading, the second switch is turned on, and the second transistor

and the output of the read circuit are brought into conduction, and

wherein threshold voltage of the first transistor is higher than threshold voltage

of the second transistor.

22. The semiconductor device according to claim 21, wherein the read circuit

is configured to read data in a memory cell.

23. The semiconductor device according to claim 21, wherein the first power

supply potential and the second power supply potential in reading are lower than or

equal to the first power supply potential and the second power supply potential in

verification, respectively.

24. The semiconductor device according to claim 21, wherein the first power

supply potential and the second power supply potential are supplied from an outside

wirelessly.

25. The semiconductor device according to claim 21, wherein the read circuit

comprises an inverter electrically connected to the output of the read circuit or a sense

amplifier electrically connected to the output of the read circuit.



26. The semiconductor device according to claim 21, wherein the first

transistor comprises a back gate.

27. The semiconductor device according to claim 21, further comprising:

a memory cell; and

a third switch,

wherein the memory cell is electrically connected to the output of the read

circuit via the third switch.

28. The semiconductor device according to claim 27,

wherein in the verification, the first switch and the third switch are turned on,

and the first transistor and the output of the read circuit, and the memory cell and the

output of the read circuit are brought into conduction, and

wherein in the reading, the second switch and the third switch are turned on,

and the second transistor and the output of the read circuit, and the memory cell and the

output of the read circuit are brought into conduction.

29. The semiconductor device according to claim 27, wherein the memory

cell comprises a memory element including a floating gate.

30. The semiconductor device according to claim 27, wherein the memory

cell comprises an anti-fuse one-time-programmable memory element.

31. The semiconductor device according to claim 1, wherein the first power

supply potential is a same potential as the second power supply potential.

32. The semiconductor device according to claim 11, wherein the first power

supply potential is a same potential as the second power supply potential.

33. The semiconductor device according to claim 21, wherein the first power

supply potential is a same potential as the second power supply potential.
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