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(57) Abstract: In a rectifier circuit, by using a transistor whose off-state current is small as a so-called diode-connected MOS tran

o sistor included in the rectifier circuit, breakdown which is caused when a reverse bias is applied is prevented. Thus, an object is to
provide a rectifier circuit whose reliability is increased and rectification efficiency is improved. A gate and a drain of a transistor
are both connected to a terminal of the rectifier circuit to which an AC signal is input. In the transistor, an oxide semiconductor is
used for a channel formation region and the off-state current at room temperature is less than or equal to 10 Α/µπι, which is
equal to 10 ζΑ/µ (z: zepto), when the source-drain voltage is 3.1 V.



DESCRIPTION

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING

SEMICONDUCTOR DEVICE

TECHNICAL FIELD

[0001]

The technical field relates to a rectifier circuit and a wireless communication

device using the rectifier circuit.

BACKGROUND ART

[0002]

In a wireless communication system using radio frequency identification

(RFID) technology, when an antenna included in a data carrier receives a carrier wave

transmitted from an antenna included in a reader/writer, an electromotive force is

induced by electromagnetic induction. Then, a rectifier circuit included in the data

carrier generates direct current from alternating current induced in the antenna.

[0003]

In general, a rectifier circuit included in a data carrier includes a so-called

diode-connected MOS transistor (hereinafter referred to as a "transistor") in which a

gate is connected to a source or a drain. The rectifier circuit rectifies an AC signal to a

DC signal.

[0004]

In order to prevent breakdown of the diode-connected transistor included in the

rectifier circuit, peak reverse voltage that is approximately three times as high as AC

voltage to be rectified is needed. Here, the level of AC voltage input to the rectifier

circuit included in the data carrier varies depending on the distance between the antenna

of the reader/writer and the antenna of the data carrier. Therefore, it is necessary to

select a transistor to be used in consideration of the maximum AC voltage input to the

rectifier circuit.

[0005]

FIG. 2 is a graph showing reverse-bias static characteristics of diode-connected



transistors (whose channel formation regions are formed using polysilicon and off-state

current is 10~9 Α µπ ) included in a rectifier circuit. Note that the horizontal axis

represents voltage [V] and the vertical axis represents current [A]. According to the

graph, when a reverse bias is applied to the diode-connected transistors, a breakdown

phenomenon occurs with voltages of higher than -10 V and the transistors are broken.

[0006]

Reverse current which flows in a reverse-bias state correlates with off-state

current of the diode-connected transistor. A free electron in the reverse current is

accelerated by an electric field and causes collisional ionization; thus, the breakdown

phenomenon occurs.

[0007]

Therefore, it is important to use a transistor whose off-state current is small as

the diode-connected transistor included in the rectifier circuit in order to prevent

breakdown of the transistor and increase reliability of the rectifier circuit.

[0008]

By the way, it is known that a transistor in which an oxide semiconductor is

used for a channel formation region has small off-state current.

[0009]

In Non-Patent Document 1, a rectifier circuit including a transistor in which an

oxide semiconductor is used for a channel formation region is proposed.

[Reference]

[Non-Patent Document]

[0010]

[Non-Patent Document 1] S. H. Cho, S. W. Kim, D. W. Ihm, B. S. Bae, D. H. Cho, C. W.

Byun, C. S. Hwang, S. H. K. Park, "Oxide TFT Rectifier with RF Antenna", IDW'09,

2009, pp. 1815-1817

DISCLOSURE OF INVENTION

[0011]

Non-Patent Document 1 discloses a full-wave voltage doubler rectifier circuit

(Fig. 4(a) in Non-Patent Document 1) and a half-wave rectifier circuit (Fig. 4(b) in



Non-Patent Document 1) each of which includes a transistor whose channel is formed

—12using indium gallium zinc oxide (IGZO) and off-state current is 10 Α µ η .

[0012]

Here, a half-wave rectifier circuit is a circuit which rectifies only a half cycle of

alternating current. In contrast, a full-wave voltage doubler rectifier circuit is a circuit

in which two half-wave rectifier circuits are connected in series and which rectifies a

full cycle of the alternating current including the remaining half cycle, which is not

rectified by the half-wave rectifier circuit. Therefore, the output of the full-wave

voltage doubler rectifier circuit is approximately twice as high as the output of the

half-wave rectifier circuit.

[0013]

However, when AC voltage with a voltage amplitude of 10 V is rectified by the

full-wave voltage doubler rectifier circuit of Non-Patent Document 1 (Fig. 4(a) in

Non-Patent Document 1), the resulting DC voltage is approximately 4.8 V (Fig. 5(a) in

Non-Patent Document 1). When AC voltage with a voltage amplitude of 10 V is

rectified by the half-wave rectifier circuit (Fig. 4(b) in Non-Patent Document 1), the

resulting DC voltage is approximately 5 V (Fig. 5(b) in Non-Patent Document 1).

[0014]

These results are analyzed in Non-Patent Document 1 as follows: since two

high-resistance transistors (the transistors in which an oxide semiconductor is used for

the channel formation regions) are used in the full-wave voltage doubler rectifier circuit

(Fig. 4(a) in Non-Patent Document 1), the degree of voltage drop therein is higher than

that in the half-wave rectifier circuit (Fig. 4(b) in Non-Patent Document 1) in which a

single transistor is used.

[0015]

The off-state current of the transistor disclosed in Non-Patent Document 1, in

which an oxide semiconductor is used for the channel formation region, is 10—12 Α/µπ ;

this means that the transistor is resistant to breakdown due to application of a reverse

bias as compared to a polysilicon transistor. However, characteristics of a normal

rectifier circuit are not obtained in the transistor of Non-Patent Document 1 and the

rectification efficiency is insufficient.



[0016]

An object is to provide a rectifier circuit whose reliability is increased and

rectification efficiency is improved by using a diode-connected transistor in which an

oxide semiconductor is used for a channel formation region for prevention of

breakdown of the transistor.

[0017]

An embodiment of the present invention is a rectifier circuit including a

transistor, a terminal to which an AC signal is input, a capacitor, and an output terminal.

A gate of the transistor and one of a source and a drain of the transistor are electrically

connected to the terminal to which an AC signal is input. The other of the source and

the drain of the transistor and a first electrode of the capacitor are electrically connected

to the output terminal. A ground potential is electrically connected to a second

electrode of the capacitor. A channel formation region of the transistor includes an

oxide semiconductor. The carrier density in the oxide semiconductor is lower than 1 x

1014 /cm3.

[0018]

Another embodiment of the present invention is a rectifier circuit including a

transistor, a terminal to which an AC signal is input, a capacitor, and an output terminal.

A gate of the transistor and one of a source and a drain of the transistor are electrically

connected to the terminal to which an AC signal is input. The other of the source and

the drain of the transistor and a first electrode of the capacitor are electrically connected

to the output terminal. A ground potential is electrically connected to a second

electrode of the capacitor. A channel formation region of the transistor includes an

oxide semiconductor. The off-state current of the transistor at room temperature is less

than or equal to 10 ζΑ/µπι when source-drain voltage is 3.1 V.

[0019]

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

rectifier circuit including a transistor, a terminal to which an AC signal is input, a

capacitor, and an output terminal. In the rectifier circuit, a gate of the transistor and

one of a source and a drain of the transistor are electrically connected to the terminal to

which an AC signal is input, the other of the source and the drain of the transistor and a



first electrode of the capacitor are electrically connected to the output terminal, and a

ground potential is electrically connected to a second electrode of the capacitor. The

method for manufacturing the rectifier circuit includes the steps of forming a channel

formation region of the transistor with the use of a first oxide semiconductor;

performing first heat treatment for removing hydrogen, water, and a hydroxyl group on

the first oxide semiconductor so that a second oxide semiconductor is formed; and

performing second heat treatment for repairing oxygen deficiency in the second oxide

semiconductor in an oxygen atmosphere or an atmosphere including nitrogen and

oxygen, successively to the first heat treatment, so that a third oxide semiconductor is

formed. In the method for manufacturing the rectifier circuit, the third oxide

semiconductor is used for the channel formation region of the transistor.

[0020]

Another embodiment of the present invention is a rectifier circuit including a

first transistor, a second transistor, a terminal to which an AC signal is input, a first

capacitor, a second capacitor, and an output terminal. A first electrode of the first

capacitor is electrically connected to the terminal to which an AC signal is input. One

of a source and a drain of the first transistor, a gate of the first transistor, and one of a

source and a drain of the second transistor are electrically connected to a second

electrode of the first capacitor. The other of the source and the drain of the first

transistor and a first electrode of the second capacitor are electrically connected to the

output terminal. A ground potential, a gate of the second transistor, and the other of

the source and the drain of the second transistor are electrically connected to a second

electrode of the second capacitor. Channel formation regions of the first transistor and

the second transistor include an oxide semiconductor. The carrier density in the oxide

semiconductor is lower than 1 x 1014 /cm3.

[0021]

Another embodiment of the present invention is a rectifier circuit including a

first transistor, a second transistor, a terminal to which an AC signal is input, a first

capacitor, a second capacitor, and an output terminal. A first electrode of the first

capacitor is electrically connected to the terminal to which an AC signal is input. One

of a source and a drain of the first transistor, a gate of the first transistor, and one of a

source and a drain of the second transistor are electrically connected to a second



electrode of the first capacitor. The other of the source and the drain of the first

transistor and a first electrode of the second capacitor are electrically connected to the

output terminal. A ground potential, a gate of the second transistor, and the other of

the source and the drain of the second transistor are electrically connected to a second

electrode of the second capacitor. Channel formation regions of the first transistor and

the second transistor include an oxide semiconductor. The off-state current of each of

the first transistor and the second transistor at room temperature is less than or equal to

10 ζΑ/µη when source-drain voltage is 3.1 V.

[0022]

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

rectifier circuit including a first transistor, a second transistor, a terminal to which an AC

signal is input, a first capacitor, a second capacitor, and an output terminal. In the

rectifier circuit, a first electrode of the first capacitor is electrically connected to the

terminal to which an AC signal is input; one of a source and a drain of the first transistor,

a gate of the first transistor, and one of a source and a drain of the second transistor are

electrically connected to a second electrode of the first capacitor; the other of the source

and the drain of the first transistor and a first electrode of the second capacitor are

electrically connected to the output terminal; and a ground potential, a gate of the

second transistor, and the other of the source and the drain of the second transistor are

electrically connected to a second electrode of the second capacitor. The method for

manufacturing the rectifier circuit includes the steps of forming channel formation

regions of the first transistor and the second transistor with the use of a first oxide

semiconductor; performing first heat treatment for removing hydrogen, water, and a

hydroxyl group on the first oxide semiconductor so that a second oxide semiconductor

is formed; and performing second heat treatment for repairing oxygen deficiency in the

second oxide semiconductor in an oxygen atmosphere or an atmosphere including

nitrogen and oxygen, successively to the first heat treatment, so that a third oxide

semiconductor is formed. In the method for manufacturing the rectifier circuit, the

third oxide semiconductor is used for the channel formation regions of the first

transistor and the second transistor.

[0023]

Another embodiment of the present invention is a wireless communication



device including a transistor, a terminal to which an AC signal is input, a capacitor, an

output terminal, and an antenna. A gate of the transistor and one of a source and a

drain of the transistor are electrically connected to the terminal to which an AC signal is

input. The other of the source and the drain of the transistor and a first electrode of the

capacitor are electrically connected to the output terminal. A ground potential is

electrically connected to a second electrode of the capacitor. The AC signal is a signal

received by the antenna. A channel formation region of the transistor includes an

oxide semiconductor. The carrier density in the oxide semiconductor is lower than 1 x

1014 /cm3.

[0024]

Another embodiment of the present invention is a wireless communication

device including a transistor, a terminal to which an AC signal is input, a capacitor, an

output terminal, and an antenna. A gate of the transistor and one of a source and a

drain of the transistor are electrically connected to the terminal to which an AC signal is

input. The other of the source and the drain of the transistor and a first electrode of the

capacitor are electrically connected to the output terminal. A ground potential is

electrically connected to a second electrode of the capacitor. The AC signal is a signal

received by the antenna. A channel formation region of the transistor includes an

oxide semiconductor. The off-state current of the transistor at room temperature is less

than or equal to 10 ζΑ µ when source-drain voltage is 3.1 V.

[0025]

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

wireless communication device including a transistor, a terminal to which an AC signal

is input, a capacitor, an output terminal, and an antenna. In the wireless

communication device, a gate of the transistor and one of a source and a drain of the

transistor are electrically connected to the terminal to which an AC signal is input, the

other of the source and the drain of the transistor and a first electrode of the capacitor

are electrically connected to the output terminal, a ground potential is electrically

connected to a second electrode of the capacitor, and the AC signal is a signal received

by the antenna. The method for manufacturing the wireless communication device

includes at least the steps of forming a channel formation region of the transistor with



the use of a first oxide semiconductor; performing first heat treatment for removing

hydrogen, water, and a hydroxyl group on the first oxide semiconductor so that a second

oxide semiconductor is formed; and performing second heat treatment for repairing

oxygen deficiency in the second oxide semiconductor in an oxygen atmosphere or an

atmosphere including nitrogen and oxygen, successively to the first heat treatment, so

that a third oxide semiconductor is formed.

[0026]

Another embodiment of the present invention is a wireless communication

device including a first transistor, a second transistor, a terminal to which an AC signal

is input, a first capacitor, a second capacitor, an output terminal, and an antenna. A

first electrode of the first capacitor is electrically connected to the terminal to which an

AC signal is input. One of a source and a drain of the first transistor, a gate of the first

transistor, and one of a source and a drain of the second transistor are electrically

connected to a second electrode of the first capacitor. The other of the source and the

drain of the first transistor and a first electrode of the second capacitor are electrically

connected to the output terminal. A ground potential, a gate of the second transistor,

and the other of the source and the drain of the second transistor are electrically

connected to a second electrode of the second capacitor. The AC signal is a signal

received by the antenna. Channel formation regions of the first transistor and the

second transistor include an oxide semiconductor. The carrier density in the oxide

semiconductor is lower than 1 x 1014 /cm3.

[0027]

Another embodiment of the present invention is a wireless communication

device including a first transistor, a second transistor, a terminal to which an AC signal

is input, a first capacitor, a second capacitor, an output terminal, and an antenna. A

first electrode of the first capacitor is electrically connected to the terminal to which an

AC signal is input. One of a source and a drain of the first transistor, a gate of the first

transistor, and one of a source and a drain of the second transistor are electrically

connected to a second electrode of the first capacitor. The other of the source and the

drain of the first transistor and a first electrode of the second capacitor are electrically

connected to the output terminal. A ground potential, a gate of the second transistor,

and the other of the source and the drain of the second transistor are electrically



connected to a second electrode of the second capacitor. The AC signal is a signal

received by the antenna. Channel formation regions of the first transistor and the

second transistor include an oxide semiconductor. The off-state current of each of the

first transistor and the second transistor at room temperature is less than or equal to 10

ζΑ/µπ when source-drain voltage is 3.1 V.

[0028]

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

wireless communication device including a first transistor, a second transistor, a

terminal to which an AC signal is input, a first capacitor, a second capacitor, an output

terminal, and an antenna. In the wireless communication device, a first electrode of

the first capacitor is electrically connected to the terminal to which an AC signal is

input; one of a source and a drain of the first transistor, a gate of the first transistor, and

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

second electrode of the first capacitor; the other of the source and the drain of the first

transistor and a first electrode of the second capacitor are electrically connected to the

output terminal; a ground potential, a gate of the second transistor, and the other of the

source and the drain of the second transistor are electrically connected to a second

electrode of the second capacitor; and the AC signal is a signal received by the antenna.

The method for manufacturing the wireless communication device includes the steps of

forming channel formation regions of the first transistor and the second transistor with

the use of a first oxide semiconductor; performing first heat treatment for removing

hydrogen, water, and a hydroxyl group on the first oxide semiconductor so that a second

oxide semiconductor is formed; and performing second heat treatment for repairing

oxygen deficiency in the second oxide semiconductor in an oxygen atmosphere or an

atmosphere including nitrogen and oxygen, successively to the first heat treatment, so

that a third oxide semiconductor is formed. In the method for manufacturing the

wireless communication device, the third oxide semiconductor is used for the channel

formation regions of the first transistor and the second transistor.

[0029]

Another embodiment of the present invention is a wireless communication

device including any of the above rectifier circuits.

[0030]



A rectifier circuit in which dielectric breakdown is difficult to occur can be

provided. Accordingly, the lifetime of a wireless communication device including the

rectifier circuit can be increased.

BRIEF DESCRIPTION OF DRAWINGS

[0031]

In the accompanying drawings:

FIGS. 1A and I B are circuit diagrams illustrating configurations of rectifier

circuits;

FIG. 2 is a graph showing reverse-bias static characteristics of diode-connected

transistors included in a rectifier circuit;

FIG. 3 is a diagram of a circuit for evaluating characteristics of a transistor in

which an oxide semiconductor is used for a channel formation region;

FIG. 4 is a graph showing characteristics of a transistor in which an oxide

semiconductor is used for a channel formation region;

FIG. 5 is a graph showing characteristics of a transistor in which an oxide

semiconductor is used for a channel formation region;

FIG. 6 is a graph showing characteristics of a transistor in which an oxide

semiconductor is used for a channel formation region;

FIG. 7 is a graph showing a diode characteristic of a diode-connected transistor

in which an oxide semiconductor is used for a channel formation region;

FIGS. 8A to 8E are views illustrating an example of a method for

manufacturing a transistor; and

FIGS. A and 9B are graphs showing input voltage and output voltage of

rectifier circuits.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032]

(Embodiment 1)

As a transistor included in a rectifier circuit, a transistor described below is

used, in which an oxide semiconductor that is purified and made electrically i-type

(intrinsic) or substantially i-type (intrinsic) is used for a channel formation region.



[0033]

<Transistor in which oxide semiconductor is used for channel formation region>

An oxide semiconductor disclosed in this specification will be described.

Impurities such as hydrogen, water, a hydroxyl group, or hydroxide (also referred to as

a hydrogen compound) which serve as donors are intentionally removed from the oxide

semiconductor included in the transistor, and then oxygen which is simultaneously

reduced in the step of removing these impurities is supplied, so that the oxide

semiconductor is purified and made electrically i-type (intrinsic) or substantially i-type

(intrinsic). The purpose of this treatment is to suppress fluctuation in electric

characteristics of the transistor.

[0034]

Hydrogen included in the oxide semiconductor is removed as much as possible;

thus, the carrier density in the oxide semiconductor is lower than 1 x 1014 /cm3,

preferably lower than 1 x 1012 /cm3, further preferably lower than 1 x 1010 /cm3.

[0035]

In an oxide semiconductor, which is a wide bandgap semiconductor, the

density of the minority carrier is low and the minority carrier is difficult to be induced.

Thus, it can be said that, in the transistor in which an oxide semiconductor is used for

the channel formation region, tunneling current is difficult to be generated; consequently,

off-state current is difficult to flow.

[0036]

In addition, impact ionization and avalanche breakdown are less likely to occur

in the transistor in which the oxide semiconductor, which is a wide bandgap

semiconductor, is used for the channel formation region. The hot carrier deterioration

is mainly caused by increase in the number of carriers due to avalanche breakdown and

by injection of the carriers accelerated to high speed to a gate insulating film.

Therefore, it can be said that the transistor in which an oxide semiconductor is used for

the channel formation region has resistance to hot carrier deterioration.

[0037]

Note that in this specification, off-state current refers to current that flows

between a source and a drain of an n-channel transistor whose threshold voltage Vth is



positive when a given gate voltage of higher than or equal to -20 V and lower than or

equal to - 5 V is applied at room temperature. Note that the room temperature refers to

a temperature of higher than or equal to 15 °C and lower than or equal to 25 °C.

[0038]

The current value per micrometer in a channel width W at room temperature of

the transistor in which an oxide semiconductor that is purified and made electrically

i-type (intrinsic) or substantially i-type (intrinsic) is used for the channel formation

region is less than or equal to 10~16 Α/µπ , preferably less than or equal to 10~18 Α/µπ ,

which is equal to 1 aA µπ (a: atto), further preferably less than or equal to 10~21 Α/µ ,

which is equal to 1 ζΑ/µπι (z: zepto).

[0039]

<Result of measurement of off-state current>

Results of measurement of off-state current of a transistor in which an oxide

semiconductor that is purified and made electrically i-type (intrinsic) or substantially

i-type (intrinsic) is used for a channel formation region will be described.

[0040]

First, an element for characteristic evaluation which is used for a method for

measuring current will be described with reference to FIG. 3. In the element for

characteristic evaluation in FIG. 3, three measurement systems 30 are connected in

parallel. Each of the measurement systems 30 includes a capacitor C30, transistors

M30 and M31 in which an oxide semiconductor that is purified and made electrically

i-type (intrinsic) or substantially i-type (intrinsic) is used for channel formation regions,

and transistors M32 and M33.

[0041]

One of a source and a drain of the transistor M30 is connected to a power

source which supplies voltage V2. The other of the source and the drain of the

transistor M30 is connected to one of a source and a drain of the transistor M31. A

gate of the transistor M30 is connected to a wiring through which voltage Vext_b2 is

supplied.

[0042]

The other of the source and the drain of the transistor M31 is connected to a



power source which supplies voltage VI. A gate of the transistor M31 is connected to

a wiring through which voltage Vext bl is supplied.

[0043]

One of a source and a drain of the transistor M32 is connected to the power

source which supplies the voltage V2. The other of the source and the drain of the

transistor M32 is connected to an output terminal. A gate of the transistor M32 is

connected to one terminal of the capacitor C30.

[0044]

One of a source and a drain of the transistor M33 is connected to the output

terminal. The other of the source and the drain of the transistor M33 is connected to a

gate thereof.

[0045]

The other terminal of the capacitor C30 is connected to the power source which

supplies the voltage V2.

[0046]

Next, a method for measuring current with the use of the element for

characteristic evaluation illustrated in FIG. 3 will be described. First, an initial period

in which a potential difference is applied to measure the off-state current will be

described. In the initial period, the voltage Vext bl with which the transistor M31 is

turned on is input to the gate of the transistor M31, so that the transistor M31 is turned

on. Consequently, the voltage VI is input to a node A which is a node connected to the

other of the source and the drain of the transistor M30 (i.e., a node connected to the one

of the source and the drain of the transistor M31, the one terminal of the capacitor C30,

and the gate of the transistor M32). Here, the voltage VI is high voltage. In addition,

the transistor M30 is off.

[0047]

After that, the voltage Vext bl with which the transistor M31 is turned off is

input to the gate of the transistor M31, so that the transistor M31 is turned off. After

the transistor M31 is turned off, the voltage VI is set to low. Here, the transistor M30

is still off. The voltage V2 as well as the voltage VI is set to low.

[0048]



In the above manner, the initial period is completed. In the state where the

initial period is completed, a potential difference is generated between the node A and

the one of the source and the drain of the transistor M30. Further, a potential

difference is generated between the node A and the other of the source and the drain of

the transistor M31. Accordingly, electric charge slightly flows through the transistor

M30 and the transistor M31. That is, off-state current is generated.

[0049]

Next, a measurement period of the off-state current will be described. In the

measurement period, the voltage VI and the voltage V2 are both fixed to low. In

addition, the node A is in a floating state. As a result, electric charge flows through the

transistor M30, and the amount of electric charge stored in the node A is changed as

time passes. In other words, the potential of the node A is changed and output

potential Vo t of the output terminal is also changed.

[0050]

Next, a method for calculating the off-state current on the basis of the obtained

output potential Vo t will be described. A potential V A of the node A is expressed by

Formula 1 as a function of the output potential Vout-

[Formula 1]

V = F{V
I
) ( 1

[0051]

Electric charge QA of the node A is expressed by Formula 2.

[Formula 2]

Q A = C AVA + CONST ( )

CA capacitance connected to the node A (the sum of the capacitance of the capacitor

C30 and the other capacitance).

[0052]

Current IA of the node A can be obtained by differentiating electric charge

flowing to the node A (or electric charge flowing from the node A) with respect to time.

Accordingly, the current IA of the node A is expressed by Formula 3.



[Formula 3]

[0053]

In current measurement described below, the transistors M30 and M31 in the

element for characteristic evaluation are each a transistor in which an oxide

semiconductor that is purified and made electrically i-type (intrinsic) or substantially

i-type (intrinsic) is used for the channel formation region. In each of the transistors,

W/L is 50/10 [µ ]. In addition, in the measurement systems 30 connected in parallel,

respective capacitance values of the capacitors C30 are 100 fF, 1 pF, and 3 pF.

[0054]

The high voltage is set at 5 V, and the low voltage is set at 0 V. The voltage

VI is basically low in the measurement period; the voltage VI is set to high for only

100 msec in every 10 sec to 300 sec because an output circuit needs to be operated at a

timing of measuring the output potential Vo u t- In addition, At in Formula 3 is

approximately 30000 [sec].

[0055]

FIG. 4 shows the relation between elapsed time Time in the current

measurement and the output potential Vo t. According to FIG. 4, the potential is

changed as time passes.

[0056]

FIG. 5 shows the off-state current at room temperature (25 °C) calculated on

the basis of the current measurement. Note that FIG. 5 shows the relation between

source-drain voltage V and off-state current I. According to FIG. 5, the off-state

current I is approximately 40 ζΑ µπι when the source-drain voltage is 4 V. In addition,

the off-state current is less than or equal to 10 ζΑ/µπ when the source-drain voltage is

3.1 V.

[0057]

FIG. 6 shows the off-state current in an environment at a temperature of 85 °C,

calculated on the basis of the current measurement. FIG. 6 shows the relation



between the source-drain voltage V and the off-state current I in the environment at a

temperature of 85 °C. According to FIG. 6, the off-state current is less than or equal to

100 ζΑ/ µιη when the source-drain voltage is 3.1 V.

[0058]

Configuration of rectifier circuit>

A rectifier circuit illustrated in FIG. 1A includes a transistor Ml, a terminal 10

to which an AC signal is input, a capacitor CI, and an output terminal 11 and has the

following configuration. A gate of the transistor Ml and one of a source and a drain of

the transistor Ml are electrically connected to the terminal 10 to which an AC signal is

input. The other of the source and the drain of the transistor Ml and a first electrode

of the capacitor CI are electrically connected to the output terminal 11. A ground

potential is electrically connected to a second electrode of the capacitor CI.

[0059]

The rectifier circuit rectifies an AC signal input to the terminal 10 and outputs a

DC signal from the terminal 11. This rectifier circuit includes the capacitor CI and the

diode-connected transistor Ml in which an oxide semiconductor that is purified and

made electrically i-type (intrinsic) or substantially i-type (intrinsic) is used for a channel

formation region.

[0060]

Note that in FIGS. 1A and IB, "OS" is written beside a circuit symbol that

represents a transistor in order to show that the transistor is the one in which an oxide

semiconductor is used for a channel formation region.

[0061]

A rectifier circuit illustrated in FIG. I B includes a first transistor M3, a second

transistor M2, the terminal 10 to which an AC signal is input, a first capacitor C2, a

second capacitor C3, and the output terminal 11 and has the following configuration.

A first electrode of the capacitor C2 is electrically connected to the terminal 10 to which

an AC signal is input. One of a source and a drain of the transistor M3, a gate of the

transistor M3, and one of a source and a drain of the transistor M2 are electrically

connected to a second electrode of the capacitor C2. The other of the source and the

drain of the transistor M3 and a first electrode of the capacitor C3 are electrically



connected to the output terminal 11. A ground potential, a gate of the transistor M2,

and the other of the source and the drain of the transistor M2 are electrically connected

to a second electrode of the capacitor C3.

[0062]

The rectifier circuit rectifies an AC signal input to the terminal 10 and outputs a

DC signal from the terminal 11. This rectifier circuit includes the capacitors C2 and

C3 and the diode-connected transistors M2 and M3 in which an oxide semiconductor

that is purified and made electrically i-type (intrinsic) or substantially i-type (intrinsic)

is used for channel formation regions.

[0063]

FIG. 7 is a graph showing a diode characteristic of a diode-connected transistor

in which an oxide semiconductor that is purified and made electrically i-type (intrinsic)

or substantially i-type (intrinsic) is used for a channel formation region. This graph

shows that even when a reverse-bias voltage of -30 V is applied, a breakdown

phenomenon does not occur and the transistor is not broken.

[0064]

A loss of power P in the rectifier circuit is expressed by Formula 4.

[Formula 4]

I: current, RDS(ON on-state resistance of transistor.

[0065]

According to Formula 4, the higher the on-state resistance (the smaller the

on-state current) of the transistor is, the more the loss of power in the rectifier circuit is.

[0066]

Here, drain current IDS of the transistor in a saturation region is expressed by

Formula 5.

[Formula 5]



µ: mobility, C : capacitance per unit area of gate oxide film, W : channel width, V Q: gate

voltage, VTH: threshold voltage, L : channel length.

[0067]

According to Formula 5, the following first to third conditions need to be

satisfied in order to increase the on-state current of the transistor. The first condition is

improvement in the mobility µ. The second condition is reduction in the channel

length L. The third condition is increase in the channel width W.

[0068]

That is, increase in the channel width W and the on-state current of the

transistor can be given as one of way for reducing the loss of power. However, since

the value of the channel width W also correlates with the value of the off-state current,

there is a limit on the value of the channel width W. As described above, when a

transistor whose off-state current is large is used in a rectifier circuit, the possibility of

dielectric breakdown due to a breakdown phenomenon or heat generation is increased.

[0069]

Here, the off-state current at room temperature of the transistor in which an

oxide semiconductor that is purified and made electrically i-type (intrinsic) or

substantially i-type (intrinsic) is used for the channel formation region is less than or

equal to 10 ζΑ µ when the source-drain voltage is 3.1 V.

[0070]

It is assumed that the on-state current of the transistor is increased by three

orders of magnitude by increasing the channel width W thereof, for example. In this

case, the off-state current is also increased by three orders of magnitude; however, the

off-state current is still less than or equal to 10 Α µη . This value is smaller than

10 9 A i , which is the off-state current of a transistor in which polysilicon is used for

a channel formation region, and it can be said that the transistor in which the oxide

semiconductor is used for the channel formation region is difficult to be broken.

[0071]

Accordingly, by providing the transistor in which an oxide semiconductor that

is purified and made electrically i-type (intrinsic) or substantially i-type (intrinsic) is

used for the channel formation region in a rectifier circuit, a rectifier circuit in which the



loss of power is small, that is, the rectification efficiency is excellent and dielectric

breakdown is difficult to occur can be provided.

[0072]

(Embodiment 2)

An example of a method for manufacturing a transistor in which an oxide

semiconductor that is purified and made electrically i-type (intrinsic) or substantially

i-type (intrinsic) is used for a channel formation region will be described with reference

to FIGS. 8A to 8E.

[0073]

First, an insulating layer 101 is formed as a base film over a substrate 100.

The insulating layer 101 is preferably formed while residual moisture is removed from a

treatment chamber. This is to prevent hydrogen, water, a hydroxyl group, hydrate, or

the like from being included in the insulating layer 101.

[0074]

Next, an oxide semiconductor layer is formed over the insulating layer 101 by

a sputtering method. Before forming the oxide semiconductor layer, the substrate 100

provided with the insulating layer 101 is preferably pre-heated. This is to prevent

hydrogen, water, and a hydroxyl group from being ineluded in the oxide semiconductor

layer as much as possible. Impurities such as hydrogen or water absorbed in the

substrate 100 are removed and exhausted by the preheating.

[0075]

A metal oxide target including zinc oxide as a main component can be used as

a target for the oxide semiconductor layer. For example, a target having a composition

ratio of In 0 3:Ga20 3:ZnO = 1:1:1, that is, In:Ga:Zn = 1:1:0.5 can be used. Other than

this, a target having a composition ratio of In:Ga:Zn = 1:1:1 or In:Ga:Zn = 1:1:2 can be

used.

[0076]

Further, a metal oxide such as In-Sn-Ga-Zn-O, In-Sn-Zn-O, In-Al-Zn-O,

Sn-Ga-Zn-O, Al-Ga-Zn-O, Sn-Al-Zn-O, In-Zn-O, Sn-Zn-O, Al-Zn-O, Zn-Mg-O,

Sn-Mg-O, In-Mg-O, In-O, Sn-O, or Zn-0 can be used as a target.

[0077]



Further, a thin film expressed by InM0 (ZnO) m (m > 0 and m is not a natural

number) may be used as the oxide semiconductor layer. Here, M is one or more metal

elements selected from Ga, Al, Mn, and Co. For example, Ga, Ga and Al, Ga and Mn,

or Ga and Co may be used as M.

[0078]

The formed oxide semiconductor layer is processed into an island-shaped oxide

semiconductor layer 102 by a first photolithography process (see FIG. 8A). Then, in

order to remove hydrogen, water, a hydroxyl group, and the like from the oxide

semiconductor layer 102, the substrate is introduced into an electric furnace and heated.

This heat treatment has an effect of dehydration or dehydrogenation of the oxide

semiconductor layer 102.

[0079]

A temperature for performing the heat treatment is higher than or equal to 400

°C and lower than or equal to 750 °C, preferably higher than or equal to 400 °C and

lower than a strain point of the substrate. Further, the heat treatment is performed in

an atmosphere that does not include water, hydrogen, or the like.

[0080]

After the heat treatment, it is preferable that the oxide semiconductor layer 102

be successively heated in an oxygen atmosphere or an atmosphere including nitrogen

and oxygen (e.g., the volume ratio of nitrogen:oxygen = 4:1). This is to repair oxygen

deficiency, which occurs in the oxide semiconductor layer 102.

[0081]

Then, a first electrode 103a and a second electrode 103b are formed over the

insulating layer 101 and the oxide semiconductor layer 102 (see FIG. 8B). The first

electrode 103a functions as one of a source electrode and a drain electrode. The

second electrode 103b functions as the other of the source electrode and the drain

electrode.

[0082]

Next, a gate insulating layer 104 is formed over the insulating layer 101, the

oxide semiconductor layer 102, the first electrode 103a, and the second electrode 103b

(see FIG. 8C). Note that it is preferable that hydrogen be not included in an



atmosphere in which the gate insulating layer 104 is formed.

[0083]

Next, openings 105a and 105b reaching the first electrode 103a and the second

electrode 103b are formed by removing part of the gate insulating layer 104 (see FIG.

8D).

[0084]

Then, a gate electrode 106, a first wiring 107a, and a second wiring 107b are

formed over the gate insulating layer 104 and the openings 105a and 105b (see FIG.

8E).

[0085]

In the above manner, the transistor in which an oxide semiconductor that is

purified and made electrically i-type (intrinsic) or substantially i-type (intrinsic) is used

for a channel formation region can be manufactured.

[Example 1]

[0086]

FIG. 9A shows measurement data of AG voltage input to the half-wave rectifier

circuit in FIG. 1A and output DC voltage obtained by rectifying the AC voltage.

[0087]

As for the size of the transistor Ml in FIG. 1A, W/L is 5000/5 [µπ ]. The

capacitance value of the capacitor CI is 300 pF.

[0088]

A graph 90 is a graph of input AC voltage. The voltage amplitude is

approximately 10 V. A graph 91 is a graph of output DC voltage. In the graph 91,

ripples are small and an average value of 3.91 V is obtained.

[0089]

FIG. 9B shows measurement data of AC voltage input to the half-wave voltage

doubler rectifier circuit in FIG. I B and output DC voltage obtained by rectifying the AC

voltage.

[0090]

As for the size of each of the transistors M2 and M3 in FIG. IB, W/L is 5000/5

[µπι]. The capacitance values of the capacitors C2 and C3 are each 300 pF.



[0091]

A graph 92 is a graph of input AC voltage. The voltage amplitude is

approximately 10 V. A graph 93 is a graph of output DC voltage. In the graph 93,

ripples are small and an average value of 6.80 V is obtained.

[0092]

Thus, with a rectifier circuit including a transistor in which an oxide

semiconductor that is purified and made electrically i-type (intrinsic) or substantially

i-type (intrinsic) is used for a channel formation region, high-quality DC current in

which the loss of power is small and ripples are reduced can be obtained. In other

words, the rectification efficiency of the rectifier circuit can be improved.

This application is based on Japanese Patent Application serial no.

2010-049159 filed with Japan Patent Office on March 5, 2010, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A semiconductor device comprising:

a rectifier circuit comprising:

a transistor;

an input terminal;

a capacitor; and

an output terminal,

wherein a gate of the transistor and one of a source and a drain of the transistor

are electrically connected to the input terminal,

wherein the other of the source and the drain of the transistor and an electrode

of the capacitor are electrically connected to the output terminal,

wherein the transistor comprises a channel formation region comprising an

oxide semiconductor, and

wherein a carrier density in the oxide semiconductor is lower than 1 x 1014

/cm3.

2. The rectifier circuit according to claim 1,

wherein off-state current of the transistor at room temperature is less than or

equal to 10 ζΑ/µπι when source-drain voltage is 3.1V.

3. A semiconductor device comprising:

a rectifier circuit comprising:

a first transistor;

a second transistor;

an input terminal;

a first capacitor;

a second capacitor; and

an output terminal,

wherein a first electrode of the first capacitor is electrically connected to the

input terminal,



wherein one of a source and a drain of the first transistor, a gate of the first

transistor, and one of a source and a drain of the second transistor are electrically

connected to a second electrode of the first capacitor,

wherein the other of the source and the drain of the first transistor and a first

electrode of the second capacitor are electrically connected to the output terminal,

wherein a gate of the second transistor, and the other of the source and the

drain of the second transistor are electrically connected to a second electrode of the

second capacitor,

wherein each of the first transistor and the second transistor comprises a

channel formation region comprising an oxide semiconductor, and

wherein a carrier density in the oxide semiconductor is lower than 1 x 1014

/cm3.

4. The rectifier circuit according to claim 3,

wherein off-state current of each of the first transistor and the second transistor

at room temperature is less than or equal to 10 ζΑ/µπ when source-drain voltage is 3.1

V.

5. A wireless communication device comprising:

an antenna, and

a rectifier circuit comprising:

a transistor;

an input terminal;

a capacitor; and

an output terminal,

wherein a gate of the transistor and one of a source and a drain of the transistor

are electrically connected to the input terminal,

wherein the other of the source and the drain of the transistor and an electrode

of the capacitor are electrically connected to the output terminal,

wherein the transistor comprises a channel formation region comprising an

oxide semiconductor,



wherein a carrier density in the oxide semiconductor is lower than 1 x 10

/cm3, and

wherein an AC signal received by the antenna is inputted into the input

terminal.

6. The rectifier circuit according to claim 5,

wherein off-state current of the transistor at room temperature is less than or

equal to 10 ζΑ/µ when source-drain voltage is 3.1 V.

7. A wireless communication device comprising:

an antenna, and

a rectifier circuit comprising:

a first transistor;

a second transistor;

an input terminal;

a first capacitor;

a second capacitor; and

an output terminal,

wherein a first electrode of the first capacitor is electrically connected to the

input terminal,

wherein one of a source and a drain of the first transistor, a gate of the first

transistor, and one of a source and a drain of the second transistor are electrically

connected to a second electrode of the first capacitor,

wherein the other of the source and the drain of the first transistor and a first

electrode of the second capacitor are electrically connected to the output terminal,

wherein a gate of the second transistor, and the other of the source and the

drain of the second transistor are electrically connected to a second electrode of the

second capacitor,

wherein each of the first transistor and the second transistor comprises a

channel formation region comprising an oxide semiconductor,

wherein a carrier density in the oxide semiconductor is lower than 1 x 1014



/cm3, and

wherein an AC signal received by the antenna is inputted into the input

terminal.

8. The rectifier circuit according to claim 7,

wherein off-state current of each of the first transistor and the second transistor

at room temperature is less than or equal to 10 ζΑ µπ when source-drain voltage is 3.1

V.

9. A method for manufacturing a semiconductor device comprising a rectifier

circuit, the rectifier circuit comprising a transistor, an input terminal, a capacitor, and an

output terminal,

wherein a gate of the transistor and one of a source and a drain of the transistor

are electrically connected to the input terminal, and

wherein the other of the source and the drain of the transistor and an electrode

of the capacitor are electrically connected to the output terminal,

the method comprising the steps of:

forming a first oxide semiconductor;

performing first heat treatment for removing hydrogen, water, and a hydroxyl

group on the first oxide semiconductor so that a second oxide semiconductor is formed;

performing second heat treatment for repairing oxygen deficiency in the second

oxide semiconductor in an oxygen atmosphere or an atmosphere comprising nitrogen

and oxygen, successively to the first heat treatment, so that a third oxide semiconductor

is formed; and

forming the transistor comprising a channel formation region comprising the

third oxide semiconductor.

10. A method for manufacturing a semiconductor device comprising a rectifier

circuit, the rectifier circuit comprising a first transistor, a second transistor, an input

terminal, a first capacitor, a second capacitor, and an output terminal,

wherein a first electrode of the first capacitor is electrically connected to the

input terminal,



wherein one of a source and a drain of the first transistor, a gate of the first

transistor, and one of a source and a drain of the second transistor are electrically

connected to a second electrode of the first capacitor,

wherein the other of the source and the drain of the first transistor and a first

electrode of the second capacitor are electrically connected to the output terminal, and

wherein a gate of the second transistor, and the other of the source and the

drain of the second transistor are electrically connected to a second electrode of the

second capacitor,

the method comprising the steps of:

forming a first oxide semiconductor;

performing first heat treatment for removing hydrogen, water, and a hydroxyl

group on the first oxide semiconductor so that a second oxide semiconductor is formed;

performing second heat treatment for repairing oxygen deficiency in the second

oxide semiconductor in an oxygen atmosphere or an atmosphere comprising nitrogen

and oxygen, successively to the first heat treatment, so that a third oxide semiconductor

is formed; and

forming the first transistor and the second transistor each comprising a channel

formation region comprising the third oxide semiconductor.

11. A method for manufacturing a wireless communication device comprising a

rectifier circuit and an antenna, the rectifier circuit comprising a transistor, an input

terminal, a capacitor, and an output terminal,

wherein a gate of the transistor and one of a source and a drain of the transistor

are electrically connected to the input terminal,

wherein the other of the source and the drain of the transistor and an electrode

of the capacitor are electrically connected to the output terminal, and

wherein an AC signal is a signal received by the antenna,

the method comprising the steps of:

forming a first oxide semiconductor;

performing first heat treatment for removing hydrogen, water, and a hydroxyl

group on the first oxide semiconductor so that a second oxide semiconductor is formed;

performing second heat treatment for repairing oxygen deficiency in the second



oxide semiconductor in an oxygen atmosphere or an atmosphere comprising nitrogen

and oxygen, successively to the first heat treatment, so that a third oxide semiconductor

is formed; and

forming the transistor comprising a channel formation region comprising the

third oxide semiconductor.

12. A method for manufacturing a wireless communication device comprising a

rectifier circuit and antenna, the rectifier circuit comprising a first transistor, a second

transistor, an input terminal, a first capacitor, a second capacitor, and an output terminal,

wherein a first electrode of the first capacitor is electrically connected to the

input terminal,

wherein one of a source and a drain of the first transistor, a gate of the first

transistor, and one of a source and a drain of the second transistor are electrically

connected to a second electrode of the first capacitor,

wherein the other of the source and the drain of the first transistor and a first

electrode of the second capacitor are electrically connected to the output terminal,

wherein a gate of the second transistor, and the other of the source and the

drain of the second transistor are electrically connected to a second electrode of the

second capacitor, and

wherein an AC signal is a signal received by the antenna,

the method comprising the steps of:

forming a first oxide semiconductor;

performing first heat treatment for removing hydrogen, water, and a hydroxyl

group on the first oxide semiconductor so that a second oxide semiconductor is formed;

performing second heat treatment for repairing oxygen deficiency in the second

oxide semiconductor in an oxygen atmosphere or an atmosphere comprising nitrogen

and oxygen, successively to the first heat treatment, so that a third oxide semiconductor

is formed; and

forming the first transistor and the second transistor each comprising a channel

formation region comprising the third oxide semiconductor.
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