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DESCRIPTION 

SEMICONDUCTOR DEVICE 

5 TECHNICAL FIELD 

[0001] 

10 

The present invention relates to semiconductor devices. In particular, the 

present invention relates to semiconductor devices which can transmit and receive 

information without contact by utilizing wireless communication. 

BACKGROUND ART 

[0002] 

In recent years, individual recognition technology in which individual 

identification information is given to an individual object to clarify information such as 

15 a history of the object has attracted attention. In particular, the development of 

semiconductor devices which can transmit and receive data without contact by utilizing 

wireless communication through a radio wave has been advanced. Such 

semiconductor devices are referred to as an IC tag, an RFID tag, and the like, which 

have begun to be used for management of articles in markets, or the like. 

20 [0003] 

In general, many of objects which are referred to as an RFID tag and the like 

that have been put into practical use include an element formation layer and an antenna 

layer having a circuit formed of a transistor or the like. Such semiconductor devices 

capable of wireless communication perform wireless communication with a 

25 reader/writer through an electromagnetic wave, so that the semiconductor devices can 
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be operated by receiving power from a power supply and data from the reader/writer. 

In wireless communication between the reader/writer and the semiconductor device, in 

general, a transmission side device (a reader/writer) transmits a modulated carrier wave 

and a reception side device (a semiconductor device) demodulates the carrier wave, so 

5 that data is extracted and information is transmitted and received. 

[0004] 

In the semiconductor devices capable of wireless communication, there is an 

amplitude modulation method (an amplitude shift keying (ASK) modulation method) as 

one of methods which modulate a carrier wave. An ASK modulation method is a 

10 method which transmits information by generation of a difference in amplitude of a 

carrier wave and use of this amplitude difference as a modulation signal. Here, when 

an amplitude in a low state (a difference between a signal line (an amplitude peak) and a 

reference line (an amplitude center) is a and an amplitude in a high state (a difference 

between a signal line (an amplitude peak) and a reference line (an amplitude center) is b, 

15 a modulation factor m can be expressed as m = (b-a)/(b+a). The transmission side 

device can decide a modulation factor by a method in accordance with both the 

transmission side device and the reception side device which perform wireless 

communication. The reception side· device receives a modulation signal of which 

modulation factor is decided by the transmission side device, and demodulates the 

20 modulation signal. 

[0005] 

Since the semiconductor device capable of wireless communication includes an 

integrated circuit provided with a minute semiconductor element, a problem of variation 

or the like arises and it has been difficult to manufacture a semiconductor device having 

25 favorable electric characteristics. However, a semiconductor device having favorable 
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electric characteristics has nearly been realized with various improvements (for example, 

see Patent Document 1: Japanese Published Patent Application No. 2006-268838). 

[0006] 

Note that the semiconductor device capable of wireless communication 

5 performs transmission, reception, and the like of a signal in accordance with a 

communication method based on various standards as communication thereof. With a 

communication method which is standardized with ISO/IEC 15693 which is a standard 

of a vicinity-type wireless.JC card, a 13.56 MHz carrier wave is modulated in order to 

obtain a modulation factor of 100% or 10%, and data is encoded with a pulse position 

10 modulation method which identifies data by change of a modulation position of a pulse 

position. There are ISO/IEC14443 (TYPE-A) and ISO/IEC18000-3 as standards 

similar to ISO/IEC 15693. In ISO/IEC14443 (TYPE-A), it is prescribed that a carrier 

wave of which modulation factor is 100% is expressed with an amplitude of which 

initial amplitude (an amplitude in a state without modulation) is less than or equal to 5%. 

15 Note that a communication frequency of these standards is 13.56 MHz. Further, 

various means can be considered in order to demodulate a signal of which modulation 

factor is 10% (for example, see Patent Document 2: Japanese Published Patent 

Application No. 2000-172806). 

20 DISCLOSURE OF INVENTION 

[0007] 

In general, a reception side device includes an analog circuit ·having a 

demodulation circuit, a power supply circuit, a modulation circuit, and the like, and a 

digital circuit connected to the analog circuit. As an output of the demodulation circuit, 

25 a demodulation signal is outputted from the analog circuit and inputted into the digital 
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circuit. When a carrier wave of which modulation factor is 100% is used for wireless 

communication, a state in which an amplitude is 0 (a state in which an amplitude peak 

and a reference line accord with each other) is included. Therefore, in a semiconductor 

device capable of wireless communication which operates by generating power from a 

5 power supply through a received electromagnetic wave, it is difficult to supply power 

from a power supply when an amplitude of a carrier wave of which modulation factor is 

100%, which is used for wireless communication, is 0. Accordingly, the operation of 

the semiconductor device· is interfered. In such a semiconductor device, a certain 

amplitude is secured so as to supply power with the use of a carrier wave of which 

10 modulation factor is small (for example, a carrier wave of which modulation factor is 

10%); thus, the semiconductor device can be operated. 

[0008] 

FIG. 4 illustrates a circuit configuration of a general demodulation circuit 

which demodulates a carrier wave of which modulation factor is 100%. A circuit of 

15 FIG. 4 includes a first diode, a second diode, a first resistor, a second resistor, a first 

capacitor, a second capacitor, and a third capacitor. In the circuit illustrated in FIG. 4, 

an input portion is connected to one end of the first capacitor. The other end of the 

first capacitor is connected to an anode (a first electrode) of the first diode and a cathode 

(a second electrode) of the second diode. A cathode (a second electrode) of the first 

20 diode is connected to each of one ends of the first resistor, the second resistor, and the 

second capacitor. An anode (a first electrode) of the second diode is grounded. Each 

of the other ends of the first resistor and the second capacitor are also grounded. The 

other end of the second resistor is connected to one end of the third capacitor and an 

output portion. The other end of the third capacitor is grounded. 
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[0009] 

Although the circuit illustrated in FIG. 4 can demodulate a carrier wave of 

which modulation factor is large (for example, a carrier wave of which modulation 

factor is 100% ), it is difficult to demodulate a carrier wave of which modulation factor 

5 is small (for example, a carrier wave of which modulation factor is 10%). This is 

because the demodulation circuit of FIG. 4 has large influence of noise, which results 

from a carrier wave, on an amplitude waveform, and this influence cannot be 

disregarded when a modulation factor thereof is small (for example, when the 

modulation factor is 10%). Therefore, the noise can be reduced by employment of a 

10 low-pass filter or the like for the demodulation circuit; however, the noise is not 

sufficiently reduced. 

[0010] 

Thus, the present invention provides a semiconductor device having a circuit 

which can generate a demodulation signal (a demodulation circuit generation circuit) 

15 without any problem also as to a modulation signal of which modulation factor is small 

(for example, a signal of which modulation factor is 10%). 

[0011] 

Note that the following are ·provided in a circuit configuration proposed in 

Patent Document 2: a first demodulation means which regenerates data from a 

20 (IS014443-A) 100% ASK signal (a signal of which modulation factor is 100%); a 

second demodulation means which regenerates data from a (IS014443-B) 10% ASK 

signal (a signal of which modulation factor is 10%); and a selector means which selects 

each of regeneration signals. Further, in order to control the selector means, a means 

which generates a selective control signal by input of the regeneration signal and a 

25 transmission signal of the first demodulation means is provided. According to the 
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configuration of Patent Document 2, a means which regenerates data that is not selected 

by the selector means can be said as a useless circuit in terms of operation of a 

semiconductor device. In particular, it is apparent that an amplifier circuit is 

incorporated into the second demodulation means which regenerates data from a 10% 

5 ASK signal (a signal of which modulation factor is 10%). Thus, when power 

consumed in the amplifier circuit is as large as one which cannot be disregarded as 

compared with consumption power of the whole semiconductor device, this will cause 

to deteriorate performance ·of the semiconductor device. 

[0012] 

10 Thus, the present invention provides a semiconductor device in which, when 

data of a signal of which modulation factor is large (for example, a signal of which 

modulation factor is 100%) is selected, the operation of the amplifier circuit which is 

incorporated into the second demodulation means which regenerates data of a signal of 

which modulation factor is small (a signal of which modulation factor is 10%) is 

15 stopped and low power is consumed. 

[0013] 

In the meantime, the demodulation circuit illustrated in FIG. 4 has a simple 

configuration, i~ which operation of a semiconductor device is not interfered. 

Therefore, the demodulation circuit is appropriate as a demodulation signal generation 

20 circuit for demodulating a signal of which modulation factor is large (for example, a 

signal of which modulation factor is 100% ). 

[0014] 

There is a case where a configuration appropriate for operation is different 

between the case where a carrier wave of which modulation factor is small (for example, 

25 the case where a modulation factor is 10%) and the case where a carrier wave of which 
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modulation factor is large (for example, the case where a modulation factor is 100% ),. 

For example, when a carrier wave of which modulation factor is 100% is demodulated 

using a circuit which demodulates a demodulation signal of which modulation factor is 

10%, there is a fear that an unnecessary element is operated and power is consumed 

5 uselessly. 

[0015] 

Thus, the present invention provides a semiconductor device in which a circuit 

which generates a demodulation circuit in the case where a carrier wave of which 

modulation factor is small (for example, the case where a modulation factor is 10%) and 

10 a circuit which generates a demodulation circuit in the case where a carrier wave of 

which modulation factor is large (for example, the case where a modulation factor is 

100%) are separately provided. Further, the present invention provides a 

semiconductor device which can identify a modulation factor, switch a circuit which is 

used depending on a modulation factor, stop part of operation of a circuit which is not 

15 used, and generate a demodulation signal ·which is appropriate depending on a 

modulation factor with minimum power. 

[0016] 

A semiconductor device of the present invention includes one or a plurality of 

demodulation signal generation circuits, and any of the demodulation signal generation 

20 circuits has a first demodulation circuit which demodulates a modulation signal, a 

second demodulation circuit which demodulates an electric signal (a modulation signal) 

which has a polarity opposite to that of an electric signal in the first demodulation 

circuit, and a comparator. A demodulation signal outputted from the first 

demodulation circuit and a demodulation signal outputted from the second 

25 demodulation circuit are each inputted into an input portion of the comparator, whereby 
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a voltage difference of these demodulation signals is obtained. 

[0017] 

PCT/JP2007/074603 · 

In the above semiconductor device, a difference between an amplitude of the 

signal demodulated by the first demodulation circuit and an amplitude of the signal 

5 demodulated by the second demodulation circuit is obtained by the comparator. Since 

the amplitude of the signal demodulated by the first demodulation circuit and the 

amplitude of the signal demodulated by the second demodulation circuit have the same 

phase, influence of noise, which results from a carrier wave, can be reduced to 

demodulate the signals stably. 

10 [0018] 

Alternatively, a semiconductor device of the present invention preferably has a 

selective circuit which selects either a first demodulation signal generation circuit or a 

second demodulation signal generation circuit depending on a modulation signal to stop 

the other demodulation signal generation circuit. Specifically, the semiconductor 

15 device of the present invention includes the following: the first demodulation signal 

generation circuit which generates a demodulation signal from a carrier wave of which 

modulation factor is large (for example, a carrier wave of which modulation factor is 

100% ); the second demodulation . signal generation circuit which generates a 

demodulation signal from a carrier wave of which modulation factor is small (for 

20 example, a carrier wave of which modulation factor is 10%); and the selective circuit 

which selects, depending on a modulation factor, which of the first demodulation signal 

generation circuit and the second demodulation signal generation circuit is used. 

[0019] 

The selective circuit includes a logic element that identifies a difference 

25 between modulation factors and a logic element group that determines a demodulati_on 
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signal generation circuit to be used. 

[0020] 

First, in the semiconductor device of the present invention, the first 

demodulation signal generation circuit corresponding to a carrier wave of which 

5 modulation factor is large (for example, a carrier wave of which modulation factor is 

100%) outputs a first demodulation signal, and the second demodulation signal 

generation circuit corresponding to a carrier wave of which modulation factor is small 

(a carrier wave of which ·modulation factor is 10%) outputs a second demodulation 

signal. That is, the first demodulation signal generation circuit can demodulate a 

10 carrier wave of which modulation factor is large (for example, a carrier wave of which 

modulation factor is 100%), and the second demodulation signal generation circuit can 

demodulate a carrier wave of which modulation factor is small (for example, a carrier 

wave of which modulation factor is 10% ). Further, it is not assured that the first 

demodulation signal generation circuit demodulates a carrier wave of which modulation 

15 factor is small (for example, a carrier wave of which modulation factor is 10%) and the 

second demodulation signal generation circuit demodulates a carrier wave of which 

modulation factor is large (for example, a carrier wave of which modulation factor is 

100%). 

20 

25 

[0021] 

In a digital circuit, the first demodulation signal is monitored and, if the first 

demodulation signal is effective, the signal is transmitted to an amplitude circuit (for 

example, a comparator or the like) which is included in the second demodulation signal 

generation circuit and the circuit operation is stopped. 

[0022] 

The first demodulation signal generation circuit is appropriate for 
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demodulating a carrier wave of which modulation factor is large (for example, a carrier 

wave of which modulation factor is 100% ). However, in a carrier wave of which 

modulation factor is small (for example, a carrier wave of which modulation factor is 

10%), there is a carrier wave having an amplitude of a certain degree (for example, an 

5 amplitude of which degree is 90%) even during a modulated period, as compared with 

an amplitude during an unmodulated period. Therefore, it is difficult for the first 

demodulation signal generation circuit to demodulate a carrier wave of which 

modulation factor is small.- Whether the first demodulation signal can be demodulated 

or not is determined using a logic element (for example, an inverter), and other signals 

10 (for example, a clock signal) is not necessary. The clock signal is a periodic signal 

which is used in operating the digital circuit or the like. In general, a clock is 

generated from an oscillation circuit, a frequency division circuit, or the like. 

[0023] 

Note that the logic element refers to an element formed of a plurality of circuits 

15 which are provided in order to achieve a certain object in the digital circuit, in this 

specification. 

[0024] 

Note that "the case where a modulation factor is 10%" and "the case where a 

modulation factor is 100%" are described in this specification; however, a range of a 

20 modulation factor which is approximately greater than or equal to 10% and less than or 

equal to 30% is typically described as "the case where a modulation factor is 10%". In 

addition, a range of a modulation factor which is approximately greater than or equal to 

90% and less than or equal to 100% is typically described as "the case where a 

modulation factor is 100%". Thus, a modulation factor should not be interpreted as 

25 being strictly limited to the figures which are described and all modulation factors can 
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be applied within a scope that does not depart from the meaning of the present 

invention. 

[0025] 

With the use of the present invention, a demodulation signal of a modulation 

5 signal of which modulation factor is small (for example, a modulation signal of which 

modulation factor is 10%) can. be generated. Therefore, a semiconductor device 

capable of wireless communication can be operated even when the modulation signal of 

which modulation factor· is small is used, and power from a power supply is 

continuously supplied during reception of a wireless signal. Thus, the semiconductor 

10 device can be operated stably. 

[0026] 

Further, in a semiconductor device of the present invention, influence of noise, 

which results from a carrier wave, can be reduced; thus, a highly reliable demodulation 

signal can be generated stably. 

15 [0027] 

In a semiconductor device of the present invention, different demodulation 

signal generation circuits are used in the cases of a carrier wave of which modulation 

factor is small (for example, a carrier.wave of which modulation factor is 10%) and a 

carrier wave of which modulation factor is large (for example, a carrier wave of which 

20 modulation factor is 100%). Therefore, as to a parameter of an element included in 

each of the demodulation signal generation circuits, it is not necessary to take into 

consideration even the case where a modulation factor is different; thus, flexibility in 

designing the semiconductor device is improved. Further, in the second demodulation 

signal generation circuit, the second demodulation signal is generated by detection of a 

25 difference between an output of a first bias circuit and an output of a second bias circuit 
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in the second demodulation signal generation circuit. Therefore, even with a signal of 

which modulation factor is small, a demodulation signal can be generated stably. 

Accordingly, information can be transmitted and received. When a signal of which 

modulation factor is small is used, power from a power supply is continuously supplied; 

5 therefore, the semiconductor device can be operated stably. 

[0028] 

Noise that exists in each of the outputs of the first bias circuit and the second 

bias circuit has the same phase. In the present invention, the second demodulation 

signal is generated by comparison of the outputs of the first bias circuit and the second 

10 bias circuit. Therefore, the noise of each of the outputs is cancelled, and influence of 

noise, which results from a carrier wave, is reduced; thus, a signal can be demodulated. 

Consequently, as to a wireless signal of which modulation factor is small (for example, 

a carrier wave of which modulation factor is 10% ), the signal can be also detected 

stably. 

15 [0029] 

In the case where a carrier wave of which modulation factor is small (for 

example, the case where a modulation factor is 10%) and the case where a carrier wave 

of which modulation factor is large (for example, the case where a modulation factor is 

100% ), power consumption of the semiconductor device of the present invention can be 

20 reduced by switching the demodulation signal generation circuit to be used and stopping 

part of operation of the circuit which is not used. 

[0030] 

According to the present invention, a demodulation signal is monitored in the 

digital circuit only using the shape of a waveform of the first demodulation signal; 

25 therefore, the semiconductor of the present invention can be realized with a simple 
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circuit configuration without the necessity of a complicated circuit. 

BRIEF DESCRIPTION OF DRAWINGS 

[0031] 

In the accompanying drawings: 

PCT/JP2007/074603. 

FIG. 1 is a diagram illustrating a semiconductor device of the present invention; 

FIG. 2 is a diagram illustrating a semiconductor device of the present invention; 

FIG. 3 is a diagram illustrating a semiconductor device of the present invention; 

FIG. 4 is a diagram illustrating a semiconductor device of the present invention; 

FIG. 5 is a diagram illustrating a semiconductor device of the present invention; 

FIGS. 6A to 6C (6C-1 to 6C-3) are diagrams each illustrating a semiconductor 

device of the present invention; 

FIGS. 7A (7A-1 and 7A-2) and 7B (7B-1 and 7B-2) are diagrams each 

illustrating a semiconductor device of the present invention; 

FIG. 8 is a diagram illustrating a semiconductor device of the present invention; 

FIGS. 9A to 9C are diagrams each illustrating a semiconductor device of the 

present invention; 

FIGS. lOA and lOB are diagrams each illustrating a semiconductor device of 

the present invention; 

FIG. 11 is a diagram illustrating a semiconductor device of the present 

invention; 

FIGS. 12A to 12E are views each illustrating a semiconductor device of the 

present invention; 

FIGS. 13A to 13F are views each illustrating an example in which a 

25 semiconductor device of the present invention is mounted; 
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FIG. 14 is a diagram illustrating a semiconductor device of the present 

invention; 

FIGS. 15A to 15D are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

5 FIGS. 16A to 16C are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

FIGS. 17 A and 17B are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

FIGS. 18A and 18B are views illustrating a manufacturing method of a 

10 semiconductor device to which the present invention is applied; 

FIGS. 19A and 19B are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

FIGS. 20A to 20C are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

15 FIGS. 21A to 21C are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

FIGS. 22A and 22B are views illustrating a manufacturing method of a 

semiconductor device to which the pre.sent invention is applied; 

FIGS. 23A to 23C are views illustrating a manufacturing method of a 

20 semiconductor device to which the present invention is applied; 

FIGS. 24A to 24C are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

FIGS. 25A to 25C are views illustrating a manufacturing method of a 

semiconductor device to which the present invention is applied; 

25 FIGS. 26A and 26B are views illustrating a manufacturing method of a 
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semiconductor device to which the present invention is applied; 

FIGS. 27 A and 27B are waveforms illustrating each portion of a semiconductor 

device to which the present invention is applied; 

FIGS. 28A and 28B are waveforms illustrating each portion of a semiconductor 

5 device to which the present invention is applied; 

10 

FIGS. 29A and 29B are waveforms illustrating each portion of a semiconductor 

device to which the present invention is applied; 

FIG. 30 is a diagram illustrating a semiconductor device of the present 

invention; 

FIG. 31 is a diagram illustrating a semiconductor device of the present 

invention; 

FIGS. 32A and 32B are waveforms illustrating each portion of a semiconductor 

device to which the present invention is applied; and 

FIGS. 33A and 33B are waveforms illustrating each portion of a semiconductor 

15 device to which the present invention is applied. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0032] 

Embodiment modes and an embodiment of the present invention will be 

20 hereinafter described with reference to the accompanying drawings. However, the 

present invention can be implemented in various modes, and it is easily understood by 

those skilled in the art that modes and details thereof can be modified in various ways 

without departing from the meaning and the scope of the present invention. Therefore, 

the present invention should not be interpreted as being limited to the description of the 

25 embodiment modes and an embodiment below. Note that the same reference numeral 
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is used in common to denote the same component in different drawings in structures of 

the present invention described below. 

(Embodiment Mode 1) 

[0033] 

This embodiment mode will describe an example of a structure of a 

semiconductor device of the present invention which includes a demodulation signal 

generation circuit with reference to drawings. 

[0034] 

FIG. 2 illustrates a block diagram of a semiconductor device of the present 

10 invention. A semiconductor device 100 of the present invention transmits and receives 

data wirelessly to and from a reader/writer 116 by an electromagnetic wave. The 

reader/writer 116 is preferably connected to a control device 120 through a 

communication line 118. The control device 120 controls communication between the 

reader/writer 116 and the semiconductor device 100. 

15 [0035] 

The semiconductor device 100 includes an antenna circuit 102, a power supply 

circuit 112, an analog circuit 104, a digital circuit 106, and a memory circuit 108. The 

analog circuit 104 has a demodulation signal generation circuit 150 and a modulation 

circuit 114. The semiconductor device 100 may include not an antenna but a wiring 

20 for connecting to an external antenna. The wiring and the external antenna may be 

connected with each other. In this case, the antenna which is separately manufactured 

is connected to the wiring. A connection terminal (a terminal electrode) which is 

electrically connected to the wiring may be used to connect the wiring and the antenna. 

Further, the semiconductor device 100 is not limited to the above structure, and may 

25 include a clock generation circuit, a central processor unit (hereinafter referred to as a 
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Note that the clock generation circuit refers to a circuit which generates and 

supplies to each circuit a clock signal having a frequency necessary for operations of the 

5 digital circuit 106, the memory circuit 108, and the like based on an AC induced voltage 

which is generated in the antenna circuit 102. An oscillation circuit or a frequency 

division circuit may be used for the clock generation circuit. 

[0037] 

The antenna circuit 102 preferably having an antenna and a rectifier circuit 

10 receives an electromagnetic wave, which is transmitted from the reader/writer 116, and 

generates an AC induced voltage. The induced voltage becomes power from a power 

supply of the semiconductor device 100 and also includes data transmitted from the 

reader/writer 116. 

15 

[0038] 

The shape of the antenna that can be used for the present invention is not 

particularly limited. Therefore, a signal transmission method applied to the antenna 

circuit 102 included in the semiconductor device 100 can be an electromagnetic 

coupling method, an electromagnetic· induction method, a radio wave method, or the 

like. The transmission method may be selected as appropriate by a practitioner in 

20 consideration of the intended use of the device. Thus, an antenna with an optimum 

length and shape may be provided in accordance with the transmission method. In the 

25 

present invention, an electromagnetic induction method having a communication 

frequency of 13.56 MHz is preferably used as the signal transmission method. 

[0039] 

In the case of applying an electromagnetic coupling method or an 



WO 2008/078661 PCT/JP2007/074603 
18 

electromagnetic induction method (for example, a 13.56 MHz band) as the transmission 

method, a conductive film which functions as the antenna is formed in an annular form 

(for example, a loop antenna) or a helical form (for example, a spiral antenna) in order to 

utilize electromagnetic induction that occurs with changes in magnetic density. 

5 [0040] 

In the case of using a microwave method (for example, UHF band (860 to 960 

MHz), 2.45 GHz band, or the like) which is one kind of radio wave methods as the 

transmission method, the length and shape of the conductive film which functions as the 

antenna may be determined as appropriate in consideration of the wavelength of radio 

10 waves used for the signal transmission. For example, the conductive film which 

functions as the antenna may be formed in a linear form (for example, a dipole antenna), a 

flat form (for example, a patch antenna), or the like. Further, the shape of the conductive 

film which functions as the antenna is not limited to the linear form, and the conductive 

film may be provided in a curved form, a serpentine form, or a form combining them in 

15 consideration of the wavelength of the radio waves. 

[0041] 

FIGS. 12A to 12E each illustrate an example of the shape of the antenna 

provided in the antenna circuit 102. . For example, as illustrated in FIG. 12A, a layout 

may be used in which an antenna 1201 is disposed all around a chip 1200 provided with a 

20 signal processing circuit. Alternatively, as illustrated in FIG. 12B, a layout may be used 

in which a chip 1202 provided with a signal processing circuit is coiled around by a thin 

antenna 1203. Further, as illustrated in FIG. 12C, a layout may be used in. which an 

antenna of which shape is like that of an antenna 1205 for receiving high-frequency 

electromagnetic waves is disposed for a chip 1204 provided with a signal processing 

25 circuit. Alternatively, as illustrated in FIG. 12D, a layout may be used in which an 
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antenna of which shape is like that of an antenna 1207 which is 180-degree 

omnidirectional (such that it can receive signals equally from any direction) is disposed 

for a chip 1206 provided with a signal processing circuit. As a further alternative, as 

illustrated in FIG. 12E, a layout may be used in which an antenna of which shape is like 

5 that of an antenna 1209 with a long rod shape is disposed for a chip 1208 provided with 

a signal processing circuit. The antenna circuit 102 may be formed by combination of 

the antennas with the above shapes. 

[0042] 

In FIGS. 12A to 12E, a connection method between the chip 1200 or the like 

10 provided with a signal processing circuit and the antenna 1201 or the like is not 

particularly limited as long as a signal can be transmitted and received between the chip 

and the antenna. By giving FIG. 12A as an example, the antenna 1201 and the chip 

1200 provided with a signal processing circuit are connected to each other by wire 

bonding or bump bonding. Alternatively, part of the chip may be used as an electrode to 

15 be attached to the antenna 1201. With this method, the chip 1200 can be attached to the 

antenna 1201 with the use of an anisotropic conductive film (hereinafter referred to as 

ACF). Further, an appropriate length of the antenna differs depending on the frequency 

of a signal to receive. In general, in· the case where, for example, a frequency of 2.45 

GHz is used, the length of the antenna may be approximately 60 nm (a half of the 

20 wavelength) or approximately 30 mm (a quarter of the wavelength). 

[0043] 

The power supply circuit 112 rectifies an induced voltage, which is generated 

in the antenna circuit 102, by a diode or the like, and stabilizes the induced voltage with 

the use of a capacitor, thereby adjusting so as to maintain a stable potential having a 

25 certain potential difference from a reference potential (a potential of a reference line). 
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[0044] 

The digital circuit 106 performs the following operations based on a 

demodulated signal: analyzing instructions; controlling the memory circuit 108; 

outputting data for external transmission to the modulation circuit 114; and the like. 

5 The digital circuit 106 may include a decoding circuit, an information judging circuit, or 

the like, in addition to a generation circuit of a memory control signal. Further, the 

digital circuit 106 may include a circuit which converts part or all of data extracted from 

the memory circuit 108, which is transmitted from the semiconductor device 100 to the 

reader/writer 116, into an encoded signal. 

10 [0045] 

The memory circuit 108 stores at least specific data (individual identification 

information) of the semiconductor device 100. The memory circuit 108 includes a 

control circuit, which performs writing or reading of data in accordance with the digital 

circuit 106, and a circuit having a memory element. The memory circuit 108 includes 

15 one or more of an organic memory, a dynamic random access memory (DRAM), a static 

random access memory (SRAM), a ferroelectric random access memory (FeRAM), a 

mask read-only memory (ROM), a programmable read only memory (PROM), an 

electrically programmable read only memory (EPROM), an electrically erasable 

programmable read only memory (EEPROM), and a flash memory. As long as the 

20 memory content of the memory circuit 108 is specific data (individual identification 

inform~tion or the like) of the semiconductor device 100, a nonvolatile memory which 

can store memory without being supplied with power is preferably used. On the other 

hand, as long as temporary memory is used in processing performed by the 

semiconductor device 100 is stored, a volatile memory may be used. Particularly in 

25 the case of a so-called passive type in which the semiconductor device 100 has no 
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battery, a nonvolatile memory is preferably used as the memory circuit 108. 

[0046] 

The organic memory has a structure in which a layer containing an organic 

compound is sandwiched between a pair of conductive layers, which has at least two 

5 advantages because the structure is simple. One advantage is that a manufacturing 

process can be simplified and that the cost can be reduced. The other advantage is that 

it is easy to reduce the area of the memory circuit and increase in capacitor can be 

realized easily. Therefore, it is preferable to use the organic memory for the memory 

circuit 108. 

10 [0047] 

The modulation circuit 114 transmits load modulation to the antenna circuit 

102 based on a signal from the digital circuit 106. 

[0048] 

The demodulation signal generation circuit 150 demodulates and extracts data 

15 included in the induced voltage which is generated in the antenna circuit 102. 

[0049] 

In the semiconductor device of this embodiment mode, an electromagnetic 

wave from the reader/writer is received and power by the electromagnetic wave is 

supplied to drive the semiconductor device. Therefore, although a passive-type 

20 semiconductor device is described in this embodiment mode, the present invention is 

not limited thereto. As a structure in which a battery is contained inside the 

semiconductor device, power may be supplied from a battery to drive the semiconductor 

device. 

[0050] 

25 In the electromagnetic wave transmitted from the reader/writer, a carrier wave 
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having a certain frequency is modulated from a sub-carrier wave. A signal included in 

the sub-carrier wave is a binarized digital signal which is transmitted to the 

semiconductor device from the reader/writer. As to a modulation method of the carrier 

wave, there are an amplitude shift keying (ASK) modulation method which changes 

5 amplitude and a frequency shift keying (FSK) modulation method which changes a 

frequency. This embodiment mode describes the case in ·which an electromagnetic 

wave modulated by the ASK modulation method is demodulated. 

[0051] 

The demodulation signal generation circuit 150 included in the semiconductor 

10 device 100 of the present invention is described with reference to FIG. 30. FIG. 30 

illustrates a block diagram of the demodulation signal generation circuit 150 which can 

be used for this embodiment mode. The demodulation signal generation circuit 150 

includes a first demodulation circuit 154, a second demodulation circuit 156, a first bias 

circuit 158, a second bias circuit 160, and a comparator 162. Although these circuits 

15 included in the demodulation signal generation circuit 150 are described below, the 

present invention is not limited thereto. 

[0052] 

An input portion 152 of the demodulation signal generation circuit 150 

illustrated in FIG. 30 is connected to an input portion 600 of the first demodulation 

20 circuit 154 and an input portion 620 of the second demodulation circuit 156. An 

output portion 616 of the first demodulation circuit 154 is connected to an input portion 

800A of the first bias circuit 158, and an output portion 636 of the second demodulation 

circuit 156 is connected to an input portion 800B of the second bias circuit 160. An 

output portion 808A of the first bias circuit 158 is connected to a first input portion 

25 900A of the comparator 162, and an output portion 808B of the second bias circuit 160 
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is connected to a second input portion 900B of the comparator 162. An output portion 

912 of the comparator 162 is connected to an output portion 166 of the demodulation 

signal generation circuit 150. 

[0053] 

Note that the output portion 912 of the comparator 162 and the output portion 

166 of the demodulation signal generation circuit 150 are preferably connected to each 

other through an analog buffer circuit 164 as illustrated in FIG. 30. As the analog 

buffer circuit 164, a source follower circuit, a common source amplifier circuit, and tlie 

like can be given. Noise can be removed more effectively and a demodulation signal 

10 can be generated stably by provision of the analog buffer circuit 164. 

[0054] 

FIGS. 6A to 6C (6C-1 to 6C-3) each illustrate an example of a configuration of 

a demodulation circuit which is used as each of the first demodulation circuit 154 and 

the second demodulation circuit 156. FIG. 6A illustrates the first demodulation circuit 

15 154. The first demodulation circuit 154 includes the input portion 600, the output 

portion 616, a first diode 604, a second diode 606, a first resistor 608, a second resistor 

612, a first capacitor 602, a second capacitor 610, and a third capacitor 614. The input 

portion 600 is connected to one end of the first capacitor 602. The other end of the 

first capacitor 602 is connected to an anode of the first diode 604 and a cathode of the 

20 second diode 606. A cathode of the first diode 604 is connected to each of one ends of 

the first resistor 608, the second capacitor 610, and the second resistor 612. The other 

end of the second resistor 612 is connected to one end of the third capacitor 614 and the 

output portion 616. Further, an anode of the second diode 606, each of the other ends 

of the first resistor 608, the second capacitor 610, and the third capacitor 614 are 

25 connected to a reference potential (V ss). 
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[0055] 

FIG. 6B illustrates the second demodulation circuit 156. The demodulation 

circuit illustrated in FIG. 6B includes the input portion 620, the output portion 636, a 

first diode 624, a second diode 626, a first resistor 628, a second resistor 632, a first 

5 capacitor 622, a second capacitor 630, and a third capacitor 634. The input portion 

620 is connected to one end of the first capacitor 622. The other end of the first 

capacitor 622 is connected to a cathode of the first diode 624 and an anode of the 

second diode 626. An anode of the first diode 624 is connected to each one ends of the 

first resistor 628, the second capacitor 630, and the second resistor 632. The second 

10 resistor 632 is connected to one end of the third capacitor 634 and the output portion 

636. Further, a cathode of the second diode 626, each of the other ends of the first 

resistor 628, the second capacitor 630, and the third capacitor 634 are connected to a 

reference potential (V ss). 

15 

[0056] 

Each of the first diode 604, the second diode 606, the first diode 624, and the 

second diode 626 of FIGS. 6A and 6B may be formed of a diode-connected TFT. A 

diode illustrated in FIG. 6C-l, a diode-connected n-type TFT illustrated in FIG. 6C-2, 

and a diode-connected p-type TFT illustrated in FIG. 6C-3 are equivalent as a circuit. 

FIGS. 7A (7A-1 and 7A-2) each illustrate an example in which a circuit 618, which is 

20 part of the first demodulation circuit 154, illustrated in FIG. 6A is formed using any of 

the TFTs illustrated in FIGS. 6C (6C-1 to 6C-3). Similarly, FIGS. 7B (7B-1 and 7B-2) 

each illustrate an example in which a circuit 638, which is part of the second 

demodulation circuit 156, illustrated in FIG. 6B is formed using any of the TFTs 

illustrated in FIGS. 6C (6C-1 to 6C-3). In the circuit illustrated in FIG. 7A-1, n-type 

25 TFTs 700 and 702 are used as diode-connected TFTs. In the circuit illustrated in FIG. 
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7A-2, p-type TFTs 704 and 706 are used as diode-connected TFTs. In the circuit 

illustrated in FIG. 7B-1, n-type TFTs 708 and 710 are used as diode-connected TFTs. 

In the circuit illustrated in FIG. 7B-2, p-type TFTs 712 and 714 are used as 

diode-connected TFTs. 

5 [0057] 

The first demodulation .circuit 154 and the second demodulation circuit 156 

may be formed by combination of the circuits illustrated in FIGS. 6A to 6C (6C-1 to 

6C-3) and FIGS. 7A (7A-1 and 7A-2) and 7B (7B-1 and 7B-2). The first 

demodulation circuit 154 having the circuit 618 illustrated in FIG. 7 A-1 and the second 

10 demodulation circuit 156 having the circuit 638 illustrated in FIG. 7B-2 may be used, or 

the first demodulation circuit 154 having the circuit 618 illustrated in FIG. 7 A-2 and the 

second demodulation circuit 156 having the circuit 638 illustrated in FIG. 7B-1 may be 

used. Alternatively, the first demodulation circuit 154 having the circuit 618 illustrated 

in FIG. 7 A-2 and the second demodulation circuit 156 having the circuit 638 illustrated 

15 in FIG. 7B-2 may be used. Preferably, the circuit 618 illustrated in FIG. 7A-1 is used 

for the first demodulation circuit 154, and the circuit 638 illustrated in FIG. 7B-1 is used 

for the second demodulation circuit 156. In general, carriers of an n-type TFT have 

higher mobility than those of a p-type TFT. Therefore, n-type TFTs are used for all 

TFTs included in the first demodulation circuit and the second demodulation circuit, so 

20 that operation performance of the circuits can be improved. 

[0058] 

The first capacitor 602 (or the first capacitor 622) is provided to compensate 

center of a wave amplitude (a reference line). The first resistor 608 (or the first 

resistor 628) is provided to make constant current flowing through a point bl (or a point 

25 b2). Further, the second capacitor 610 (or the second capacitor 630) is provided to 
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smooth a waveform. The resistance of the first resistor 608 (or the first resistor 628) is 

adjusted as appropriate depending on the degree of electrostatic capacitance of the 

second capacitor 610 (or the second capacitor 630). When the resistance of the first 

resistor 608 (or the first resistor 628) is small, an amplitude of the carrier wave is 

5 reduced; and when the resistance is excessive, a breakdown phenomenon of the second 

diode 606 (or the second diode 626) occurs; thus, the semiconductor device does not 

operate normally. Furthermore, the second resistor 612 (or the second resistor 632) 

and the third capacitor 614 (or the third capacitor 634) function as a low-pass filter 

which removes a high-frequency component. 

10 [0059] 

FIG. 8 illustrates an example of a configuration of the first bias circuit 158 and 

the second bias circuit 160. In a bias circuit illustrated in FIG. 8, an input portion 800 

(the input portion 800 is hereinafter referred to as the input portion 800A and the input 

portion 800B in the first bias circuit and the second bias circuit, respectively) is 

15 connected to one end of a capacitor 802 (the capacitor 802 is hereinafter referred to as a 

capacitor 802A and a capacitor 802B in the first bias circuit and the second bias circuit, 

respectively). The other end of the capacitor 802 is connected to an output portion 808 

(the output portfon 808 is hereinafter referred to as the output portion 808A and the 

output portion 808B in the first bias circuit and the second bias circuit, respectively), 

20 and each of one ends of a first resistor 804 (the first resistor 804 is hereinafter referred 

to as a first resistor 804A and a first resistor 804B in the first bias circuit and the second 

bias circuit, respectively) and a second resistor 806 (the second resistor 806 is 

hereinafter referred to as a second resistor 806A and a second resistor 806B in the first 

bias circuit and the second bias circuit, respectively). The other end of the first resistor 

25 804 is connected to a power supply potential (Von), and the other end of the second 
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resistor 806 is connected to a reference potential (V ss). 

[0060] 

PCT/JP2007/074603 · 

The capacitor 802 is provided to isolate the input portion 800 galvanically from 

the power supply potential to which the first resistor 804 is connected. 

5 [0061] 

The first resistor 804 and the second resistor 806 are provided to generate a 

difference between potentials of signals which are inputted into the first input portion 

900A and the second input portion 900B included in the comparator 162. It 1s 

preferable that resistance R1A of the first resistor 804A, resistance Rrn of the first 

10 resistor 804B, resistance R2A of the second resistor 806A, and resistance R2B of the 

second resistor 806B be R1A = RzB ¢ Rrn = RzA· 

[0062] 

Malfunction in the comparator 162 can be prevented by inclusion of the first 

bias circuit 158 and the second bias circuit 160. 

15 [0063] 

FIGS. 9A to 9C each illustrate an example of a configuration of the comparator 

162. The comparator 162 includes two input portions such as a differential circuit, a 

differential ampiifier, or an operational amplifier, and a circuit having a function to 

compare two signals inputted into the input portions can be used. The comparator 162 

20 includes the first input portion 900A, the second input portion 900B, a first TFT 902 to 

a fifth TFT 910, and an output portion 912. In the comparator 162, the first input 

portion 900A is connected to the output portion 808A of the first bias circuit 158, and 

the second input portion 900B is connected to the output portion 808B of the second 

bias circuit 160. The first input portion 900A is connected to a gate electrode of the 

25 first TFT 902, and the second input portion 900B is connected to a gate electrode of the 
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second TFT 904. One of a source electrode and a drain electrode of the first TFT 902 

is connected to one of a source electrode and a drain electrode of the fifth TFT 910 and 

one of a source electrode and a drain electrode of the second TFT 904. The other of 

the source electrode and drain electrode of the first TFT 902 is connected to one of a 

5 source electrode and a drain electrode of the third TFT 906, a gate electrode of the third 

TFT 906, and a gate electrode of the fourth TFT 908. The other of the source electrode 

and drain electrode of the third TFT 906 is connected to a power supply potential (V00). 

One of a source electrode. and a drain electrode of the fourth TFT 908 is connected to 

the power supply potential (Vo0 ). The other of the source electrode and drain 

10 electrode of the fourth TFT 908 is connected to the output portion 912 and the other of 

the source electrode and drain electrode of the second TFT 904. A gate electrode of 

the fifth TFT 910 is connected to a constant current circuit 1003 through a wiring 914. 

The other of the source electrode and drain electrode of the fifth TFT 910 is connected 

to a reference potential (Vss). Note that the wiring 914 is connected to the constant 

15 current circuit 1003. In FIG. 9A, a sixth TFT 916 is constantly turned on or not 

provided. 

[0064] 

Operation when a signal is inputted into the first input portion 900A and the 

second input portion 900B of the comparator 162 is described. 

20 [0065] 

A current which flows through the fifth TFT 910 which is a constant current 

source of the comparator 162 is set Ict. Here, since the third TFT 906 and the fourth 

TFT 908 form a current mirror circuit, a current of Ict/2 flows between the source 

electrode and the drain electrode of each of the third TFT 906 and the fourth TFT 908. 

25 In addition, a potential of each of points a illustrated in FIGS. 9A to 9C is set V5• 
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[0066] 

Here, the case where a different potential is applied to two TFTs which form a 

differential pair is described. First, the case where a potential of the first input portion 

900A is higher than a potential of the second input portion 900B is considered. A 

5 current which flows through the first TFT 902 and the second TFT 904 is expressed in 

the following formula (1 ). Here, V gs is a gate voltage; V ds, a drain voltage; Vth, a 

threshold voltage; k, a transconductance coefficient; and 'A, a channel length modulation 

coefficient. 

[0067] 

10 [FORMULAl] 

Ids=~= k(Vgs -Vt!J
2
(l+ A ·Vds) 

2 

[0068] 

Since a potential of the first input portion 900A is higher than a potential of the 

second input portion 900B in the formula (1), the following relation is formed between 

15 Vgs (902) which is the gate voltage of the first TFT 902 and Vgs (904) which is the gate 

voltage of the second TFT 904: Vgs (902) > Vgs (904). The transconductance 

coefficient k is a value unique (a constant) to a TFT which is determined by a carrier 

mobility, a capacitance of a gate insulating film, a channel width, and a channel length 

of each of the TFTs, and the channel length modulation coefficient A, is a constant which 

20 is determined by manufacturing processes of each of the TFTs. Therefore, when the 

transconductance coefficients k and the channel length modulation coefficients A of the 

first TFT 902 and the second TFT 904 are equivalent, the following relation is formed 

between the drain voltage V ds of the first TFT 902 and the drain voltage V ds of the 

second TFT 904: Vds (902) < Vds (904). Next, when the case where a potential of the 

25 first input portion 900A is lower than a potential of the second input portion 900B is 
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considered similarly to the above, the following relation is formed between the drain 

voltage V ds of the first TFT 902 and the drain voltage V ds of the second TFT 904: V ds 

(902) > V~s (904). 

[0069] 

As described above, the voltage of the output portion 912 fluctuates depending 

on the magnitude relation of potentials of the first input portion 900A and the second 

input portion 900B. 

[0070] 

Next, FIGS. lOA and lOB each illustrate an example of a circuit configuration 

10 of the analog buffer circuit 164. An analog buffer circuit of FIG. lOA includes an input 

portion 1000, a wiring 914, a source follower circuit 1001, an inverter circuit 1002, the 

constant current circuit 1003, an inverter circuit 1004, and an output portion 1005. 

The wiring 914 is connected to the gate electrode of the fifth TFT 910 illustrated in each 

of FIGS. 9A to 9C. The output portion 1005 is connected to the output portion 166 of 

15 the demodulation signal generation circuit 150. 

[0071] 

An analog buffer circuit of FIG. lOB includes an input portion lOOOB, a wiring 

914B, a source follower circuit 1001B, a constant current circuit 1003B, and an output 

portion 1005B. The wiring 914B is connected to the gate electrode of the fifth TFT 

20 910 illustrated in each of FIGS. 9A to 9C. The output portion 1005B is connected to 

the output portion 166 of the demodulation signal generation circuit 150. 

[0072] 

Noise can be removed more effectively and a demodulation signal can be 

generated stably by provision of such an analog buffer circuit 164 as illustrated in FIG. 

25 lOA or lOB. 
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[0073) 

A demodulated signal is inputted into the digital circuit 106, individual 

identification information or the like stored in the memory circuit 108 by the digital 

circuit 106 is extracted, and the extracted information is encoded in the digital circuit 

5 106 and inputted into the modulation circuit 114. The modulation circuit 114 performs 

modulation in accordance with the inputted signal, and transmits information from the 

antenna circuit 102 to the reader/writer 116. The information received in the 

reader/writer 116 is transmitted to the control device 120 through the communication 

line 118. 

10 [0074) 

As described above, a modulation signal of which modulation factor is small is 

demodulated stably with the use of a semiconductor device of the present invention and 

thus information can be received. Specifically, the modulation signal can be 

demodulated by detection of a difference between a signal line and a reference line and 

15 data thereof can be extracted stably. 

[0075) 

Further, noise of the signal line and noise of the reference line have the same 

phase. As to the demodulation method of the present invention, demodulation is 

performed by comparison of the signal line and the reference line; therefore, the noise 

20 of each line is canceled because of the same phase. Through the above reasons, the 

semiconductor device of the present invention can perform demodulation having less 

influence of noise due to a carrier wave. 

[0076) 

Further, a wireless signal of which modulation factor is 10% can also be 

25 detected with the use of the present invention. Therefore, without passing through a 
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period where power is not supplied, a signal based on a communication method which 

is standardized with ISO/IEC 15693 can be transmitted and received. Since supply of 

power from a power supply is not impeded while a wireless signal is received in the 

semiconductor device of the present invention, the semiconductor device can operate 

5 stably. 

(Embodiment Mode 2) 

[0077] 

This embodiment mode will describe an example of a structure of a 

semiconductor device of the present invention which includes a demodulation signal 

10 generation circuit in a mode which is different from Embodiment Mode 1 with 

reference to the drawings. This embodiment mode will specifically describe a 

semiconductor device, in the case where a plurality of demodulation signal generation 

circuits are included, and one demodulation signal generation circuit is selected from 

the plurality of demodulation signal generation circuits by a selective circuit at the time 

15 of operation. 

[0078] 

FIG. 31 illustrates a semiconductor device 1500 to which the present invention 

is applied. In FIG. 31, the semiconductor device 1500 includes an antenna circuit 102 

which receives a radio wave, an analog circuit 130 which generates power from a power 

20 supply, from a signal received in the antenna circuit 102, and demodulates the signal, a 

digital circuit 106 which controls other circuit portions, and a memory circuit 108 which 

writes/reads data depending on output from the digital circuit 106. 

[0079] 

Note that the semiconductor device 1500 is not limited to the above structure, 

25 and a central processor unit (hereinafter referred to as a CPU), a sensor element, an 
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interface circuit, or the like may be included. 

[0080] 

PCT/JP2007/074603 

A semiconductor device capable of wireless communication is roughly 

classified into an active type which incorporates a power supply (a power storage 

5 portion) and a passive type which drives by utilization of power of a radio wave (or an 

electromagnetic wave) from external. Further, there is a type referred to as semi-active 

which charges a power supply (a power storage portion) by utilization of power of a 

radio wave (or an electromagnetic wave) from external. This embodiment mode 

describes the case where the semiconductor device 1500 is the passive type in which an 

10 electromagnetic wave is received from a reader/writer 110 and power of the 

electromagnetic wave is supplied to drive the semiconductor device; however, the 

present invention is not limited thereto. That is, the semiconductor device 1500 may 

be the active type. 

15 

[0081] 

In the electromagnetic wave transmitted from the reader/writer 110, a carrier 

wave having a certain frequency is modulated from a sub-carrier wave. A signal 

included in the sub-carrier wave is a binarized digital signal which is transmitted to the 

semiconductor device 1500 from the reader/writer 110. As to a modulation method of 

a carrier wave, there are an amplitude shift keying (ASK) modulation method which 

20 changes amplitude, a frequency shift keying (FSK) modulation method which changes a 

frequency, and a phase shift keying (PSK) modulation method which changes a phase. 

25 

This embodiment mode describes the case in which an electromagnetic wave modulated 

by the ASK modulation method is demodulated. 

[0082] 

The antenna circuit 102 includes an antenna and a capacitor. The antenna 
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circuit 102 receives a radio wave (an electromagnetic wave) which is transmitted from 

the reader/writer 110, and inputs the signal obtained at this time into each of a power 

supply circuit 200, a first demodulation signal generation circuit 201, and a second 

demodulation signal generation circuit 202 included in the analog circuit 130. Further, 

5 the antenna circuit 102 receives a signal of which carrier wave is modulated from the 

analog circuit 130, and transmits a response signal to the reader/writer 110. 

[0083] 

The shape of the antenna that can be used for the present invention is not 

particularly limited. Therefore, a signal transmission method applied to the antenna 

10 circuit 102 included in the semiconductor device 1500 can be an electromagnetic 

coupling method, an electromagnetic induction method, a radio wave method, or the 

like. The transmission method may be selected as appropriate by a practitioner in 

consideration of the intended use of the device. Thus, an antenna with an optimum 

length and shape may be provided in accordance with the transmission method. 

15 [0084] 

In the case of applying an electromagnetic coupling method or an 

electromagnetic induction method (for example, a 13.56 MHz band) as the transmission 

method, a conductive film which functions as an antenna is formed in an annular form 

(for example, a loop antenna) or a helical form (for example, a spiral antenna) in order to 

20 utilize electromagnetic induction that occurs with changes in magnetic density. 

[0085] 

In the case of using a microwave method (for example, UHF band (860 to 960 

MHz), 2.45 GHz band, or the like) which is one kind of radio wave methods as the 

transmission method, the length and shape of the conductive film which functions as an 

25 antenna may be determined as appropriate in consideration of the wavelength of radio 



WO 2008/078661 PCT/JP2007/074603 
35 

waves used for the signal transmission. For example, the conductive film which 

functions as an antenna may be formed in a linear form (for example, a dipole antenna), a 

flat form (for example, a patch antenna), or the like. Further, the shape of the conductive 

film which functions as an antenna is not limited to the linear form, and the conductive 

5 film may be provided in a curved form, a serpentine form, or a form combining them in 

consideration of the wavelength of the electromagnetic waves. 

[0086] 

FIGS. 12A to 12E each illustrate an example of the shape of the antenna 

provided in the antenna circuit 102. For example, as illustrated in FIG. 12A, a layout 

10 may be used in which an antenna 1201 is disposed all around a chip 1200 provided with a 

signal processing circuit. Alternatively, as illustrated in FIG. 12B, a layout may be used 

in which a chip 1202 provided with a signal processing circuit is coiled around by a thin 

antenna 1203. Further, as illustrated in FIG. 12C, a layout may be used in which an 

antenna of which shape is like that of an antenna 1205 for receiving high-frequency 

15 electromagnetic waves is disposed for a chip 1204 provided with a signal processing 

circuit. Alternatively, as illustrated in FIG. 12D, a layout may be used in which an 

antenna of which shape is like that of an antenna 1207 which is 180-degree 

omnidirectional (such that it can receive signals equally from any direction) is disposed 

for a chip 1206 provided with a signal processing circuit. As a further alternative, as 

20 illustrated in FIG. 12E, a layout may be used in which an antenna of which shape is like 

that of an antenna 1209 with a long rod shape is disposed for a chip 1208 provided with 

a signal processing circuit. The antenna circuit 102 may be formed by combination of 

the antennas with the above shapes. 

[0087] 

25 In FIGS. 12A to 12E, a connection method between the chip 1200 or the like 
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provided with a signal processing circuit and the antenna 1201 or the like is not 

particularly limited. By giving FIG. 12A as an example, the antenna 1201 and the chip 

1200 provided with a signal processing circuit are connected to each other by wire 

bonding or bump bonding. Alternatively, part of the chip may be used as an electrode to 

5 be attached to the antenna 1201. With this method, the chip 1200 can be attached to the 

antenna 1201 with the use of an .anisotropic conductive film (hereinafter referred to as 

ACF). Further, an appropriate length of the antenna differs depending on the frequency 

of a signal to receive. In general, in the case where, for example, a frequency of 2.45 

GHz is used, the length of the antenna may be approximately 60 nm (a half of the 

10 wavelength) or approximately 30 mm (a quarter of the wavelength). 

[0088] 

The analog circuit 130 is described with reference to FIG. 1. The analog 

circuit 130 includes the power supply circuit 200, the first demodulation signal 

generation circuit 201, the second demodulation signal generation circuit 202, a 

15 modulation circuit 204, an input/output portion 206, a first output portion 208, a second 

output portion 210, a third output portion 212, a fourth output portion 214, a first input 

portion 216, and a second input portion 218. The analog circuit 130 generates a power 

supply voltage, a first demodulation signal, a second demodulation signal, and a reset 

signal from an output signal of the antenna circuit 102. The input/output portion 206 

20 is connected to the antenna circuit 102, and receives and transmits a carrier wave. The 

first output portion 208 is connected to all the circuit blocks, and supplies the power 

supply voltages thereto. The second output portion 210 is connected to all the circuit 

blocks, and supplies the reset signals thereto. The third output portion 212 is 

connected to a selective circuit in the digital circuit 106, and outputs the first 

25 demodulation signal. The fourth output portion 214 is connected to the selective 
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circuit in the digital circuit 106, and outputs the second demodulation signal. The first 

input portion 216 is connected to the selective circuit in the digital circuit 106, and 

inputs a control signal of a comparator 510 into the selective circuit. The second input 

portion 218 is connected to the digital circuit 106, and inputs thereinto a response data 

5 signal which is modulated by the modulation circuit 204. The first demodulation 

signal generation circuit 201 demodulates a carrier wave of which modulation factor is 

100%, and the second demodulation signal generation circuit 202 demodulates a carrier 

wave of which modulation factor is 10%. Further, the second demodulation signal 

generation circuit 202 includes an input portion into which a signal outputted from the 

10 digital circuit 106 is inputted. Note that a regulator circuit, a limiter circuit, or the like 

may be added to a right place of the analog circuit 130 in order to stabilize the operation 

of the semiconductor device 1500. 

[0089] 

The power supply circuit 200 is described with reference to FIG. 3. The 

15 . power supply circuit 200 includes a first capacitor 300, a rectification portion 302 

provided with two diodes, a smoothing capacitor 304, and a delay circuit 306 provided 

with one resistor and one capacitor. The power supply circuit 200 smoothes the output 

signal from the antenna circuit 102 and generates the power supply voltage and the reset 

signal of the digital circuit. The power supply voltage is adjusted so as to have a stable 

20 potential having a certain potential difference from a reference potential (a potential of a 

reference line). 

[0090] 

The first demodulation signal generation circuit 201 demodulates data included 

m an induced voltage which is generated in the antenna circuit 102. The second 

25 demodulation signal generation circuit 202 demodulates data included in the induced 
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voltage which is generated in the antenna circuit 102. 

[0091] 

PCT I JP2007 /07 4603 

The carrier wave which is transmitted from the reader/writer 110 is modulated 

by the modulation circuit 204 in accordance with the output from the digital circuit 106, 

5 and transmitted to the antenna circuit 102. 

[0092] 

First, the digital circuit 106 receives the power supply voltage, the two systems 

of the demodulation signals, and the reset signals which are supplied from the analog 

circuit 130, and selects the first demodulation signal or the second demodulation signal 

10 depending on the condition of the waveform of the first demodulation signal, whereby 

the demodulation signal generation circuit to use is determined. Next, in the digital 

circuit 106, the selected signals are transmitted to other digital circuits, and information 

on which signal is selected is fed back to the analog circuit 130. Further, an instruction 

which is given so as to operate the semiconductor device 1500 in accordance with the 

15 content of data of the selected demodulation signal is executed. For example, when 

the content of data of the selected demodulation signal is to "reply to the reader/writer 

110 with data of the memory circuit 108", the data is obtained by accessing the memory 

circuit 108 and transmitted to the modulation circuit 204. 

20 

[0093] 

The memory circuit 108 stores at least specific data (individual identification 

.information) of the semiconductor device 1500. The memory circuit 108 includes a 

control circuit, which performs writing or reading of data in accordance with the digital 

circuit 106, and a circuit having a memory element. The memory circuit 108 is similar 

to the memory circuit 108 in Embodiment Mode 1. As long as the memory content of 

25 the memory circuit 108 is specific data (individual identification information or the like) 
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of the semiconductor device 1500, a nonvolatile memory which can store memory 

without being supplied with power is preferably used. On the other hand, as long as 

temporary memory used in processing performed by the semiconductor device 1500 is 

stored, a volatile memory may be used. Particularly in the case of a so-called passive 

5 type in which the semiconductor device 1500 has no battery, a nonvolatile memory is 

preferably used as the memory circuit 108. Further, in consideration of security, a 

non-rewritable memory is preferably used to store the specific data of the 

semiconductor device 1500. 

10 

[0094] 

The first demodulation signal generation circuit 201 included in the 

semiconductor device 1500 of this embodiment mode is described with reference to FIG. 

4. The first demodulation signal generation circuit 201 includes an input portion 400, 

an output portion 416, a first diode 404, a second diode 406, a first resistor 408, a 

second resistor 412, a first capacitor 402, a second capacitor 410, and a third capacitor 

15 414. The input portion 400 is connected to one end of the first capacitor 402. The 

other end of the first capacitor 402 is connected to an anode of the first diode 404 and a 

cathode of the second diode 406. A cathode of the first diode 404 is connected to each 

of one ends of the first resistor 408, the second capacitor 410, and the second resistor 

412. The other end of the second resistor 412 is connected to one end of the third 

20 capacitor 414 and the output portion 416. Further, an anode of the second diode 406, 

each of the other ends of the first resistor 408, the second capacitor 410, and the third 

capacitor 414 are connected to a reference potential (Vss). 

[0095] 

One configurational example of the second demodulation signal generation 

25 circuit 202 included in the semiconductor device 1500 of this embodiment mode is 
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described with reference to FIGS. 5 and 6 (6C-1 to 6C-2). The second demodulation 

signal generation circuit 202 includes a first input portion 500, a second input portion 

518, an output portion 514, a first demodulation circuit 502, a second demodulation 

circuit 504, a first bias circuit 506, a second bias circuit 508, and a comparator 510. 

5 Although these circuits provided in the second demodulation signal generation circuit 

202 are described below, the present invention is not limited to the following 

description. 

[0096] 

The input portion 500 of the second demodulation signal generation circuit 202 

10 is connected to an input portion 600 of the first demodulation circuit 502 and an input 

portion 620 of the second demodulation circuit 504, and the second input portion 518 of 

the second demodulation signal generation circuit 202 is connected to an input portion 

918 (see FIGS. 9A to 9C) of the comparator 510. An output portion 616 of the first 

demodulation circuit 502 is connected to an input portion 800A of the first bias circuit 

15 506, and an output portion 636 of the second demodulation circuit 504 is connected to 

an input portion 800B of the second bias circuit 508. An output portion 808A of the 

first bias circuit 506 is connected to a first input portion 900A of the comparator 510, 

and an output portion 808B of the second bias circuit 508 is connected to a second input 

portion 900B of the comparator 510. An output portion 912 of the comparator 510 is 

20 connected to the output portion 514 of the second demodulation signal generation 

circuit 202. 

[0097] 

Note that the first demodulation circuit and the second demodulation circuit 

included in the second demodulation signal generation circuit demodulate electric 

25 signals which have opposite polarities opposite to each other. 
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[0098] 

Note that the output portion 912 of the comparator 510 and the output portion 

514 of the second demodulation signal generation circuit 202 are preferably connected 

to each other through an analog buffer circuit 512 as illustrated in FIG. 5. As the 

5 analog buffer circuit 512, a source follower circuit, a common source amplifier circuit, 

and the like can be given. Noise can be removed more effectively and a demodulation 

signal can be generated stably by provision of the analog buffer circuit 512. 

[0099] 

FIGS. 6A to 6C (6C-1 to 6C-3) each illustrate an example of a configuration of 

10 a demodulation circuit which is used as each of the first demodulation circuit 502 and 

the second demodulation circuit 504. FIG. 6A illustrates the first demodulation circuit 

502. The first demodulation circuit 502 includes an input portion 600, an output 

portion 616, a first diode 604, a second diode 606, a first resistor 608, a second resistor 

612, a first capacitor 602, a second capacitor 610, and a third capacitor 614. The input 

15 portion 600 is connected to one end of the first capacitor 602. The other end of the 

first capacitor 602 is connected to an anode of the first diode 604 and a cathode of the 

second diode 606. A cathode of the first diode 604 is connected to each of one ends of 

the first resistor 608, the second capacitor 610, and the second resistor 612. The other 

end of the second resistor 612 is connected to one end of the third capacitor 614 and the 

20 output portion 616. Further, an anode of the second diode 606, each of the other ends 

of the first resistor 608, the second capacitor 610, and the third capacitor 614 are 

connected to a reference potential (V ss). 

[0100] 

FIG. 6B illustrates the second demodulation circuit 504. The demodulation 

25 circuit includes the input portion 620, the output portion 636, a first diode 624, a second 
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diode 626, a first resistor 628, a second resistor 632, a first capacitor 622, a second 

capacitor 630, and a third capacitor 634. The input portion 620 is connected to one 

end of the first capacitor 622. The other end of the first capacitor 622 is connected to a 

cathode of the first diode 624 and an anode of the second diode 626. An anode of the 

5 first diode 624 is connected to each of one ends of the first resistor 628, the second 

capacitor 630, and the second resistor 632. The second resistor 632 is connected to 

one end of the third capacitor 634 and the output portion 636. Further, a cathode of the 

second diode 626, each of the other ends of the first resistor 628, the second capacitor 

630, and the third capacitor 634 are connected to a reference potential (V ss). 

10 [0101] 

Each of the first diode 604, the second diode 606, the first diode 624, and the 

second diode 626 of FIGS. 6A and 6B may be formed of a diode-connected TFT. A 

diode illustrated in FIG. 6C-1 of, a diode-connected n-type TFT illustrated in FIG. 6C-2, 

and a diode-connected p-type TFT illustrated in FIG. 6C-3 are equivalent as a circuit. 

15 FIGS. 7A (7A-1 and 7A-2) each illustrate an example in which a circuit 618, which is 

part of the first demodulation circuit 502, illustrated in FIG. 6A is formed using any of 

the TFTs illustrated in FIGS. 6C (6C-1 to 6C-3). Similarly, FIGS. 7B (7B-1 and 7B-2) 

each illustrate an example in which a circuit 638, which is part of the second 

demodulation circuit 504, illustrated in FIG. 6B is formed using any of the TFTs 

20 illustrated in FIGS. 6C (6C-1 to 6C-3). In the circuit illustrated in FIG. 7A-1, n-type 

TFTs 700 and 702 are used as diode-connected TFTs. In the circuit illustrated in FIG. 

7A-2, p-type TFTs 704 and 706 are used as diode-connected TFTs. In the circuit 

illustrated in FIG. 7B-1, n-type TFTs 708 and 710 are used as diode-connected TFTs. 

In the circuit illustrated in FIG. 7B-2, p-type TFTs 712 and 714 are used as 

25 diode-connected TFTs. 
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[0102] 

The first demodulation circuit 502 and the second demodulation circuit 504 

may be formed by combination of the circuits illustrated in FIGS. 6A to 6C (6C-1 to 

6C-3) and FIGS. 7A (7A-1 and 7A-2) and 7B (7B-1 and 7B-2). The first 

5 demodulation circuit 502 having the circuit 618 illustrated in FIG. 7A-1 and the second 

demodulation circuit 504 having the circuit 638 illustrated in FIG. 7B-2 may be used, or 

the first demodulation circuit 502 having the circuit 618 illustrated in FIG. 7 A-2 and the 

second demodulation circuit 504 having the circuit 638 illustrated in FIG. 7B-1 may be 

used. Alternatively, the first demodulation circuit 502 having the circuit 618 illustrated 

10 in FIG. 7A-2 and the second demodulation circuit 504 having the circuit 638 illustrated 

in FIG. 7B-2 may be used. Preferably, the circuit 618 illustrated in FIG. 7A-1 is used 

for the first demodulation circuit 502, and the circuit 638 illustrated in FIG. 7B-1 is used 

for the second demodulation circuit 504. In general, carriers of an n-type TFT have 

higher mobility than those of a p-type TFT. Therefore, n-type TFTs are used for all 

15 · TFTs included in the first demodulation circuit and the second demodulation circuit, so 

that operation performance of the circuits can be improved. 

[0103] 

The first capacitor 602 (or ·the first capacitor 622) illustrated in FIG. 6A 

compensates center of a wave amplitude (a reference line). The first resistor 608 (or 

20 the first resistor 628) makes constant current flowing through a point bl (or a point b2). 

Further, the second capacitor 610 (or the second capacitor 630) is provided to smooth a 

waveform. The resistance of the first resistor 608 (or the first resistor 628) is adjusted 

as appropriate depending on the degree of electrostatic capacitance of the second 

capacitor 610 (or the second capacitor 630). When the resistance of the first resistor 

25 608 (or the first resistor 628) is small, amplitude is reduced; and when the resistance is 
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excessive, a breakdown phenomenon of the second diode 606 (or the second diode 626) 

occurs; thus, the semiconductor device does not operate normally. Furthermore, the 

second resistor 612 (or the second resistor 632) and the third capacitor 614 (or the third 

capacitor 634) function as a low-pass filter which removes a high-frequency component. 

5 [0104] 

FIG. 8 illustrates an example of a configuration of the first bias circuit 506 and 

the second bias circuit 508. In a bias circuit illustrated in FIG. 8, an input portion 800 

(the input portion 800 is hereinafter referred to as the input portion 800A and the input 

portion 800B in the first bias circuit and the second bias circuit, respectively) is 

10 connected to one end of a capacitor 802 (the capacitor 802 is hereinafter referred to as a 

capacitor 802A and a capacitor 802B in the first bias circuit and the second bias circuit, 

respectively). The other end of the capacitor 802 is connected to an output portion 808 

(the output portion 808 is hereinafter referred to as the output portion 808A and the 

output portion 808B in the first bias circuit and the second bias circuit, respectively), 

15 and each of one ends of a first resistor 804 (the first resistor 804 is hereinafter referred 

to as a first resistor 804A and a first resistor 804B in the first bias circuit and the second 

bias circuit, respectively) and a second resistor 806 (the second resistor 806 is 

hereinafter referred to as a second resistor 806A and a second resistor 806B in the first 

bias circuit and the second bias circuit, respectively). The other end of the first resistor 

20 804 is connected to a power supply potential (Yoo), and the other end of the second 

resistor 806 is connected to a reference potential (V ss). 

[0105] 

The capacitor 802 isolates the input portion 800 galvanically from the power 

supply potential to which the first resistor 804 is connected. 
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[0106] 

The first resistor 804 and the second resistor 806 are provided to generate a 

difference between potentials of signals which are inputted into the first input portion 

900A and the second input portion 900B included in the comparator 510. Resistance 

5 R1A of the first resistor 804A, resistance Rrn of the first resistor 804B, resistance R2A of 

the second resistor 806A, and resistance R2B of the second resistor 806B satisfy R1A ;e 

R2A and Rrn ;e R2B. Preferably, RiA = R2B and Rrn = R2A· Malfunction in the 

comparator 510, which results from noise, can be prevented when the comparator 510 

has the first bias circuit 506 and the second bias circuit 508. 

10 [0107] 

FIGS. 9A to 9C each illustrate an example of a configuration of the comparator 

510. The comparator 510 includes a circuit having a function to compare two signals, 

for example, a differential circuit, a differential amplifier, or an operational amplifier, 

and a switch for stopping the operation (which is an operation to stop a current which 

15 flows to a reference potential from a power supply potential). The comparator 510 

includes the first input portion 900A, the second input portion 900B, a third input 

portion 918, a first TFT 902 to a sixth TFT 916, and the output portion 912. In the 

comparator 510, the first input portiori 900A is connected to the output portion 808A of 

the first bias circuit 506, and the second input portion 900B is connected to the output 

20 portion 808B of the second bias circuit 508. The first input portion 900A is connected 

to a gate electrode of the first TFT 902 (n-type ), and the second input portion 900B is 

connected to a gate electrode of the second TFT 904 (n-type). One of a source 

electrode and a drain electrode of the first TFT 902 (n-type) is connected to one of a 

source electrode and a drain electrode of the fifth TFT 910 (n-type) and one of a source 

25 electrode and a drain electrode of the second TFT 904 (n-type). The other of the 
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source electrode and drain electrode of the first TFT 902 (n-type) is connected to one of 

a source electrode and a drain electrode of the third TFT 906 (p-type ), a gate electrode 

of the third TFT 906 (p-type ), and a gate electrode of the fourth TFT 908 (p-type ). The 

other of the source electrode and drain electrode of the third TFT 906 (p-type) is 

5 connected to the power supply potential (V00). One of a source electrode and a drain 

electrode of the fourth TFT 908 (p-type) is connected to the power supply potential 

(V00). The other of the source electrode and drain electrode of the fourth TFT 908 

(p-type) is connected to the output portion 912 and the other of the source electrode and 

drain electrode of the second TFT 904 (n-type ). A gate electrode of the fifth TFT 910 

10 (n-type) is connected to a constant current circuit 1003 (see FIG. lOA) through a wiring 

914. The other of the source electrode and drain electrode of the fifth TFT 910 

(n-type) is connected to one of a source electrode and a drain electrode of a sixth TFT 

916 (p-type ). The other of the source electrode and drain electrode of the sixth TFT 

916 (p-type) connected to a reference potential (V ss). Note that the sixth TFT 916 

15 (p-type) may be connected so that the sixth TFT 916 (p-type) at least controls a current 

which flow to the reference potential from the power supply potential. The sixth TFT 

916 (p-type) may be disposed between the following: between a wiring of the power 

supply potential ~nd a wiring connectillg one of the source electrode and drain electrode 

of the third TFT 906 (p-type) and one of the source electrode and drain electrode of the 

20 fourth TFT 908 (p-type) (see a sixth TFT 916C of FIG. 9C); between the fifth TFT 910 

(n-type) and a wiring of the reference potential (see the sixth TFT 916 of FIG. 9A); or 

between one of the source electrode and drain electrode of the fifth TFT 910 (n-type) 

and a wiring connecting one of the source electrode and drain electrode of the first TFT 

902 (n-type) and one of the source electrode and drain electrode of the second TFT 904 

25 (n-type) (see a sixth TFT 916B of FIG. 9B). A gate electrode of the sixth TFT 916 
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(p-type) is connected to the third input portion 918. The wiring 914 is connected to the 

constant current circuit 1003. Note that the configuration of the comparator 510 is not 

limited thereto. 

[0108] 

5 Hereinafter, an operation of the comparator 510 is described. First, the case 

where the sixth TFT 916 (p-type) is turned on is described. 

[0109] 

A current which flows through the fifth TFT 910 (n-type) which is a constant 

current source of the comparator 510 is set Id. Here, since the third TFT 906 (p-type) 

10 and the fourth TFT 908 (p-type )form a current mirror circuit, a current of ld/2 flows 

15 

between the source electrode and the drain electrode of each of the third TFT 906 

(p-type) and the fourth TFT 908 (p-type ). In addition, a potential of each of points a 

illustrated in FIGS. 9A to 9C is set V5• 

[0110] 

Here, the case where a different potential is applied to two TFTs which form a 

differential pair is described. First, the case where a potential of the first input portion 

900A is higher than a potential of the second input portion 900B is considered. A 

current which flows through the first TFT 902 (n-type) and the second TFT 904 (n-type) 

is expressed in the following formula (1 ), where V gs is a gate voltage; V ds, a drain 

20 voltage; V1h, a threshold voltage; k, a transconductance coefficient; and /...., a channel 

length modulation coefficient. 

[0111] 

[FORMULAl] 

Ids = Id = k (V
8
s - V,1z ) 2 (1 + A · VdJ 

2 
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[0112] 

Since a potential of the first input portion 900A is higher than a potential of the 

second input portion 900B in the formula (1 ), the following relation is formed between 

V gs (902) which is the gate voltage of the first TFT 902 and Vgs (904) which is the gate 

5 voltage of the second TFT 904: V gs (902) > V gs (904). The transconductance 

coefficient k is a value unique (a constant) to a TFT which is determined by a carrier 

mobility, a capacitance of a gate insulating film, a channel width, and a channel length 

of a channel formation region of each of the TFTs, and the channel l~ngth modulation 

coefficient /.... is a constant which is determined by manufacturing processes of each of 

10 the TFTs. Therefore, when the transconductance coefficients k and the channel length 

modulation coefficients /.... of the first TFT 902 (n-type) and the second TFT 904 (n-type) 

are equivalent, the following relation is formed between the drain voltage Vds of the first 

TFT 902 (n-type) and the drain voltage Vds of the second TFT 904 (n-type): Vds (902) < 

Vds (904). Next, when the case where a potential of the first input portion 900A is 

15 lower than a potential of the second input portion 900B is considered similarly to the 

above, the following relation is formed between the drain voltage V ds of the first TFT 

902 (n-type) and the drain voltage Vds of the second TFT 904 (n-type): Vds (902) > Vds 

(904). 

20 

[0113] 

As described above, the voltage of the output portion 912 fluctuates depending 

on the magnitude relation of potentials of the input portion 900A and the input portion 

900B. 

[0114] 

Next, the case where the sixth TFT 916 (p-type) is turned off is described. 
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[0115] 

The sixth TFT 916 (p-type) is turned off; therefore, a point in which there is 

almost no carrier mobility of the power supply potential (Von) and the reference 

potential (VSS) generates in the comparator 510. Accordingly, this point (a node) 

5 comes to be in a floating potential, and the node which comes to be in a floating 

potential is affected by each parameter, manufacturing processes, or the like of a device. 

[0116] 

Note that the comparator 510 is not limited to the above configuration, and any 

configuration may be employed as long as a function similar to the above can be 

10 obtained. 

[0117] 

Next, FIGS. lOA and lOB each illustrate an example of a circuit configuration 

of the analog buffer circuit 512. The analog buffer circuit of FIG. lOA includes the 

input portion 1000, the wiring 914, the source follower circuit 1001, the inverter circuit 

15 1002, the constant current circuit 1003, the inverter circuit 1004, and the output portion 

1005. The wiring 914 is connected to the wiring 914 of the comparator 510. The 

output portion 1005 is connected to the output portion 514 of the second demodulation 

signal generation circuit 202. 

20 

25 

[0118] 

An analog buffer circuit of FIG. lOB includes the input portion lOOOB, the 

wiring 914B, the source follower circuit 1001B, the constant current circuit 1003B, and 

the output portion 1005B. The output portion 1005B is connected to the output portion 

514 of the second demodulation signal generation circuit 202. 

[0119] 

Noise can be removed more effectively and a demodulation signal can be 



WO 2008/078661 PCT I JP2007 /07 4603 
50 

generated stably by provision of such an analog buffer circuit 512 as illustrated in FIG. 

lOAor lOB. 

[0120] 

The selective circuit which processes the first demodulation signal and the 

5 second demodulation signal is described with reference to FIG. 11. The selective 

circuit is part of the digital circuit; however, a clock is not needed. Hereinafter, an 

example of a structure of a circuit block and an operation thereof is described. 

[0121] 

The selective circuit illustrated in FIG. 11 includes a first input portion 1100, a 

10 second input portion 1102, a first output portion 1110, a second output portion 1112, an 

inverter 1104, a flip-flop circuit 1106, and a selector circuit 1108. The first input 

portion 1100 is connected to an input portion of the inverter 1104 and an A terminal of 

the selector circuit 1108, and the second input portion 1102 is connected to a B terminal 

of the selector circuit 1108. Note that connections to the A and B terminals of the 

15 selector circuit 1108 are not limited thereto. The first input portion 1100 may be 

connected to the B terminal of the selector circuit 1108, and the second input portion 

1102 may be connected to the input portion of the inverter 1104 and the A terminal of 

the selector circu.it 1108. An output portion of the inverter 1104 is connected to a CLK 

terminal of the flip-flop circuit 1106, a power supply potential is connected to a D 

20 terminal thereof, and a reset signal is inputted into an XR terminal thereof. A Q 

terminal which is an output portion of the flip-flop circuit 1106 is connected to the first 

· output portion 1110 and an S terminal of the selector circuit 1108. A Q terminal which 

is an output portion of the selector circuit 1108 is connected to the second output portion 

1112. 
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[0122] 

Hereinafter, an operation of the selective circuit of FIG. 11 is described. 

"HIGH" in describing the operation represents a potential state the same as a power 

supply potential, and "LOW" represents a potential state the same as a reference 

5 potential. The selective circuit of FIG. 11 monitors a state of the first input portion 

1100, selects one of signals in the two input portions from the result of the monitoring, 

outputs the selected signal to the second output portion 1112, and outputs information 

on which signal is selected to the first output portion 1110. The selected signal is 

outputted to other digital circuits from the second output portion 1112, and information 

10 on which signal is selected is fed back to the second demodulation signal generation 

circuit 202 of the analog circuit 130 from the first output portion 1110. A feedback 

signal is HIGH when the first demodulation signal is selected, and a feed back signal is 

LOW when the second demodulation signal is selected. Note that a relation between a 

feedback signal and the selected signal is not limited thereto. A feedback signal may 

15 be LOW when the first demodulation signal is selected, and a feedback signal may be 

HIGH when the second demodulation signal is selected. 

[0123] 

Next, the inverter 1104 is described. When a signal changes from HIGH to 

LOW or from LOW to HIGH in the first input portion 1100 connected to the input 

20 portion of inverter 1104, an output of the inverter 1104 changes to an inverse state from 

a state just before the output (a signal changes from LOW to HIGH or from HIGH to 

LOW). On the other hand, when a signal maintains HIGH or LOW in the first input 

portion 1100 connected to the input portion of the inverter 1104, an output of the 

inverter 1104 maintains a state just before the output without being inverted (a signal 

25 maintains HIGH or LOW). By utilization of this property, a waveform state of the first 
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input portion 1100 (whether or not the waveform is one of a signal which changes from 

HIGH to LOW or from LOW to HIGH in the inverter) is detected. Note that an 

element other than the inverter may be used as long as changes from HIGH to LOW or 

from LOW to HIGH of the signal in the input portion can be monitored. 

5 [0124] 

Next, the flip-flop circuit 1106 is described. First, the output Q becomes 

LOW by the reset signal inputted into the XR terminal. Next, when the output of the 

inverter 1104 changes to HIGH from LOW (from HIGH to LOW depending on a circuit 

configuration), the flip-flop circuit 1106 transmits a power supply potential (Vnn, which 

10 is usually HIGH, and the same can be said for the following) connected to the D 

terminal to the output Q. On the other hand, an output of the flip-flop circuit 1106 

maintains a state just before the output except when the output of the inverter 1104 

changes to HIGH from LOW (from HIGH to LOW depending on a circuit 

configuration). That is, the power supply potential is outputted only when the output 

15 Q becomes LOW by the reset signal and the output of the inverter 1104 changes from 

LOW to HIGH (from HIGH to LOW depending on a circuit configuration). 

[0125] 

Next, th.e selector circuit 1108 is described. The selector circuit selects the A 

terminal or the B terminal by a potential of the S terminal, and a potential of the selected 

20 terminal is outputted to a Y terminal. For example, in a configuration where a 

potential of the A terminal is outputted to the Y terminal when a potential of the S 

terminal is HIGH, a potential of the B terminal is outputted to the Y terminal if the S 

terminal is LOW. Here, the terminal A is selected when the S terminal is HIGH and 

the B terminal is selected when the S terminal is LOW; however, a relation between a 

25 potential of the S terminal and selection of the A terminal or the B terminal is not 
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The behaviors of the demodulation signals and signals lines in periphery 

thereof in the case of a carrier wave of which modulation factor is 100% and the case of 

5 a carrier wave of which modulation factor is 10% are each described. 

[0127] 

In the case of the carrier wave of which modulation factor is 100%, a signal of 

which modulation factor is 100% is inputted from the antenna circuit 102 into the first 

demodulation signal generation circuit 201 and the second demodulation signal 

10 generation circuit 202 of the analog circuit 130. The first demodulation signal, which 

is an output signal from the first demodulation signal generation circuit 201, has a 

waveform that a signal in the inverter 1104 changes from HIGH to LOW or from LOW 

to HIGH. Consequently, the first demodulation signal is selected as a demodulation 

signal and outputted to other digital circuits. Further, the information is fed back to the 

15 second demodulation signal generation circuit 202, the operation of the comparator 510 

is stopped, and waste of power is suppressed. 

[0128] 

In the case of the carrier wave of which modulation factor is 10%, a signal of 

which modulation factor is 10% is inputted from the antenna circuit 102 into the first 

20 .demodulation signal generation circuit 201 and the second demodulation signal 

generation circuit 202 of the analog circuit 130. The second demodulation signal, 

which is an output signal from the second demodulation signal generation circuit 202, 

has a waveform that a signal in the inverter 1104 maintains HIGH or LOW. 

Consequently, the second demodulation signal is selected as a demodulation signal and 

25 outputted to other digital circuits. Further, the information is fed back to the second 
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demodulation signal generation circuit 202, and the comparator 510 is operated without 

being stopped. 

[0129] 

According to one structural example described above, both the carrier wave of 

5 which modulation factor is 100% and the carrier wave of which modulation factor is 

10% can be demodulated, and useless power consumption can be suppressed in the case 

of the carrier wave of which modulation factor is 100%. 

[0130] 

As discussed above, in the case where the carrier wave of which modulation 

10 factor is 10% and the case where the carrier wave of which modulation factor is 100%, 

the demodulation signal generation circuit to use is switched and part of operation of the 

circuit which is not used is stopped, so that power consumption can be reduced. 

[0131] 

In addition, a different demodulation signal generation circuit is used in each of 

15 the cases of the carrier wave of which modulation factor is 10% and the case of the 

carrier wave of which modulation factor is 100%. Therefore, as to a parameter of an 

element included in each of the demodulation signal generation circuits, it is not 

necessary to take into consideration even the case where a modulation factor is 

different; thus, flexibility in designing the semiconductor device is improved. Further, 

20 the semiconductor device is operated stably with ease. 

[0132] 

A demodulation signal is monitored in the digital circuit only using· the shape 

of a waveform of the first demodulation signal; therefore, the semiconductor of the 

present invention can be realized in a small circuit size. 
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[0133] 

Further, in the second demodulation signal generation circuit, the second 

demodulation signal is generated by detection of a difference between an output of the 

first bias circuit and an output of the second bias circuit in the second demodulation 

5 signal generation circuit, and a demodulation signal can be generated stably even with a 

signal of which modulation factor is small. Accordingly, information can be 

transmitted and received. 

[0134] 

Noise that exists in each of the outputs of the first bias circuit and the second 

10 bias circuit has the same phase. In the present invention, the second demodulation 

signal is generated by comparison of the outputs of the first bias circuit and the second 

bias circuit. Therefore, the noise of each of the outputs is cancelled, and influence of 

noise, which results from a carrier wave, is reduced; thus, a signal can be demodulated. 

Consequently, as to a wireless signal of which modulation factor is 10%, the signal can 

15 be also detected stably. Therefore, signal transmission and reception which are based 

on ISO/IEC 15693 can be performed stably. 

[0135] 

Further, in the semiconductor device of the present invention, power from a 

power supply is continuously supplied while a wireless signal is received; therefore, the 

20 semiconductor device can be operated stably. 

(Embodiment Mode 3) 

[0136] 

This embodiment mode will describe an example of a structure of a 

semiconductor device of the present invention which includes a demodulation signal 

25 generation circuit in a mode which is different from Embodiment Modes 1 and 2. 
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Specifically, this embodiment mode will employ a structure in which the semiconductor 

device described in Embodiment Mode 2 is provided with a battery. 

[0137] 

FIG. 14 illustrates a block diagram of a semiconductor device of this 

5 embodiment mode. A semiconductor device 1800 of this embodiment mode transmits 

and receives data wirelessly to and from a reader/writer 1811 by an electromagnetic 

wave. The reader/writer 1811 is preferably connected to a control device 1813 through 

a communication line 1812. The control device 1813 controls communication 

between the reader/writer 1811 and the semiconductor device 1800. 

10 [0138] 

Further, the semiconductor device 1800 is wirelessly supplied with power from 

the reader/writer 1811. 

[0139] 

The semiconductor device 1800 includes an antenna circuit 1802, a 

15 charging/discharging circuit 1803, a battery 1804, a power supply circuit 1805, a first 

demodulation signal generation circuit 1806, a second demodulation signal generation 

circuit 1807, a modulation circuit 1808, a control circuit 1809, and a storage circuit 

1810. The semiconductor device 1800 may include not an antenna but a wiring for 

connecting to an external antenna. The wiring and the external antenna may be 

20 connected with each other. In this case, the antenna which is separately manufactured 

is connected to the wiring. A connection terminal (a terminal electrode) which is 

electrically connected to the wiring may be used to connect the wiring and the antenna. 

Further, the semiconductor device 1800 is not limited to the above structure, and may 

include a clock generation circuit, a central processor unit (hereinafter referred to as a 

25 CPU), or the like. 
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[0140] 

Note that the clock generation circuit refers to a circuit which generates and 

supplies to each circuit a clock signal having a frequency necessary for operations of the 

control circuit 1809, the memory circuit 1810, and the like based on an AC induced 

5 voltage which is generated in the antenna circuit 1802. An oscillation circuit or a 

frequency division circuit may be used for the clock generation circuit. 

[0141] 

The antenna circuit 1802 preferably having an antenna and a rectifier circuit, 

receives an electromagnetic wave, which is transmitted from the reader/writer 1811, and 

10 generates an AC induced voltage. The induced voltage becomes power from a power 

supply of the semiconductor device 1800 and also includes data transmitted from the 

reader/writer 1811. 

[0142] 

The shape of the antenna that can be used for the present invention is not 

15 particularly limited. Therefore, a signal transmission method applied to the antenna 

circuit 1802 included in the semiconductor device 1800 can be an electromagnetic 

coupling method, an electromagnetic induction method, a radio wave method, or the 

like. The transmission method may be selected as appropriate by a practitioner in 

consideration of the intended use of the device. Thus, an antenna with an optimum 

20 length and shape may be provided in accordance with the transmission method. In the 

present invention, an electromagnetic induction method having a communication 

frequency of 13.56 MHz is preferably used as the signal transmission method. 

[0143] 

In the case of applying an electromagnetic coupling method or an 

25 electromagnetic induction method (for example, a 13.56 MHz band) as the transmission 
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method, a conductive film which functions as the antenna is formed in an annular form 

(for example, a loop antenna) or a helical form (for example, a spiral antenna) in order to 

utilize electromagnetic induction that occurs with changes in magnetic density. 

[0144] 

In the case of using a microwave method (for example, UHF band (860 to 960 

MHz), 2.45 GHz band, or the like) which is one kind of radio wave methods as the 

transmission method, the length and shape of the conductive film which functions as the 

antenna may be determined as appropriate in consideration of the wavelength of radio 

waves used for the signal transmission. For example, the conductive film which 

10 functions as the antenna may be formed in a linear form (for example, a dipole antenna), a 

flat form (for example, a patch antenna), or the like. Further, the shape of the conductive 

film which functions as the antenna is not limited to the linear form, and the conductive 

film may be provided in a curved form, a serpentine form, or a form combining them in 

consideration of the wavelength of the electromagnetic waves. 

15 [0145] 

20 

25 

Note that the shape and the connection method of the antenna provided for the 

antenna circuit 1802 are similar to those of the antenna included in the semiconductor 

device 1500 of Embodiment Mode 1 which is illustrated in FIG. 8. 

[0146] 

The power supply circuit 1805 rectifies the induced voltage, which is generated 

in the antenna circuit 1802, by a diode or the like, and stabilizes the induced voltage 

with the use of a capacitor, thereby adjusting so as to maintain a stable potential having 

a certain potential difference from a reference potential (a potential of a reference line). 

[0147] 

The control circuit 1809 selects a first demodulation signal or a second 
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demodulation signal, and data for controlling the second demodulation signal generation 

circuit 1807 is outputted when the first demodulation signal is selected. Further, the 

control circuit 1809 performs the following operations based on the selected 

demodulated signal: analyzing instructions; controlling the memory circuit 1810; 

5 outputting data for external transmission to the modulation circuit 1808; and the like. 

The control circuit 1809 may include a decoding circuit, an information judging circuit, 

or the like, in addition to a generation circuit of a memory control signal. Further, the 

control circuit 1809 may include a circuit which converts part or all of data extracted 

from the memory circuit 1810, which is transmitted from the semiconductor device 

10 1800 to the reader/writer 1811, into an encoded signal. 

[0148] 

The memory circuit 1810 stores at least specific data (individual identification 

information) of the semiconductor device 1800. The memory circuit 108 includes a 

control circuit, which performs writing or reading of data in accordance with the control 

15 circuit 1809, and a circuit having a memory element. The memory circuit 1810 

includes one or more of an organic memory, a dynamic random access memory 

(DRAM), a static random access memory (SRAM), a ferroelectric random access 

memory (FeRAM), a mask read-only memory (ROM), a programmable read only 

memory (PROM), an electrically programmable read only memory (EPROM), an 

20 electrically erasable programmable read only memory (EEPROM), and a flash memory. 

As long as the memory content of the memory circuit 1810 is specific data (individual 

identification information or the like) of the semiconductor device 1800, a nonvolatile 

memory which can store memory without being supplied with power is preferably used. 

On the other hand, as long as temporary memory is used in processing performed by the 

25 semiconductor device 1800 is stored, a volatile memory may be used. Particularly in 
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the case of a so-called passive type in which the semiconductor device 1800 has no 

battery, a nonvolatile memory is preferably used as the memory circuit 1810. 

[0149] 

The organic memory has a structure in which a layer containing an organic 

5 compound is sandwiched between a pair of conductive layers, which has at least two 

advantages because the structure is simple. One advantage is that a manufacturing 

process can be simplified and that the cost can be reduced. The other advantage is that 

it is easy to reduce the area of the memory circuit and increase in capacitor can be 

realized easily. Therefore, it is preferable to use the organic memory for the memory 

10 circuit 1810. 

'[0150] 

15 

The modulation circuit 1808 transmits load modulation to the antenna circuit 

1802 based on a signal from the control circuit 1809. 

[0151] 

The first demodulation signal generation circuit 1806 and the second 

demodulation signal generation circuit 1807 demodulate and extract data included in the 

induced voltage which is generated in the antenna circuit 1802. 

[0152] 

In the semiconductor device of this embodiment mode, an electromagnetic 

20 wave from the reader/writer is received and power by the electromagnetic wave is 

supplied to drive the semiconductor device. Therefore, although a passive-type 

semiconductor device is described in this embodiment mode, the present invention is 

not limited thereto. As a structure in which a battery is contained inside the 

semiconductor device, power may be supplied from a battery to drive the semiconductor 

25 device. 
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[0153] 

The electromagnetic wave transmitted from the reader/writer is a carrier wave 

having a certain frequency which is modulated from a sub-carrier wave. A signal 

included in the sub-carrier wave is a binarized digital signal which is transmitted to the 

5 semiconductor device from the reader/writer. As to a modulation method of the carrier 

wave, there are an amplitude shift keying (ASK) modulation method which changes 

amplitude and a frequency shift keying (FSK) modulation method which changes a 

frequency. This embodiment mode describes the case in which an electromagnetic 

wave modulated by the ASK modulation method is demodulated. 

10 [0154] 

The first demodulation signal generation circuit 1806 and the second 

demodulati~n signal generation circuit 1807 included in the semiconductor device 1800 

of the present invention are similar to the first demodulation signal generation circuit 

201 and the second demodulation signal generation circuit 202 included in the 

15 semiconductor device 100 which are described in Embodiment Mode 1. Therefore, the 

detailed descriptions are omitted in this embodiment mode. 

[0155] 

Signals ·demodulated in the first demodulation signal generation circuit .1806 

and the second demodulation signal generation circuit 1807 are inputted into the control 

20 circuit 1809, individual identification information or the like stored in the memory 

circuit 1810 by the control circuit 1809 is extracted, and the extracted information is 

encoded in the control circuit 1809 and inputted into the modulation circuit 1808. The 

modulation circuit 1808 performs modulation in accordance with the inputted signals, 

and transmits information from the antenna circuit 1802 to the reader/writer 1811. The 

25 information received in the reader/writer 1811 is transmitted to the control device 1813 
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The power supply circuit 1805 in FIG. 14 supplies power to each circuit 

included in the semiconductor device 1800. In addition, the battery 1804 is charged by 

5 an external wireless signal which is inputted from the antenna circuit 1802 through the 

rectifier circuit provided in the antenna circuit 1802, and each circuit can be supplied 

with power with which the battery 1804 is charged through the charging/discharging 

circuit 1803. By using the power with which the battery 1804 is charged, the power 

supply circuit 1805 can be supplied with power even when sufficient power cannot be 

10 obtained from the antenna circuit 1802 of the semiconductor device 1800 in the case 

where a communication distance is extended. Therefore, the semiconductor device 

1800 can be operated. Accordingly, a semiconductor device of the present invention 

can be operated stably with certainty. 

15 

[0157] 

In addition, the antenna circuit 1802 may have a plurality of antennas. The 

antenna which is used to transmit and receive data to and from the reader/writer can be 

separately provided from an antenna which supplies power when the antenna circuit 

1802 has a pluraiity of antennas. Further, a radio wave or the like which is transmitted 

from other than the reader/writer 1811 (other readers/writers) can be received when the 

20 antenna circuit 1802 has a plurality of antennas of which frequency bands to receive are 

each different from one another. Therefore, the radio wave can be efficiently utilized 

for power supply. 

[0158] 

Note that a battery in this specification refers to a battery which can recover a 

25 continuous using time by charging. Note that a sheet-like battery is preferably used as 
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the battery. For example, the battery can be made smaller with the use of a lithium 

battery, preferably a lithium polymer battery using a gel-like electrolyte, a lithium ion 

battery, or the like. Naturally, any battery can be used as the battery as long as it is a 

chargeable battery, and a battery which can be charged and discharged such as a nickel 

5 metal hydride battery or a nickel cadmium battery may be used, or a capacitor having 

high capacity or the like may be used. 

[0159] 

As described above, a modulation signal of which modulation factor is small is 

demodulated stably with the use of a semiconductor device of the present invention and 

10 thus information can be received. Specifically, the modulation signal can be 

demodulated by detection of a difference between an output of a first bias circuit and an 

output of a second bias circuit and data thereof can be extracted. 

[0160] 

Noise that exists in each of the outputs of the first bias circuit and the second 

15 bias circuit has the same phase. A demodulation method of the present invention is 

performed by comparison of the outputs of the first bias circuit and the second bias 

circuit. Therefore, the noise of each of the outputs is canceled because the noise has 

the same phase. From the above reasons, a semiconductor device of the present 

invention reduces influence of noise, which results from a carrier wave, so that the 

20 signal can be demodulated. 

[0161] 

Further, a wireless signal of which modulation factor is 10% can also be 

detected with the use of the present invention. Therefore, without passing through a 

period where power is not supplied, a signal based on a communication method which 

25 is standardized with ISO/IEC 15693 can be transmitted and received. Since supply of 
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power from a power supply is not impeded while a carrier wave of which modulation 

factor is 10% is received in the semiconductor device of the present invention, the 

semiconductor device can operate stably. 

[0162] 

The semiconductor device of this embodiment mode includes a battery; 

therefore, shortage of power for transmitting and receiving individual information, due 

to deterioration of a battery over time, can be compensated. In particular, a 

semiconductor device of the present invention uses a comparator; therefore, provision of 

a battery is extremely effective as described in this embodiment mode because the 

10 comparator consumes high power. 

[0163] 

The semiconductor device of this embodiment mode may include a plurality of 

antennas for wirelessly receiving power for the battery. Therefore, the battery for 

supplying power for driving the semiconductor device can be charged by an external 

15 electromagnetic wave, without directly connecting the semiconductor device to a 

charger. As a result, unlike a conventional active-type RFID tag, it is not necessary to 

check remaining capacity of a battery or change batteries, so that the semiconductor 

device can be continued to be used for long periods of time and over the long term. In 

addition, power for driving the semiconductor device is constantly stored in a battery, so 

20 that sufficient power for driving the semiconductor device can be obtained and a 

communication distance between a reader/writer and the semiconductor device can be 

increased. 

[0164] 

Note that a battery is described as an example of a power storage portion in this 

25 embodiment mode; however, the semiconductor device can be formed using a capacitor 
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instead of the battery. Although various capacitors can be used, a small and 

high-capacity double-layer electrolytic capacitor or a small and high-capacity 

stacked-layer ceramic capacitor is preferably used. Alternatively, both a battery and a 

capacitor may be provided as the power storage portion. 

5 [0165] 

10 

Note that this embodiment mode can be implemented in combination with 

other embodiment modes in this specification. 

(Embodiment Mode 4) 

[0166] 

This embodiment mode will describe an example of a manufacturing method of 

the semiconductor device described in Embodiment Mode 1 with reference to the 

drawings. This embodiment mode will describe a structure of the semiconductor 

device in which an antenna, a battery, and a signal processing circuit are formed over 

the same substrate with the use of a thin film transistor. Note that miniaturization can 

15 be achieved by formation of an antenna, a battery, and a signal processing circuit over 

one substrate. Further, this embodiment mode will describe an example in which a 

thin film secondary battery is used as the battery. 

[0167] 

First, a separation layer 3403 is formed over one surface of a substrate 3401 

20 with an insulating film 3402 interposed therebetween, and then an insulating film 3404 

which functions as a base film and an amorphous semiconductor film 3405 (for example, 

a film containing amorphous silicon) are stacked thereover (see FIG. 15A). Note that 

the insulating film 3402, the separation layer 3403, the insulating film 3404, and the 

semiconductor film 3405 can be formed consecutively. Note that the separation layer 

25 3403 is not necessarily formed when separation is not necessary. 
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[0168] 

The substrate 3401 is selected from a glass substrate, a quartz substrate, a metal 

substrate (for example, a stainless steel substrate), a ceramic substrate, a semiconductor 

substrate such as a silicon substrate, or the like. Alternatively, a substrate such as 

5 polyethylene terephthalate (PET), polyethylene naphthalate (PEN), polyether sulfone 

(PBS), or acrylic, which is a plastic substrate, may be used. Note that the separation 

layer 3403 is provided over the entire surface of the substrate 3401 with the insulating 

film 3402 interposed therebetween in the step shown in FIG. 15A; however, a pattern 

may be formed by a photolithography method after the separation layer is provided over 

10 the entire surface of the substrate 3401. 

[0169] 

The insulating films 3402 and 3404 are formed using an insulating material 

such as silicon oxide, silicon nitride, silicon oxynitride (SiOxNy, where x > y > 0), or 

silicon nitride oxide (SiNxOy, where x > y > 0) by a CVD method, a sputtering method, 

15 or the like. For example, when each of the insulating films 3402 and 3404 is formed to 

have a two-layer structure, a silicon nitride oxide film may be formed as a first 

insulating film and a silicon oxynitride film may be formed as a second insulating film. 

Alternatively, a silicon nitride film may be formed as a first insulating film and a silicon 

oxide film may be formed as a second insulating film. The insulating film 3402 

20 functions as a blocking layer which prevents an impurity element contained in the 

substrate 3401 from being mixed into the peeling layer 3403 or elements formed 

thereover. The insulating film 3404 functions as a blocking layer which prevents an 

impurity element contained in the substrate 3401 and the separation layer 3403 from 

being mixed into elements formed over the insulating film 3404. In this manner, 

25 providing the insulating films 3402 and 3404 which function as the blocking layers can 
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prevent adverse effects on the elements formed over the separation layer 3403 or the 

insulating film 3404, which would otherwise be caused by an alkali metal such as 

sodium or an alkaline earth metal contained in the substrate 3401 or by the impurity 

element contained in the separation layer 3403. Note that the insulating films 3402 

5 and 3404 may be omitted in such a case where quartz is used as the substrate 3401. 

This is because an alkaline metal and an alkaline earth metal are not contained in a 

quartz substrate. 

[0170] 

The separation layer 3403 may be formed using a metal film, a stacked 

10 structure of a metal film and a metal oxide film, or the like. As a metal film, a single 

layer or stacked layers are formed using an element of tungsten, molybdenum, titanium, 

tantalum, niobium, nickel, cobalt, zirconium, zinc, ruthenium, rhodium, palladium, 

osmium, or iridium, or an alloy material or a compound material containing such an 

element as its main component. Further, such materials can be formed by a sputtering 

15 method, various CVD methods such as a plasma CVD method, or the like. A stacked 

structure or a metal film and a metal oxide film can be obtained by the steps of forming 

the above-described metal film, performing plasma treatment thereto under an oxygen 

atmosphere or an NzO atmosphere ·or performing heat treatment thereto under an 

oxygen atmosphere or an N20 atmosphere, and thereby forming oxide or oxynitride of 

20 the metal film on the metal film. For example, when a tungsten film is provided as a 

metal film by a sputtering method, a CVD method, or the like, a metal oxide film 

formed of tungsten oxide can be formed on the surface of the tungsten film by 

subjecting the tungsten film to plasma treatment. Besides, for example, after a metal 

film (for example, a tungsten film) is formed, an insulating film formed of silicon oxide 

25 (Si02) or the like may be formed over the metal film by a sputtering method, and also 
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metal oxide (for example, a tungsten, tungsten oxide film over a tungsten film) may be 

formed over the metal film. Further, for example, high-density-plasma treatment may 

be performed as plasma treatment. Besides the metal oxide film, metal nitride or metal 

oxynitride may be formed. In this case, the metal film may be subjected to plasma 

5 treatment or heat treatment under a nitrogen atmosphere or an atmosphere containing a 

mixture of nitrogen and oxygen. 

[0171] 

The amorphous semiconductor film 3405 is formed with a thickness greater 

than or equal to 10 nm and less than or equal to 200 nm (preferably greater than or equal 

10 to 30 nm and less than or equal to 150 nm) by a sputtering method, an LPCVD method, 

a plasma CVD method, or the like. 

[0172] 

Next, the amorphous semiconductor film 3405 is crystallized by laser light 

irradiation. Note that the crystallization of the amorphous semiconductor film 3405 

15 may be performed by a method combining any of laser light irradiation, a thermal 

crystallization method using a rapid thermal annealing (RTA) or an annealing furnace, 

or a thermal crystallization method using a metal element that promotes the 

crystallization. After that, the obtained crystalline semiconductor film is etched into 

desired shapes, whereby crystalline semiconductor films 3405a to 3405f are formed. 

20 Then, a gate insulating film 3406 is formed so as to cover the crystalline semiconductor 

films 3405a to 3405f (see FIG. 15B). Note that it is preferable to etch each end portion 

of the crystalline semiconductor films to have a tapered shape. This is because the 

gate insulating film can be formed favorably by having a tapered shape. 

[0173] 

25 The gate insulating film 3406 is formed using an insulating material such as 
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silicon oxide, silicon nitride, silicon oxynitride (SiOxNy, where x > y > 0), or silicon 

nitride oxide (SiNxOy, where x > y > 0) by a CVD method, a sputtering method, or the 

like. For example, when the gate insulating film 3406 is formed to have a two-layer 

structure, a silicon oxynitride film may be formed as a first insulating film and a silicon 

5 nitride oxide film may be formed as a second insulating film. Alternatively, a silicon 

oxide film may be formed as a first insulating film and a silicon nitride film may be 

formed as a second insulating film. 

[0174] 

An example of a manufacturing process of the crystalline semiconductor films 

10 3405a to 3405f is briefly described below. First, an amorphous semiconductor film 

having a thickness of 50 to 60 nm is formed by a plasma CVD method. Then, a 

solution containing nickel which is a metal element for promoting crystallization is 

retained on the amorphous semiconductor film, which is followed by dehydrogenation 

treatment (at 500°C for one hour) and thermal crystallization treatment (550°C for four 

15 hours). Thus, a crystalline semiconductor film is formed. Then, the crystalline 

semiconductor film is irradiated with laser light by a photolithography method and 

etched, so that the crystalline semiconductor films 3405a to 3405f are formed. Note 

that crystallization of the amorphous· semiconductor film may be performed only by 

laser light irradiation without performing thermal crystallization which uses a metal 

20 element that promotes crystallization. 

[0175] 

As a laser oscillator used for crystallization, a continuous wave laser (a CW 

laser) or a pulsed laser can be used. As a laser that can be used here, a laser beam 

emitted from one or plurality of the following can be used: gas lasers such as an Ar laser, 

25 a Kr laser, and an excimer laser; a laser in which single-crystalline YAG, YV04, 
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forsterite (Mg2Si04), YAl03, or GdV04 or polycrystalline (ceramic) YAG, Y203, YV04, 

YA103, or GdV04 is doped with one or more laser media of Nd, Yb, Cr, Ti, Ho, Er, Tm, 

and Ta as dopant; a glass laser; a ruby laser; an alexandrite laser; a Ti:sapphire laser; a 

copper vapor laser; and a metal vapor laser. When irradiation is performed with the 

5 fundamental wave of such a laser beam or the second to fourth harmonics of the 

fundamental wave, crystals with a large grain size can be obtained. For example, the 

second harmonic (532 nm) or the third harmonic (355 nm) of an Nd:YV04 laser (the 

fundamental wave of 1064 nm) can be used. In this case, a laser power density of 

approximately 0.01 to 100 MW/cm2 (preferably greater than or equal to 0.1 MW/cm2 

10 and less than or equal to 10 MW/cm2
) is necessary, and irradiation is performed with a 

scanning speed of about 10 to 2000 cm/sec. Note that the laser in which 

single-crystalline YAG, forsterite (Mg2Si04), YA103, or GdV04 or polycrystalline 

(ceramic) YAG, Y20 3, YV04, YA103, or GdV04 is doped with one or more laser media 

of Nd, Yb, Cr, Ti, Ho, Er, Tm, and Ta as dopant; an Ar ion laser, or a Ti:sapphire laser 

15 can be used as a CW laser, whereas they can also be used as pulsed laser with a 

repetition rate greater than or equal to 10 MHz by being combined with a Q-switch 

operation, mode locking, or the like. When a laser beam with a repetition rate greater 

than or equal to 10 MHz is used, it is possible for a semiconductor film to be irradiated 

with the next pulse after during the period in which the semiconductor film is melted by 

20 the previous laser and solidified. Therefore, unlike the case of using a pulsed laser 

with a low repetition rate, a solid-liquid interface in the semiconductor film can be 

continuously moved. Thus, crystal grains which have grown continuously in the 

scanning direction can be obtained. 

[0176] 

25 The gate insulating film 3406 may be formed by oxidization or nitridation of 
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the surfaces of the crystalline semiconductor films 3405a to 3405f by the above 

high-density-plasma treatment. For example, plasma treatment with a mixed gas of a 

rare gas such as He, Ar, Kr, or Xe, and oxygen, nitrogen oxide, ammonia, nitrogen, 

hydrogen, or the like is used. When plasma is excited by the introduction of 

5 microwaves, plasma with a low electron temperature and high electron density can be 

generated. With oxygen radicals (there is a case where OH radicals are included) or 

nitrogen radicals (there is a case where NH radicals are included) which are generated 

by the high-density plasma, the surfaces of the semiconductor films can be oxidized or 

nitrided. 

10 [0177] 

By such high-density-plasma treatment, an insulating film with a thickness 

greater than or equal to 1 nm and less than or equal to 20 nm, typically greater than or 

equal to 5 nm and less than or equal to 10 nm, is formed over the semiconductor films. 

Since the reaction in this case is a solid-phase reaction, interface state density between 

15 the insulating film and the semiconductor films can be extremely lowered. Since such 

high-density-plasma treatment directly oxidizes (or nitrides) the semiconductor films 

(crystalline silicon or polycrystalline silicon), the insulating film can be formed to have 

a thickness with extremely little unevenness, which is ideal. In addition, since crystal 

grain boundaries of crystalline silicon are not strongly oxidized, an extremely preferable 

20 state is obtained. That is, by the solid-phase oxidation of the surfaces of the 

semiconductor films by high-density-plasma treatment which is described here, an 

insulating film with a uniform thickness and low interface state density can be formed 

without excessive oxidation reaction at the crystal grain boundaries. 

[0178] 

25 As the gate insulating film 3406, only an insulating film formed by 
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high-density-plasma treatment may be used, or a stacked layer which is obtained by 

deposition of an insulating film such as silicon oxide, silicon oxynitride, or silicon 

nitride on the insulating film by a CVD method using plasma or thermal reaction may 

be formed. In either case, a transistor which includes an insulating film formed by 

5 high-density-plasma treatment in part or the whole of the gate insulating film can reduce 

variation of characteristics. 

[0179] 

Further, the crystaUine semiconductor films 3405a to 3405f, which are obtained 

by scanning of the semiconductor film in one direction to crystallize the semiconductor 

10 film while irradiating a semiconductor film with a continuous wave laser beam or a 

laser beam oscillated with a repetition rate of 10 MHz or more, can grow their crystals 

in the laser beam scanning direction. A transistor is arranged so that its channel length 

direction (direction in which carriers move when a channel formation region is formed) 

is aligned with the scanning direction, and the above gate insulating film is combined 

15 with the crystalline semiconductor film, so that a thin film transistor with high electron 

field-effect mobility and few variations in characteristics can be obtained. 

[0180] 

Next, a first conductive film and a second conductive film are stacked over the 

gate insulating film 3406. Here, the first conductive film is formed with a thickness 

20 greater than or equal to 20 nm and less than or equal to 100 nm by a CVD method, a 

sputtering method, or the like. The second conductive film is formed with a thickness 

greater than or equal to 100 nm and less than or equal to 400 nm. The first conductive 

film and the second conductive film are formed with an element of tantalum, tungsten, 

titanium, molybdenum, aluminum, copper, chromium, niobium, or the like, or an alloy 

25 material or a compound material containing such an element as its main component. 
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Alternatively, the first conductive film and the second conductive film may be formed 

of a semiconductor material such as polycrystalline silicon imparting conductivity by 

being doped with an impurity element such as phosphorus. As a combination example 

of the first conductive film and the second conductive film, a tantalum nitride film and a 

5 tungsten film; a tungsten nitride film and a tungsten film; a molybdenum nitride film 

and a molybdenum film; and the like can be given. Tungsten and tantalum nitride 

have high heat resistance. Therefore, after the first conductive film and the second 

conductive film are formed, thermal treatment can be applied thereto for the purpose of 

heat activation. In addition, in the case where a three-layer structure is employed 

10 instead of a two-layer structure, it is preferable to employ a stacked structure in which 

an aluminum film is interposed between molybdenum films. 

[0181] 

Next, a resist mask is formed by a photolithography method, and etching 

treatment for forming gate electrodes and gate lines is performed. Thus, gate 

15 electrodes 3407 are formed over the crystalline semiconductor films 3405a to 3405f. 

Here, a stacked structure of a first conductive film 3407a and a second conductive film 

3407b is shown as an example of the gate electrodes 3407. 

[0182] 

Next, the crystalline semiconductor films 3405a, 3405b, 3405d, and 3405f are 

20 doped with an impurity element imparting n-type conductivity at a low concentration, 

using the gate electrodes 3407 as masks by an ion doping method or an ion implantation 

method. Then, a resist mask is selectively formed by a photolithography method, and 

the crystalline semiconductor films 3405c and 3405e are doped with an impurity 

element imparting p-type conductivity at high concentration. As an impurity element 

25 imparting n-type conductivity, phosphorus, arsenic, or the like can be used. As an 
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impurity element imparting p-type conductivity, boron, aluminum, gallium, or the like 

can be used. Here, phosphorus is used as an impurity element imparting n-type 

conductivity and is selectively introduced into the crystalline semiconductor films 

3405a, 3405b, 3405d, and 3405f so that phosphorus is contained at concentrations of 1 

5 x 1015 to 1 x 1019/cm3
• Thus, impurity regions 3408 having n-type conductivity are 

formed. In addition, boron is used as an impurity element imparting p-type 

conductivity, and is selectively introduced into the crystalline semiconductor films 
.. 

3405c and 3405e so as to be contained at concentrations of 1 x 1019 to 1 x 1020/cmj. 

Thus, impurity regions 3409 imparting p-type conductivity are formed (see FIG. 15C). 

10 [0183] 

Subsequently, an insulating film is formed so as to cover the gate insulating 

film 3406 and the gate electrodes 3407. The insulating film is formed to have a single 

layer or stacked layers of a film containing an inorganic material such as silicon, an 

oxide of silicon, or a nitride of silicon, or a film containing an organic material such as 

15 an organic resin or the like by a plasma CVD method, a sputtering method, or the like. 

Next, the insulating film is selectively etched by anisotropic etching (mainly in the 

perpendicular direction), so that insulating films 3410 (also referred to as sidewalls) 

which are in contact with the side surfaces of the gate electrodes 3407 are formed. The 

insulating films 3410 are used as doping masks for forming lightly doped drain (LDD) 

20 regions. 

[0184] 

Next, the crystalline semiconductor films 3405a, 3405b, 3405d, and·3405f are 

doped with an impurity element imparting n-type conductivity at high concentration, 

using the resist mask formed by a photolithography method, the gate electrodes 3407, 

25 and the insulating films 3410 as masks. Thus, impurity regions 3411 having n-type 
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conductivity are formed. Here, phosphorus is used as an impurity element imparting 

n-type conductivity, and is selectively introduced into the crystalline semiconductor 

films 3405a, 3405b, 3405d, and 3405f so as to be contained at concentrations of 1 x 

1019 to 1 x 1020/cm3
• Thus, the n-type impurity regions 3411 having a higher 

5 concentration than that of the impurity regions 3408 are formed. 

[0185] 

Through the above steps, n-channel thin film transistors 3400a, 3400b, 3400d, 

and 3400f, and p-channel ·thin film transistors 3400c and 3400e are formed (see FIG. 

15D). 

10 [0186] 

In the n-channel thin film transistor 3400a, a channel formation region is 

formed in a region of the crystalline semiconductor film 3405a which overlaps with the 

gate electrode 3407; the impurity region 3411 which forms a source region or a drain 

region is formed in a region of the crystalline semiconductor film 3405a which does not 

15 overlap with the gate electrode 3407 and the insulating film 3410; and a low 

concentration impurity region (LDD region) is formed in a region which overlaps with 

the insulating film 3410 and between the channel formation region and the impurity 

region 3411. In addition, channel 'formation regions, low concentration impurity 

regions, and the impurity regions 3411 are formed in then-channel thin film transistors 

20 3400b, 3400d, and 3400f. 

[0187] 

In the p-channel thin film transistor 3400c, a channel formation region is 

formed in a region which overlaps with the gate electrode 3407; and the impurity region 

3409 which forms a source region or a drain region is formed in a region of the 

25 crystalline semiconductor film 3405c which does not overlap with the gate electrode 
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3407. Similarly, a channel formation region and the impurity region 3409 are formed 

in the p-channel thin film transistor 3400e. Here, although an LDD region is not 

formed in the p-channel thin film transistors 3400c and 3400e, an LDD region may be 

provided in the p-channel thin film transistors, or a structure without an LDD region 

5 may be applied to the n-channel thin film transistors. 

[0188] 

Next, a single layer or stacked layers of an insulating film are formed so as to 

cover the crystalline semiconductor films 3405a to 3405f, the gate electrodes 3407, and 

the like. Then, conductive films 3413 electrically connected to the impurity regions 

10 3409 and the impurity regions 3411 which each form the source region or the drain 

region of the thin film transistors 3400a to 3400f are formed over the insulating film 

(see FIG. 16A). The insulating film is formed in a single layer or in stacked layers, 

using an inorganic material such as an oxide of silicon or a nitride of silicon; an organic 

material such as polyimide, polyamide, benzocyclobutene, acrylic, or epoxy; a siloxane 

15 material, or the like by a CVD method, a sputtering method, an SOG method, a droplet 

discharging method, a screen printing method, or the like. Here, the insulating film is 

formed to have two layers such that a silicon nitride oxide film is formed as a first 

insulating film 3412a and a silicon oxynitride film is formed as a second insulating film 

3412b. Further, the conductive films 3413 each can form a source electrode or a drain 

20 electrode each of the thin film transistors 3400a to 3400f. 

[0189] 

Note that heat treatment may be applied for the purpose of recovery of the 

crystallinity of the semiconductor films, activation of the impurity element which has 

been added into the semiconductor films, or hydrogenation of the semiconductor films 

25 before the insulating films 3412a and 3412b are formed or after one or both of them are 
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formed. As the heat treatment, a thermal annealing method, a laser annealing method, 

an RTA method, or the like may be applied. 

[0190] 

The conductive films 3413 are formed in a single layer or stacked layers of an 

5 element of aluminum, tungsten, titanium, tantalum, molybdenum, nickel, platinum, 

copper, gold, silver, manganese, neodymium, carbon, or silicon, or an alloy material or a 

compound material containing such an element as its main component by a CVD 

method, a sputtering method, or the like. An alloy material containing aluminum as its 

main component corresponds to, for example, a material which contains aluminum as 

10 its main component and also contains nickel, or an alloy material which contains 

aluminum as its main component and also contains nickel and one or both carbon and 

silicon. The conductive films 3413 may be formed to have a stacked structure of a 

barrier film, an aluminum-silicon film, and a barrier film or a stacked structure of a 

barrier film, an aluminum silicon film, a titanium nitride film, and a barrier film. Note 

15 that the barrier film is a thin film formed of titanium, a nitride of titanium, molybdenum, 

or a nitride of molybdenum. Aluminum and aluminum silicon are optimum materials 

of the conductive films 3413 because they have low resistance and are inexpensive. 

When barrier layers are provided as the top layer and the bottom layer of the conductive 

film 3413, generation of hillocks of aluminum and aluminum silicon can be prevented. 

20 When a barrier film of titanium which is an element having a high reducing property is 

formed, even when there is a thin natural oxide film formed on the crystalline 

semiconductor film, the natural oxide film can be reduced and thus the natural oxide 

film is removed, and a favorable contact between the conductive films 3413 and the 

crystalline semiconductor film can be obtained. 
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[0191] 

Next, an insulating film 3414 is formed so as to cover the conductive films 

3413, and conductive films 3415a and 3415b each electrically connected to the 

conductive film 3413 which forms the source electrode or the drain electrode of th~ thin 

5 film transistors 3400a or 3400f are formed. In addition, a conductive film 3416 

electrically connected to the conductive film 3413 which fotms the source electrode or 

drain electrode of the thin film transistor 3400b or the like is formed. Note that the 

conductive films 3415a and 3415b and the conductive film 3416 may be formed using 

the same material in the same steps. The conductive films 3415a and 3415b and the 

10 conductive film 3416 may be formed using any of the above material which has been 

described for the conductive films 3413. 

[0192] 

Subsequently, a conductve film 3417 which functions as an antenna is formed 

so as to be electrically connected to the conductive film 3416 (see FIG. 16B). 

15 [0193] 

The insulating film 3414 can be formed in a single layer or stacked layers of an 

insulating film containing oxygen or nitrogen such as silicon oxide (SiOx), silicon 

nitride (SiNx), silicon oxynitride (SiOxNy where x > y > 0), or silicon nitride oxide 

(SiNxOy where x > y > O); a film containing carbon such as DLC (Diamond-Like 

20 Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide, 

polyvinyl phenol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane 

resin by a CVD method, a sputtering method, or the like. Note that a siloxane material 

corresponds to a material having a bond of Si-0-Si. Siloxane has a skeleton structure 

with the bond of silicon and oxygen. As a substituent, an organic group containing at 

25 least hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used. 
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Alternatively, a fluoro group can be used as the substituent. Further alternatively, both 

a fluoro group and an organic group containing at least hydrogen may be used as the 

substituent. 

[0194] 

The conductive film 3417 can be formed of a conductive material by a CVD 

method, a sputtering method, a printing method such as screen printing or gravure 

printing, a droplet discharging method, a dispensing method, a plating method, or the 

like. The conductive film 3417 is formed in a single layer or stacked layers of an 

element of aluminum, titanium, silver, copper, gold, platinum, nickel, palladium, 

10 tantalum, or molybdenum, or an alloy material or a compound material containing such 

an element as its main component. 

[0195] 

For example, when the conductive film 3417 which functions as an antenna is 

formed by a screen printing method, the conductive film 3417 can be provided by 

15 selective printing of a conductive paste in which conductive particles with a grain 

diameter of several nm to several tens of µm are dissolved or dispersed in an organic 

resin. As the conductive particles, at least one of metal particles of silver, gold, copper, 

nickel, platinum, palladium, tantalum, molybdenum, and titanium; fine particles of 

silver halide; or dispersive nanoparticles can be used. Further, the organic resin 

20 included in the conductive paste can be one or a plurality of more of organic resins 

which function as a binder, a solvent, a dispersing agent, and a coating material for the 

metal particles. Typically, an organic resin such as an epoxy resin and a silicone resin 

can be given as examples. In addition, baking is preferably performed after the 

conductive paste is applied. For example, in the case of using fine particles (for 

25 example, a grain diameter greater than or equal to 1 nm and less than or equal to 100 
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nm) containing silver as its main component as a material of the conductive paste, the 

conductive paste is baked and hardened at temperatures approximately 150 to 300°C, so 

that the conductive film can be obtained. Alternatively, it is also possible to use fine 

particles containing solder or lead-free solder as its main component. In this case, fine 

5 particles with a grain diameter less than or equal to 20 µmare preferably used. Solder 

and lead-free solder have the advantage of low cost. 

[0196] 

The conductive films 3415a and 3415b can function as wirings which are 

electrically connected to a secondary battery included in a semiconductor device of the 

10 present invention in a later step. In addition, in forming the conductive film 3417 

which functions as an antenna, another conductive film may be separately formed so as 

to be electrically connected to the conductive films 3415a and 3415b, so that the 

conductive film can be utilized as the wiring connected to the secondary battery. 

[0197] 

15 Next, an insulating film 3418 is formed so as to cover the conductive film 3417, 

and layers including the thin film transistors 3400a to 3400f, the conductive film 3417, 

and the like (hereinafter referred to as an "element formation layer 3419") are separated 

from the substrate 3401. Here, after openings are formed in the element formation 

layer 3419 excluding the region of the thin film transistors 3400a to 3400f by laser light 

20 irradiation (for example, UV light), the element formation layer 3419 can be separated 

from the substrate 3401 with physical force. The separation layer 3403 may be 

selectively removed by introduction of etchant into the openings before the element 

formation layer 3419 is separated from the substrate 3401. As the etchant, a gas or a 

liquid containing halogen fluoride or an interhalogen compound is used. For example, 

25 chlorine trifluoride is used as the gas containing halogen fluoride. Thus, the element 
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formation layer 3419 can be separated from the substrate 3401. Note that the whole 

separation layer 3403 is not removed but part thereof may be left. Accordingly, the 

consumption of the etchant can be suppressed and process time for removing the 

separation layer can be shortened. Therefore, the throughput is improved and the cost 

5 is reduced. Further, even after the separation layer 3403 is removed, the element 

formation layer 3419 can be held over the substrate 3401. · Furthermore, by reuse of 

the substrate 3401 from which the element formation layer 3419 has been separated, 

cost can be reduced. 

10 

[0198] 

The insulating film 3418 can be formed in a single layer or stacked layers of an 

insulating film containing oxygen or nitrogen such as silicon oxide (SiOx), silicon 

nitride (SiNx), silicon oxynitride (SiOxNy where x > y > 0), or silicon nitride oxide 

(SiNxOy where x > y > O); a film containing carbon such as DLC (Diamond-Like 

Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide, 

15 polyvinyl phenol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane 

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

[0199] 

In this embodiment mode, after the openings in the element formation layer 

3419 is formed by laser light irradiation, a first sheet material 3420 is attached to one 

20 surface of the element formation layer 3419 (the surface where the insulating film 3418 

is exposed), and then the element formation layer 3419 is separated from the substrate 

3401 (see FIG. 17A). 

[0200] 

Next, a second sheet material 3421 is attached to the other surface of the 

25 element formation layer 3419 (the surface exposed by separation), followed by one or 
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both heat treatment and pressurization treatment (see FIG. 17B). As the first sheet 

material 3420 and the second sheet material 3421, hot-melt films and the like can be 

used. 

[0201] 

As the first sheet material 3420 and the second sheet material 3421, a film on 

which antistatic treatment for preventing static electricity ot the like has been applied 

(hereinafter referred to as an antistatic film) can be used. As examples of the antistatic 

film, a film in which an antistatic material is dispersed in a resin, a film to which an 

antistatic material is attached, and the like can be given. The film provided with an 

10 antistatic material can be a film with an antistatic material provided over one of its 

surfaces, or a film with an antistatic material provided over each of its surfaces. 

Further, the film with an antistatic material provided over one of its surfaces may be 

attached so that the antistatic material is placed on the inner side of the film or the outer 

side of the film. The antistatic material may be provided over the entire surface of the 

15 film, or over part of the film. As an antistatic material, a metal or indium tin oxide 

(ITO) which is a conductive material, or a surfactant such as an amphoteric surfactant, a 

cationic surfactant, or a nonionic surfactant can be used. In addition, as another 

antistatic material, a resin material which contains a cross-linked copolymer having a 

carboxyl group and a quaternary ammonium base on its side chain, or the like can be 

20 used. Such a material is attached, mixed, or applied to a film, so that an antistatic film 

can be formed. By sealing of the element formation layer 3419 with the antistatic film, 

the semiconductor element can be prevented from adverse effects such as external static 

electricity when being dealt with as a commercial product. 

[0202] 

25 Note that a storage capacitor of a power supply circuit is connected to the 
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conductive films 3415a and 3415b of the thin film secondary battery. Connection 

between the secondary battery and the conductive films 3415a and 3415b may be 

performed before the element formation layer 3419 is separated from the substrate 3401 

(at the stage illustrated in FIG. 16B or 16C), after the element formation layer 3419 is 

5 separated from the substrate 3401 (at the stage illustrated in FIG. 17A), or after the 

element formation layer 3419 is sealed with the first sheet material and the second sheet 

material (at the stage shown in FIG. 17B). An example where the element formation 

layer 3419 and the secondary battery are formed to be connected is explained below 

with reference to FIGS. 18Aand 18B and FIGS. 19Aand 19B. 

10 [0203] 

In FIG. 16B, conductive films 3431a and 3431b which are electrically 

connected to the conductive films 3415a and 3415b, respectively are formed at the same 

time as the conductive film 3417 which functions as an antenna. Then, the insulating 

film 1918 is formed so as to cover the conductive film 3417, 343la, and 3431b, 

15 followed by formation of openings 3432a and 3432b so that the surfaces of the 

conductive films 3431a and 3431b are exposed. After that, openings are formed in the 

element formation layer 3419 by laser light irradiation, and the first sheet material 3420 

is attached to one surface of the element formation layer 3419 (the surface where the 

insulating film 3418 is exposed), so that the element formation layer 3419 is separated 

20 from the substrate 3401 (see FIG. 18A). 

[0204J 

Next, the second sheet material 3421 is attached to the other surface of the 

element formation layer 3419 (the surface exposed by separation), and the element 

formation layer 3419 is separated from the first sheet material 3420. Therefore, a 

25 material with low viscosity is used as the first sheet material 3420. Then, conductive 
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films 3434a and 3434b which are electrically connected to the conductive films 3431a 

and 3431b, respectively, through the openings 3432a and 3432b are selectively formed 

(see FIG. 18B). 

[0205] 

The conductive films 3434a and 3434b are formed with a conductive material 

by a CVD method, a sputtering method, a printing method such as screen printing or 

gravure printing, a droplet discharging method, a dispenser method, a plating method, or 

the like. The conductive films 3434a and 3434b are formed in a single layer or stacked 

layers of an element of aluminum, titanium, silver, copper, gold, platinum, nickel, 

10 palladium, tantalum, or molybdenum, or an alloy material or a compound material 

containing such an element as its main component. 

[0206] 

Note that the example shown here is the case where the conductive films 3434a 

and 3434b are formed after the element formation layer 3419 is separated from the 

15 substrate 3401. However, the element formation layer 3419 may be separated from the 

substrate 3401 after the conductive films 3434a and 3434b are formed. 

[0207] 

Next, in the case where a plurality of elements is formed over the substrate, the 

element formation layer 3419 is cut into individual elements (see FIG. 19A). A laser 

20 irradiation apparatus, a dicing apparatus, a scribing apparatus, or the like can be used for 

cutting. Here, the plurality of elements formed over one substrate is separated from 

one another by laser light irradiation. 

[0208] 

Next, the separated elements are electrically connected to the secondary battery 

25 (see FIG. 19B). In this embodiment mode, a thin-film secondary battery is used as the 
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storage capacitor of the power supply circuit, in which a current-collecting thin film, a 

negative electrode active material layer, a solid electrolyte layer, a positive electrode 

active material layer, and a current-collecting thin film are sequentially stacked. 

[0209] 

Conductive films 3436a and 3436b are formed of a conductive material by a 

CVD method, a sputtering method, a printing method such as screen printing or gravure 

printing, a droplet discharging method, a dispenser method, a plating method, or the like. 

The conductive films 3436a and 3436b are formed in a single layer or stacked layers of 

an element of aluminum, titanium, silver, copper, gold, platinum, nickel, palladium, 

10 tantalum, or molybdenum, or an alloy material or a compound material containing such 

an element as its main component. The conductive material should have high 

adhesion to a negative electrode active material layer and also low resistance. In 

15 

particular, aluminum, copper, nickel, vanadium, or the like is preferably used. 

[0210] 

The structure of the thin-film secondary battery is described in further detail. 

A negative electrode active material layer 3481 is formed over the conductive film 

3436a. In general, vanadium oxide (V20 5) or the like is used. Next, a solid 

electrolyte layer 3482 is formed over the negative electrode active material layer 3481. 

In general, lithium phosphate (LhP04) or the like is used. Next, a positive electrode 

20 active material layer 3483 is formed over the solid electrolyte layer 3482. In general, 

lithium manganese oxide (LiMn204) or the like is used. Lithium cobalt oxide 

(LiCo02) or lithium nickel oxide (LiNi02) may also be used. Next, a 

current-collecting thin film 3484 to serve as an electrode is formed over the positive 

electrode active material layer 3483. The current-collecting thin film 3484 should 

25 have high adhesion to the positive electrode active material layer 3483 and also low 
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resistance. For example, aluminum, copper, nickel, vanadium, or the like can be used. 

[0211] 

Each of the above thin layers of the negative electrode active material layer 

3481, the solid electrolyte layer 3482, the positive electrode active material layer 3483, 

5 and the current-collecting thin film 3484 may be formed by sputtering or evaporation. 

In addition, the thickness of each layer is preferably 0.1 to 3 µm. 

[0212] 

Next, a contact hole is formed by formation of a resin film by a spin-coating 

method or the like and etching an interlayer film 3485. The interlayer film 3485 is not 

10 limited to a resin film, and other films such as an oxide film formed by a CVD method 

may be used as well; however, a resin film is preferably used in terms of flatness. 

Further, the contact hole can be formed without etching with the use of a photosensitive 

resin. Next, a wiring layer 3486 is formed over the interlayer film 3485 and connected 

to the conductive film 3436b. Thus, an electrical connection with the thin-film 

15 secondary battery is secured. 

[0213] 

Here, the conductive films 3434a and 3434b which are provided in the element 

formation layer 3419 are connected to the conductive films 3436a and 3436b, 

respectively, which serve as the connection terminals of the thin film secondary battery 

20 3489, which has been made in advance. Here, the case is shown where an electrical 

connection between the conductive films 3434a and 3436a or an electrical connection 

between the conductive films 3434b and 3436b is performed by pressure bonding with 

an adhesive material such as an anisotropic conductive film (ACF) or an anisotropic 

conductive paste (ACP) interposed therebetween. Here, the example is shown, in 

25 which the connection is performed using conductive particles 3438 included in an 



WO 2008/078661 PCT/JP2007/074603 · 
87 

adhesive resin 3437. Alternatively, a conductive adhesive such as a silver paste, a 

copper paste, or a carbon paste; solder joint; or the like can be used. 

[0214] 

Note that the structures of such transistors can be various without being limited 

5 to the specific structure shown in this embodiment mode. For example, a multi-gate 

structure having two or more gate electrodes may be employed. When a multi-gate 

structure is employed, a structure in which channel regions are connected in series is 

provided; therefore, a structure in which a plurality of transistors are connected in series 

is provided. When a multi-gate structure is employed, various advantages can be 

10 obtained in that off-current can be reduced; withstand voltage of the transistor can be 

increased, so that the reliability is increased; even if a voltage between a drain electrode 

and a source electrode fluctuates when the transistor operates in the saturation region, a 

fluctuation of a current between the drain electrode and the source electrode can be 

reduced, and thus flat characteristics can be obtained; and the like. Alternatively, a 

15 structure in which gate electrodes are formed above and below a channel may also be 

employed. When the structure in which gate electrodes are formed above and below a 

channel is employed, the channel region is enlarged and the amount of current flowing 

therethrough can be increased. Thus, a depletion layer can be easily formed and the 

subthreshold swing (S value) can be reduced. When gate electrodes are formed above 

20 and below a channel, a structure in which a plurality of transistors is connected in 

parallel is provided. 

[0215] 

In addition, any of the following structures may be employed: a structure in 

which a gate electrode is formed above a channel formation region; a structure in which 

25 a gate electrode is formed below a channel formation region; a staggered structure; and 
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an inversely staggered structure. Further, a structure, in which a channel formation 

region is divided into a plurality of regions and the divided regions are connected in 

parallel or in series, may be employed. Further, a channel formation region (or part 

thereof) may overlap with a source electrode or a drain electrode. When a structure in 

5 which a channel formation region (or part thereof) overlaps with a source electrode or a 

drain electrode is employed, electric charges can be prevented from being accumulated 

in part of the channel formation region and thus an unstable operation can be prevented. 

In addition, a lightly doped drain (LDD) region may be provided. When an LDD 

region is provided, off-current can be reduced; the withstand voltage of the transistor 

10 can be increased, so that the reliability is increased; and even if a voltage between a 

drain electrode and a source electrode fluctuates when the transistor operates in the 

saturation region, a fluctuation of a current between the drain electrode and the source 

electrode can be reduced, and thus flat characteristics can be obtained. 

15 

[0216] 

Note that the manufacturing method of the semiconductor device of this 

embodiment mode can be applied to any of the semiconductor devices described in this 

specification. That is, according to this embodiment mode, a semiconductor device 

which can transmit and receive infon.TI.ation by detecting a difference between a signal 

line and a reference line in a signal waveform so as to generate a demodulation signal, 

20 and generate a demodulation signal stably even with a signal of which modulation 

factor is small can be manufactured. 

[0217] 

Further, a semiconductor device which can demodulate a signal by canceling 

noise of each line and reducing influence of noise, which results from a carrier wave, 

25 can be manufactured. 
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[0218] 

Furthermore, a semiconductor device which can detect a signal as to. a wireless 

signal of which modulation factor is 10% and stably perform signal transmission and 

reception which are based on ISO/IEC 15693 can be manufactured. 

5 [0219] 

In the semiconductor device of the present invention, power from a power 

supply is continuously supplied while a wireless signal is received; therefore, the 

semiconductor device can· be operated stably. Further, the semiconductor device can 

be wirelessly charged; therefore, shortage of power for transmitting and receiving 

10 individual information, due to deterioration of a battery over time, can be compensated. 

[0220] 

Further, a semiconductor device which can generate a demodulation signal by 

detecting a difference between an output of a first bias circuit and an output of a second 

bias circuit, generate a demodulation signal stably even with a signal of which 

15 modulation factor is small, and demodulate a signal by reducing influence of noise can 

be manufactured. 

[0221] 

Moreover, in the semiconductor device of the present invention, power from a 

power supply is continuously supplied while a carrier wave of which modulation factor 

20 is 10% is received; therefore, the semiconductor device can be operated stably. Further, 

the semiconductor device can be wireless! y charged; therefore, shortage of power for 

transmitting and receiving individual information, due to deterioration of a battery over 

time, can be compensated. 
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This embodiment mode will describe another example of the manufacturing 

method of the semiconductor device shown in the above embodiment mode with 

5 reference to the drawings. In this embodiment mode, a structure in which an antenna, 

a battery, and a signal processing circuit included in a semiconductor device are formed 

over the same substrate will be described. Note that an antenna, a battery, and a signal 

processing circuit are formed at once on a single crystal substrate, using transistors in 

which channel formation regions are formed. When transistors are formed on a single 

10 crystal substrate, a semiconductor device having transistors with few electrical 

characteristic variations can be formed, which is preferable. In addition, an example in 

which a thin-film secondary battery is used as the battery will be described. 

[0223] 

First, regions 3504 and 3506 are formed in a semiconductor substrate 3500 

15 after an element region is isolated (see FIG. 20A). The regions 3504 and 3506 

provided in the semiconductor substrate 3500 are isolated from each other by an 

insulating film (also referred to as a field oxide film) 3502. The example shown here 

is the case where a single crystal silicon substrate having n-type conductivity is used as 

the semiconductor substrate 3500, and a p-well 3507 is formed in the region 3506 of the 

20 semiconductor substrate 3500. 

[0224] 

Any substrate can be used as the substrate 3500 as long as it is a semiconductor 

substrate. For example, a single crystal silicon substrate having n-type or p-type 

conductivity, a compound semiconductor substrate (for example, a GaAs substrate, an 

25 InP substrate, a GaN substrate, a SiC substrate, a sapphire substrate, or a ZnSe 
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substrate), a silicon on insulator (SOI) substrate formed by a bonding method or a 

separation by implanted oxygen (SIM OX) method, or the like can be used. 

[0225] 

The regions 3504 and 3506 can be formed by a local oxidation of silicon 

5 (LOCOS) method, a trench isolation method, or the like. 

[0226] 

In addition, the p-well 3507 formed in the region 3506 of the semiconductor 

substrate 3500 can be formed by selective doping of the semiconductor substrate 3500 

with an impurity element imparting p-type conductivity. As an impurity element 

10 imparting p-type conductivity, boron, aluminum, gallium, or the like can be used. 

[0227] 

In this embodiment mode, although the region 3504 is not doped with an 

impurity element because a semiconductor substrate having n-type conductivity is used 

as the semiconductor substrate 3500, an n-well may be formed in the region 3504 by 

15 introduction of an impurity element imparting n-type conductivity. As an impurity 

element imparting n-type conductivity, phosphorus, arsenic, or the like can be used. 

When a semiconductor substrate having p-type conductivity is used, on the other hand, 

the region 3504 may be doped with an impurity element imparting n-type conductivity 

to form an n-well, whereas the region 3506 may not be doped with an impurity element. 

20 [0228] 

Next, insulating films 3532 and 3534 are formed so as to cover the regions 

3504 and 3506, respectively (see FIG. 20B). 

[0229] 

For example, surfaces of the regions 3504 and 3506 provided in the 

25 semiconductor substrate 3500 are oxidized by heat treatment, so that the insulating films 
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3532 and 3534 can be formed of silicon oxide films. Alternatively, the insulating films 

3532 and 3534 may be each formed by stack of a silicon oxide film and a film 

containing oxygen and nitrogen (a silicon oxynitride film) by the steps of forming a 

silicon oxide film by a thermal oxidation method and then nitriding the surface of the 

5 silicon oxide film by nitridation treatment. 

[0230] 

Further alternatively, the insulating films 3532 and 3534 may be formed by 

plasma treatment as described above. For example, a silicon oxide film or a silicon 

nitride film can be formed as the insulating films 3532 and 3534 by performance of 

10 high-density plasma treatment on the surfaces of the regions 3504 and 3506 provided in 

the semiconductor substrate 3500 so as to oxide or nitride the surfaces. Fl,lrthermore, 

after oxidation treatment is performed on the surfaces of the regions 3504 and 3506 by 

high-density plasma treatment, the surfaces may be nitrided by performance of 

high-density plasma treatment again. In this case, silicon oxide films are formed so as 

15 to be in contact with the surfaces of the regions 3504 and 3506, and then silicon 

oxynitride films are formed on the silicon oxide films. Thus, the insulating films 3532 

and 3534 are each formed to have a stacked structure of the silicon oxide film and the 

silicon oxynitride film. Further, silicon oxide films may be formed on the surfaces of 

the regions 3504 and 3506 by a thermal oxidation method and the surfaces may be 

20 oxided or nitrided by high-density plasma treatment. 

[0231] 

The insulating films 3532 and 3534 formed over the regions 3504 and 3506 of 

the semiconductor substrate 3500, respectively, function as gate insulating films of 

transistors which are completed later. 
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[0232] 

Next, a conductive film is formed so as to cover the insulating films 3532 and 

3534 which are formed over the regions 3504 and 3506, respectively (see FIG. 20C). 

Here, an example is shown in which conductive films 3536 and 3538 are sequentially 

5 stacked as the conductive film. Needless to say, the conductive film may be formed to 

have a single layer or a stacked structure of three or more layers. 

[0233] 

As materials of the conductive films 3536 and 3538, an element of tantalum, 

tungsten, titanium, molybdenum, aluminum, copper, chromium, niobium, or the like, or 

10 an alloy material or a compound material containing such an element as its main 

component can be used. Alternatively, a metal nitride film obtained by nitridation of 

the above elements can be used. Besides, a semiconductor material typified by 

polycrystalline silicon doped with an impurity element such as phosphorus can be used. 

[0234] 

15 Here, a tantalum nitride film is formed as the conductive film 3536, and a 

tungsten film is formed thereover as the conductive film 3538. Alternatively, it is also 

possible to form the conductive film 3536 using a single layer or stacked layers of a 

tungsten nitride film, a molybdenum nitride film, and a titanium nitride film and form 

the conductive film 3538 using a single layer or stacked layers of a tungsten film, a 

20 tantalum film, a molybdenum film, and a titanium film. 

[0235] 

Next, the stacked conductive films 3536 and 3538 are selectively removed by 

etching, so that the conductive films 3536 and 3538 remain above part of the regions 

3504 and 3506, respectively. Thus, gate electrodes 3540 and 3542 are formed (see FIG. 

25 21A). 
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[0236] 

Next, a resist mask 3548 is selectively formed so as to cover the region 3504, 

and an impurity element is introduced into a desired position of the region 3506, using 

the resist mask 3548 and the gate electrode 3542 as masks, so that impurity regions are 

5 formed (see FIG. 21B). As an impurity element, an impurity element imparting n-type 

conductivity or an impurity element imparting p-type conductivity is used. As an 

impurity element imparting n-type conductivity, phosphorus, arsenic, or the like can be 

used. As an impurity element imparting p-type conductivity, boron, aluminum, 

gallium, or the like can be used. Here, phosphorus is used as the impurity element. 

10 [0237] 

15 

In FIG. 21B, by introduction of an impurity element, impurity regions 3552 

which form a source region and a drain region and a channel formation region 3550 are 

formed in the region 3506. 

[0238] 

Next, a resist mask 3566 is selectively formed so as to cover the region 3506, 

and an impurity element is introduced into the region 3504, using the resist mask 3566 

and the gate electrode 3540 as masks, so that impurity regions are formed (see FIG. 

21C). As the impurity element, an impurity element imparting n-type conductivity or 

an impurity element imparting p-type conductivity is used. As an impurity element 

20 imparting n-type conductivity, phosphorus, arsenic, or the like can be used. As an 

impurity element imparting p-type conductivity, boron, aluminum, gallium, or the like 

can be used. Here, an impurity element (for example, boron) imparting different 

conductivity from that of the impurity element introduced into the region 3506 in FIG. 

21 C is used. As a result, impurity regions 3570 which form a source region and a 

25 drain region and a channel formation region 3568 are formed in the region 3504. 
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[0239] 

Next, an insulating film 3572 is formed so as to cover the insulating films 3532 

and 3534 and the gate electrodes 3540 and 3542. Then, wirings 3574, which are 

electrically connected to the impurity regions 3552 and 3570 formed in the regions 3504 

5 and 3506, respectively, are formed over the insulating film 3572 (see FIG. 22A). 

[0240] 

The insulating film 3572 can be formed in a single layer or stacked layers of an 

insulating film containing oxygen or nitrogen such as silicon oxide (SiOx), silicon 

nitride (SiNx), silicon oxynitride (SiOxNy where x > y > 0), or silicon nitride oxide 

10 (SiNxOy where x > y > O); a film containing carbon such as DLC (Diamond-Like 

Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide, 

polyvinyl phenol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane 

resin by a CVD method, a sputtering method, or the like. Note that a siloxane material 

corresponds to a material having a bond of Si-0-Si. Siloxane has a skeleton structure 

15 with the bond of silicon and oxygen. As a substituent, an organic group containing at 

least hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used. 

Alternatively, a fluoro group can be used as the substituent. Further alternatively, both 

a fluoro group and an organic group containing at least hydrogen may be used as the 

substituent. 

20 [0241] 

The wirings 3574 are formed in a single layer or stacked layers of an element 

of aluminum, tungsten, titanium, tantalum, molybdenum, nickel, platinum, copper, gold, 

silver, manganese, neodymium, carbon, or silicon, or an alloy material or a compound 

material containing such an element as its main component by a CVD method, a 

25 sputtering method, or the like. An alloy material containing aluminum as its main 
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component corresponds to, for example, a material which contains aluminum as its 

main component and also contains nickel, or an alloy material which contains aluminum 

as its main component and also contains nickel and one or both carbon and silicon. 

The wirings 3574 may be formed to have a stacked structure of a barrier film, an 

5 aluminum-silicon film, and a barrier film or a stacked structure of a barrier film, an 

aluminum silicon film, a titanium nitride film, and a barrier film. Note that the barrier 

film is a thin film formed of titanium, a nitride of titanium, molybdenum, or a nitride of 

molybdenum. Aluminum and aluminum silicon are optimum materials of the wirings 

3574 because they have low resistance and are inexpensive. When barrier layers are 

10 provided as the top layer and the bottom layer of the conductive film 3413, generation 

of hillocks of aluminum and aluminum silicon can be prevented. When a barrier film 

formed of titanium which is an element having a high reducing property is formed, even 

when there is a thin natural oxide film formed on the crystalline semiconductor film, the 

natural oxide film can be reduced and thus the natural oxide film is removed, and a 

15 favorable contact between the wirings 3574 and the crystalline semiconductor film can 

be obtained. 

[0242] 

Note that the structure of transistors which is applied to the present invention is 

not limited to the structure illustrated in the drawing. For example, a transistor with an 

20 inversely staggered structure, a FinFET structure, or the like can be used. A FinFET 

structure is preferable because it can suppress a short channel effect which occurs along 

with reduction in transistor size. 

[0243] 

The semiconductor device of the present invention includes a battery capable 

25 of storing power, which is supplied to the signal processing circuit. As the battery, a 
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capacitor such as a double-layer electrolytic capacitor or a thin-film secondary battery is 

preferably used. In this embodiment mode, a connection between a transistor and a 

thin-film secondary battery is described. 

[0244] 

In this embodiment mode, the secondary battery is stacked over the wiring 

357 4 connected to the transistor. The secondary battery has a structure in which a 

current-collecting thin film, a negative electrode active material layer, a solid electrolyte 

layer, a positive electrode· active material layer, and a current-collecting thin film are 

sequentially stacked (see FIG. 22B). Therefore, the material of the wiring 3574 which 

10 also has a function of the current-collecting thin film of the secondary battery should 

have high adhesion to the negative electrode active material layer and also low 

resistance. In particular, aluminum, copper, nickel, vanadium, or the like is preferably 

used. 

[0245] 

15 Next, the structure of the thin-film secondary battery is described in detail. A 

negative electrode active material layer 3591 is formed over the wiring 3574. In 

general, vanadium oxide (V 20s) or the like is used. Next, a solid electrolyte layer 

3592 is formed over the negative electrode active material layer 3591. In general, 

lithium phosphate (LhP04) or the like is used. Next, a positive electrode active 

20 material layer 3593 is formed over the solid electrolyte layer 3592. In general, lithium 

manganese oxide (LiMn204) or the like is used. Lithium cobalt oxide (LiCo02) or 

lithium nickel oxide (LiNi02) may also be used. Next, a current-collecting thin film 

3594 to serve as an electrode is formed over the positive electrode active material layer 

3593. The current-collecting thin film 3594 should have high adhesion to the positive 

25 electrode active material layer 3593 and also low resistance. For example, aluminum, 
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copper, nickel, vanadium, or the like can be used. 

[0246] 

Each of the above thin layers of the negative electrode active material layer 

3591, the solid electrolyte layer 3592, the positive electrode active material layer 3593, 

5 and the current-collecting thin film 3594 may be formed by sputtering or evaporation. 

In addition, the thickness of each layer is preferably 0.1to3 µm. 

[0247] 

Next, a resin film is formed by a spin-coating method or the like. Then, the 

resin film is etched to form a contact hole and an interlayer film 3596. The interlayer 

10 film 3596 is not limited to a resin film, and other films such as an oxide film formed by 

a CVD method may be used as well; however, a resin film is preferably used in terms of 

flatness. Further, the contact hole can be formed without etching with the use of a 

photosensitive resin. Next, a wiring layer 3595 is formed over the interlayer film 3596 

and connected to a wiring 3597. Thus, an electrical connection with the thin-film 

15 secondary battery is secured. 

[0248] 

With the above structure, the semiconductor device of the present invention can 

employ a structure in which transistors are formed on a single crystal substrate and a 

thin-film secondary battery is formed thereover. Thus, an extremely thin and 

20 small-sized semiconductor device can be manufactured in this embodiment mode. 

[0249] 

Note that the manufacturing method of the semiconductor device of this 

embodiment mode can be applied to any of the semiconductor devices described in this 

specification. That is, according to this embodiment mode, a semiconductor device 

25 which can transmit and receive information by detecting a difference between a signal 
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line and a reference line in a signal waveform so as to generate a demodulation signal, 

and generate a demodulation signal stably even with a signal of which modulation 

factor is small can be manufactured. 

[0250] 

Further, a semiconductor device which can demodulate a signal by canceling 

noise of each line and reducing influence of noise which results from a carrier wave can 

be manufactured. 

[0251] 

Furthermore, a semiconductor device which can detect a signal as to a wireless 

10 signal of which modulation factor is 10% and stably perform signal transmission and 

reception which are based on ISO/IEC 15693 can be manufactured. 

[0252] 

In the semiconductor device of the present invention, power from a power 

supply is continuously supplied while a wireless signal is received; therefore, the 

15 semiconductor device can be operated stably. Further, the semiconductor device can 

be wirelessly charged; therefore, shortage of power for transmitting and receiving 

individual information, due to deterioration of a battery over time, can be compensated. 

[0253] 

Further, a semiconductor device which can generate a demodulation signal by 

20 detecting a difference between an output of a first bias circuit and an output of a second 

bias circuit, generate a demodulation signal stably even with a signal of which 

modulation factor is small, and demodulate a signal by reducing influence of noise can 

be manufactured. 

[0254] 

25 Moreover, in the semiconductor device of the present invention, power from a 
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power supply is continuously supplied while a carrier wave of which modulation factor 

is 10% is received; therefore, the semiconductor device can be operated stably. Further, 

the semiconductor device can be wirelessly charged; therefore, shortage of power for 

transmitting and receiving individual information, due to deterioration of a battery over 

5 time, can be compensated. 

(Embodiment Mode 6) 

[0255] 

An example of a manufacturing method of a semiconductor device, which is 

different from that described in the above embodiment mode, will be described with 

10 reference to the drawings. 

[0256] 

First, an insulating film is formed over a substrate 3600. Here, a single crystal 

silicon substrate having n-type conductivity is used as the substrate 3600, and insulating 

films 3602 and 3604 are formed over the substrate 3600 (see FIG. 23A). For example, 

15 a silicon oxide film is formed as the insulating film 3602 by performance of heat 

treatment to the substrate 3600, and then a silicon nitride film is formed over the 

insulating film 3602 by a CVD method. 

[0257] 

Any substrate can be used as the substrate 3600 as long as it is a semiconductor 

20 substrate, without limitation to the silicon substrate. For' example, a single crystal 

silicon substrate having n-type or p-type conductivity, a compound semiconductor 

substrate (for example, a GaAs substrate, an InP substrate, a GaN substrate, a SiC 

substrate, a sapphire substrate, or a ZnSe substrate), an silicon on insulator (SOI) 

substrate formed by a bonding method or a separation by implanted oxygen (SIMOX) 

25 method, or the like can be used. 
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[0258] 

Alternatively, after the insulating film 3602 is formed, the insulating. film 3604 

may be formed by nitridation of the insulating film 3602 by high-density plasma 

treatment. Note that the insulating film provided over the substrate 3600 may have a 

5 single-layer structure or a stacked structure of three or more layers. 

[0259] 

Next, a pattern of a resist mask 3606 is selectively formed over the insulating 

film 3604, and selective etching is performed using the resist mask 3606 as a mask, so 

that recessed portions 3608 are selectively formed in the substrate 3600 (see FIG. 23B). 

10 For the etching of part of the substrate 3600 and the insulating films 3602 and 3604, 

plasma dry etching can be performed. 

[0260] 

Next, the patterns of the resist mask 3606 are removed, and then an insulating 

film 3610 is formed so as to fill the recessed portions 3608 formed in the substrate 3600 

15 (see FIG. 23C). 

[0261] 

The insulating film 3610 is formed of an insulating material such as silicon 

oxide, silicon nitride, silicon oxynitride (SiOxNy, where x > y > 0), or silicon nitride 

oxide (SiNxOy, where x > y > 0) by a CVD method, a sputtering method, or the like. 

20 As the insulating film 3610, a silicon oxide film is formed by a TEOS (tetraethyl 

orthosilicate) gas, using an atmospheric pressure CVD method or a low-pressure CVD 

method. 

[0262] 

Next, the surface of the substrate 3600 is exposed by grinding treatment or 

25 polishing treatment such as chemical mechanical polishing (CMP). Here, by exposure 
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of the surface of the substrate 3600, regions 3612 and 3613 are formed between 

insulating films 3611 which are formed in the recessed portions 3608 of the substrate 

3600. The insulating film 3610 formed over the surface of the substrate 3600 is 

removed by grinding treatment or polishing treatment such as CMP, so that the 

5 insulating films 3611 are obtained. Subsequently, by selective introduction of an 

impurity element imparting p-type conductivity, a p-well 3615 is formed in the region 

3613 of the substrate 3600 (see FIG. 24A). 

[0263] 

As an impurity element imparting p-type conductivity, boron, aluminum, 

10 gallium, or the like can be used. Here, boron is introduced into the region 3613 as the 

impurity element. 

[0264] 

Further, in this embodiment mode, although an impurity element is not 

introduced into the region 3612 because a semiconductor substrate having n-type 

15 conductivity is used as the substrate 3600, an n-well may be formed in the region 3612 

by introduction of an impurity element imparting n-type conductivity. As an impurity 

element imparting n-type conductivity, phosphorus, arsenic, or the like can be used. 

[0265] 

When a semiconductor substrate having p-type conductivity is used, on the 

20 .other hand, an impurity element imparting n-type conductivity may be introduced into 

the region 3612 to form an n-well, whereas the region 3613 may not be doped with an 

impurity element. 

[0266] 

Next, insulating films 3632 and 3634 are formed over the surfaces of the 

25 regions 3612 and 3613 in the substrate 3600, respectively (see FIG. 24B). 
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[0267] 

For example, surfaces of the regions 3612 and 3613 provided in the substrate 

3600 are oxidized by heat treatment, so that the insulating films 3632 and 3634 can be 

formed of silicon oxide films. Alternatively, the insulating films 3632 and 3634 may 

5 be each formed by stack of a silicon oxide film and a film containing oxygen and 

nitrogen (a silicon oxynitride film) by the steps of forming a silicon oxide film by a 

thermal oxidation method and then nitriding the surface of the silicon oxide film by 

nitridation treatment. 

10 

[0268] 

Further alternatively, the insulating films 3632 and 3634 may be formed by 

plasma treatment as described above. For example, a silicon oxide film or a silicon 

nitride film can be formed as the insulating films 3632 and 3634 by performance of 

high-density plasma treatment to the surfaces of the regions 3612 and 3613 provided in 

the substrate 3600 so as to oxide or nitride the surfaces. Furthermore, after oxidation 

15 treatment is performed on the surfaces of the regions 3612 and 3613 by high-density 

plasma, the surfaces may be nitrided by performance of high-density plasma again. In 

this case, silicon oxide films are formed so as to be in contact with the surfaces of the 

regions 3612 and 3613, and then silicon oxynitride films are formed on the silicon oxide 

films. Thus, the insulating films 3632 and 3634 are each formed to have a stacked 

20 structure of the silicon oxide film and the silicon oxynitride film. Further, the surfaces 

of the regions 3612 and 3613 may be oxided or nitrided by high-density plasma 

treatment after silicon oxide films are formed on the surfaces by a thermal oxidation 

method. 

[0269] 

25 The insulating films 3632 and 3634 formed over the regions 3612 and 3613 of 
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the substrate 3600, respectively, function as gate insulating films of transistors which 

are completed later. 

[0270] 

Next, a conductive film is formed so as to cover the insulating films 3632 and 

5 3634 which are formed over the regions 3612 and 3613 provided in the substrate 3600, 

respectively (see FIG. 24C). Here, an example is shown in which conductive films 

3636 and 3638 are sequentially stacked as the conductive film. Needless to say, the 

conductive film may be formed to have a single layer or a stacked structure of three or 

more layers. 

10 [0271] 

As materials of the conductive films 3636 and 3638, an element of tantalum, 

tungsten, titanium, molybdenum, aluminum, copper, chromium, niobium, or the like, or 

an alloy material or a compound material containing such an element as its main 

component can be used. Alternatively, a metal nitride film obtained by nitridation of 

15 the above elements can be used. Besides, a semiconductor material typified by 

polycrystalline silicon doped with an impurity element such as phosphorus can be used. 

[0272] 

Here, a tantalum nitride film is formed as the conductive film 3636, and a 

tungsten film is formed thereover as the conductive film 3638. Alternatively, it is also 

20 possible to form the conductive film 3636 using a single layer or stacked layers of a 

tungsten nitride film, a molybdenum nitride film, and a titanium nitride film and form 

the conductive film 3638 using a single layer or stacked layers of a tungsten film, a 

tantalum film, a molybdenum film, and a titanium film. 

[0273] 

25 Next, the stacked conductive films 3636 and 3638 are selectively removed by 
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etching, so that the conductive films 3636 and 3638 remain above part of the regions 

3612 and 3613 of the substrate 3600. Thus, conductive films 3640 and 3642 which 

function as gate electrodes are formed (see FIG. 25A). Here, surfaces of the regions 

3612 and 3613 of the substrate 2600 which does not overlap with the conductive films 

5 3640 and 3642, respectively, are exposed. 

[0274] 

Specifically, in the region 3612 of the substrate 3600, part of the insulating film 

3632 formed below the ·conductive film 3640, which does not overlap with the 

conductive film 3640, is selectively removed, so that the ends of the conductive film 

10 3640 and the ends of the insulating film 3632 are almost aligned with each other. In 

addition, in the region 3613 of the substrate 3600, part of the insulating film 3634 

formed below the conductive film 3642, which do not overlap with the conductive film 

3642, is selectively removed, so that the ends of the conductive film 3642 and the ends 

of the insulating film 3634 are almost aligned with each other. 

15 [0275] 

In this case, the part of the insulating films or the like which do not overlap 

with the conductive films 3640 and 3642 may be removed at the same time as the 

formation of the conductive films 3640 and 3642. Alternatively, the part of the 

insulating films which do not overlap with the conductive films 3640 and 3642 may be 

20 · removed using resist masks which are left after the formation of the conductive films 

3640 and 3642 or the conductive films 3640 and 3642 as masks. 

[0276] 

Then, an impurity element is selectively introduced into the regions 3612 and 

3613 of the substrate 3600 (see FIG. 25B). Here, an impurity element imparting n-type 

25 conductivity .is selectively introduced into the region 3613, using the conductive film 
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3642 as a mask, whereas an impurity element imparting p-type conductivity is 

selectively introduced into the region 3612, using the conductive film 3640 as a mask. 

As an impurity element imparting n-type conductivity, phosphorus, arsenic, or the like 

can be used. As an impurity element imparting p-type conductivity, boron, aluminum, 

5 gallium, or the like can be used. 

[0277] 

Next, sidewalls 3654 which are in contact with the side surfaces of the 

conductive films 3640 and 3642 are formed. Specifically, the sidewalls are formed in 

a single layer or stacked layers of a film containing an inorganic material such as silicon, 

10 an oxide of silicon, or a nitride of silicon, or a film containing an organic material such 

as an organic resin. Then, such an insulating film is selectively etched by anisotropic 

etching mainly in the perpendicular direction, so that the sidewalls 3654 can be formed 

so as to be in contact with the side surfaces of the conductive films 3640 and 3642. 

The sidewalls 2654 are used as masks in doping for forming lightly diode drain (LDD) 

15 regions. Further, the sidewalls 3654 are formed so as to be in contact with side 

surfaces of the insulating films formed below the conductive films 3640 and 3642. 

[0278] 

Subsequently, an impurity eiement is introduced into the regions 3612 and 

3613 of the substrate 3600, using the sidewalls 3654 and the conductive films 3640 and 

20 3642 as masks, so that impurity regions which each function as a source region or a 

drain region are formed (see FIG. 25C). Here, an impurity element imparting n-type 

conductivity is introduced into the region 3613 of the substrate 3600, using the 

sidewalls 3654 and the conductive film 3642 as masks, at higher concentration than the 

concentrations in LDD regions. Whereas, an impurity element imparting p-type 

25 conductivity is introduced into the region· 3612 of the substrate 3600, using the 
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sidewalls 3654 and the conductive film 3640 as masks, at higher concentration than the 

concentrations in LDD regions. 

[0279] 

As a result, impurity regions 3658 which each form a source region or a drain 

5 region, low-concentration impurity regions 3660 which form LDD regions, and a 

channel formation region 3656 are formed in the region 3612 of the substrate 3600. 

Whereas, impurity regions 3664 which form a source region or a drain region, 

low-concentration impurity regions 3666 which form LDD regions, and a channel 

formation region 3662 are formed in the region 3613 of the substrate 3600. 

10 [0280] 

In this embodiment mode, the impurity elements are introduced under the 

condition that parts of the regions 3612 and 3613 of the substrate 3600 which do not 

overlap with the conductive films 3640 and 3642 are exposed. Thus, the channel 

formation regions 3656 and 3662 which are formed in the regions 3612 and 3613 of the 

15 substrate 3600, respectively, can be formed in a self-aligned manner with the conductive 

films 3640 and 3642. 

[0281] 

Next, an insulating film is formed so as to cover the insulating films, the 

conductive films, and the like which are provided over the regions 3612 and 3613 of the 

20 substrate 3600, and insulating films 3677 are formed by formation of openings 3678 in 

the insulating film (see FIG. 26A). 

[0282] 

The insulating films 3677 can be formed in a single layer or stacked layers of 

an insulating film containing oxygen or nitrogen such as silicon oxide (SiOx), silicon 

25 nitride (SiNx), silicon oxynitride (SiOxNy where x > y > 0), or silicon nitride oxide 
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(SiNxOy where x > y > O); a film containing carbon such as DLC (Diamond-Like 

Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide, 

polyvinyl phenol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane 

resin by a CVD method, a sputtering method, or the like. Note that a siloxane material 

5 corresponds to a material having a bond of Si-0-Si. Siloxane has a skeleton structure 

with the bond of silicon and oxygen. As a substituent, an organic group containing at 

least hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used. 

Alternatively, a fluoro group can by used as the substituent. Further alternatively, both 

a fluoro group and an organic group containing at least hydrogen may be used as the 

10 substituent. 

[0283] 

Next, conductive films 3680 are formed in the openings 3678 by a CVD 

method or the like. Then, conductive films 3682a to 3682d are selectively formed 

over the insulating films 3677 so as to be electrically connected to the conductive films 

15 3680 (see FIG. 26B). 

[0284] 

The conductive films 3680 and the conductive films 3682a to 3682d are 

formed in a single layer or stacked layers of an element of aluminum, tungsten, titanium, 

tantalum, molybdenum, nickel, platinum, copper, gold, silver, manganese, neodymium, 

20 carbon, or silicon, or an alloy material or a compound material containing such an 

element as its main component by a CVD method, a sputtering method, or the like. An 

alloy material containing aluminum as its main component corresponds to, for example, 

a material which contains aluminum as its main component and also contains nickel, or 

an alloy material which contains aluminum as its main component and also contains 

25 nickel and one or both carbon and silicon. The conductive films 3680 and the 
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conductive films 3682a to 3682d may be formed to have a stacked structure of a barrier 

film, an aluminum-silicon film, and a barrier film or a stacked structure of a barrier film, 

an aluminum silicon film, a titanium nitride film, and a barrier film. Note that the 

barrier film is a thin film formed of titanium, a nitride of titanium, molybdenum, or a 

5 nitride of molybdenum. Aluminum and aluminum silicon are optimum materials of 

the conductive films 3680 and the conductive films 3682a to 3682d because they have 

low resistance and are inexpensive. When barrier layers are provided as the top layer 

and the bottom layer of the conductive film 3680, generation of hillocks of aluminum 

and aluminum silicon can be prevented. When a barrier film formed of titanium which 

10 is an element having a high reducing property is formed, even when there is a thin 

natural oxide film formed on the crystalline semiconductor film, the natural oxide film 

can be reduced and thus the natural oxide film is removed, and a favorable contact 

between the conductive films 3680 and the conductive films 3682a to 3682d and the 

crystalline semiconductor film can be obtained. Here, the conductive films 3680 and 

15 the conductive films 3682a to 3682d can be formed by selective growth of tungsten by a 

CVDmethod. 

[0285] 

Through the above steps, a p-channel transistor formed in the region 3612 of 

the substrate 3600 and an n-channel transistor formed in the region 3613 of the substrate 

20 3600 can be obtained. 

[0286] 

Note that the structure of transistors which is applied to the present invention is 

not limited to the structure illustrated in the drawing. For example, a transistor with an 

inversely staggered structure, a FinFET structure, or the like can be used. A FinFET 

25 structure is preferable because it can suppress a short channel effect which occurs along 
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with reduction in transistor size. 

[0287] 

The semiconductor device of the present invention includes a battery capable 

of storing power, which is supplied to the signal processing circuit. As the battery, a 

5 capacitor such as a double-layer electrolytic capacitor or a thin-film secondary battery is 

preferably used. In this embodiment mode, a connection between a transistor and a 

thin-film secondary battery is described. 

[0288] 

In this embodiment mode, the secondary battery is stacked over the conductive 

10 film 3682d connected to the transistor. The secondary battery has a structure in which 

a current-collecting thin film, a negative electrode active material layer, a solid 

electrolyte layer, a positive electrode active material layer, and a current-collecting thin 

film are sequentially stacked (see FIG. 26B). Therefore, the material of the conductive 

film 3682d which also has a function of the current-collecting thin film of the secondary 

15 battery should have high adhesion to the negative electrode active material layer and 

also low resistance. In particular, aluminum, copper, nickel, vanadium, or the like is 

preferably used. 

[0289] 

Next, the structure of the thin-film secondary battery is described in detail. A 

20 negative electrode active material layer 3691 is formed over the conductive film 3682d. 

In general, vanadium oxide (V20 5) or the like is used. Next, a solid electrolyte layer 

3692 is formed over the negative electrode active material layer 3691. In general, 

lithium phosphate (LhP04) or the like is used. Next, a positive electrode active 

material layer 3693 is formed over the solid electrolyte layer 3692. In general, lithium 

25 manganese oxide (LiMn204) or the like is used. Lithium cobalt oxide (LiCo02) or 
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lithium nickel oxide (LiNi02) may also be used. Next, a current-collecting thin film 

3694 to serve as an electrode is formed over the positive electrode active material layer 

3693. The current-collecting thin film 3694 should have high adhesion to the positive 

electrode active material layer 3693 and also low resistance. For example, aluminum, 

5 copper, nickel, vanadium, or the like can be used. 

[0290] 

Each of the above thin layers of the negative electrode active material layer 

3691, the solid electrolyte layer 3692, the positive electrode active material layer 3693, 

and the current-collecting thin film 3694 may be formed by sputtering or evaporation. 

10 In addition, the thickness of each layer is preferably 0.1 to 3 µm. 

[0291] 

Next, a resin film is formed by a spin-coating method or the like. Then, the 

resin film is etched to form a contact hole and an interlayer film 3696. The interlayer 

film 3696 is not limited to a resin film, and other films such as an oxide film formed by 

15 a CVD method may be used as well; however, a resin film is preferably used in terms of 

flatness. Further, the contact hole can be formed without etching with the use of a 

photosensitive resin. Next, a wiring layer 3695 is formed over the interlayer film 3696 

and connected to a wiring 3697. Thus, an electrical connection with the thin-film 

secondary battery is secured. 

20 [0292] 

With the above structure, the semiconductor device of the present invention can 

employ a structure in which transistors are formed on a single crystal substrate and a 

thin-film secondary battery is formed thereover. Thus, an extremely thin and 

small-sized semiconductor device can be manufactured in this embodiment mode. 
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[0293] 

Note that the manufacturing method of the semiconductor device of this 

embodiment mode can be applied to any of the semiconductor devices described in this 

specification. That. is, according to this embodiment mode, a semiconductor device 

5 which can transmit and receive information by detecting a difference between a signal 

line and a reference line in a signal waveform so as to generate a demodulation signal, 

and generate a demodulation signal stably even with a signal of which modulation 

factor is small can be manufactured. 

10 

[0294] 

Further, a semiconductor device which can demodulate a signal by canceling 

noise of each line and reducing influence of noise which results from a carrier wave can 

be manufactured. 

[0295] 

Furthermore, a semiconductor device which can detect a signal as to a wireless 

15 signal of which modulation factor is 10% and stably perform signal transmission and 

reception which are based on ISO/IEC 15693 can be manufactured. 

[0296] 

In the semiconductor device. of the present invention, power from a power 

supply is continuously supplied while a wireless signal is received; therefore, the 

20 semiconductor device can be operated stably. Further, the semiconductor device can 

be wirelessly charged; therefore, shortage of power for transmitting and receiving 

individual information, due to deterioration of a battery over time, can be compensated. 

[0297] 

Further, a semiconductor device which can generate a demodulation signal by 

25 detecting a difference between an output of a first bias circuit and an output of a second 
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bias circuit, generate a demodulation signal stably even with a signal of which 

modulation factor is small, and demodulate a signal by reducing influence of noise can 

be manufactured. 

[0298] 

5 Moreover, in the semiconductor device of the present invention, power from a 

power supply is continuously supplied while a carrier wave Of which modulation factor 

is 10% is received; therefore, the semiconductor device can be operated stably. Further, 

the semiconductor device can be wirelessly charged; therefore, shortage of power for 

transmitting and receiving individual information, due to deterioration of a battery over 

10 time, can be compensated. 

(Embodiment Mode 7) 

[0299] 

A semiconductor device 2000 to which the present invention is applied can be 

used for a variety of items and systems by utilizing a function capable of transmitting 

15 and receiving an electromagnetic wave. As the items, for example, the following are 

given: keys (see FIG. 13A), paper money, coins, securities, bearer bonds, certificates 

(such as a driver's license or a resident's card, see FIG. 13B), books, containers (such as 

a Petri dish, see FIG. 13C), packaging containers (such as wrapping paper or bottles, see 

FIGS. 13E and 13F), recording media (such as a disk or video tape), vehicles (such as a 

20 bicycle), personal accessories (such as shoes or eyeglasses, see FIG. 13D), food, 

clothing, living ware, electronic appliances (such as a liquid crystal display device, an 

EL display device, a television device, or a portable terminal), and the like. The 

semiconductor device of the present invention is fixed or mounted to items of a variety 

of forms such as those above by being attached or embedded on a surface. Further, a 

25 system refers to a goods management system, an authentication function system, a 
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With the use of the semiconductor device of the present invention, the 

semiconductor device can be operated while being supplied with power from a power 

5 supply continuously through wireless communication. In addition, noise of a carrier 

wave can be reduced. 

[0301] 

Moreover, with the use of the semiconductor device of the present invention, 

power from a power supply is continuously supplied while a carrier wave of which 

10 modulation factor is 10% is received. In addition, noise of the carrier wave can be 

reduced. This embodiment mode can be freely combined with other embodiment 

modes. 

[Embodiment] 

[0302] 

15 A waveform of a signal when a semiconductor device capable of wireless 

communication to which the present invention is applied is actually operated will be 

described with reference to the drawings. The semiconductor device 100 described in 

Embodiment Mode 1 is used as the semiconductor device capable of wireless 

communication. In each portion in the demodulation signal generation circuit, a 

20 waveform is obtained using an oscilloscope. As to an analog buffer circuit, one 

illustrated in FIG. lOA is used. 

[0303] 

A parameter of each element in the semiconductor device used in this 

embodiment is as follows. In the first demodulation circuit 154, the first capacitor 602 

25 is at 10 pF; the second capacitor 610, 2 pF; the third capacitor 614, 1 pF; the first 
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resistor 608, 200 kQ; and the second resistor 612, 100 kQ. In the second 

demodulation circuit 156, the first a capacitor 622 is at 10 pF; the second capacitor 630, 

2 pF; and the third capacitor 634, 1 pF. In the first bias circuit 158, the capacitor 802A 

is at 500 pF; the first resistor 804A, 300 kQ; and the second resistor 806A, 400 kQ. In 

5 the second bias circuit 160, the capacitor 802B is at 500 pF; the first resistor 804B, 300 

kQ; and the second resistor 806B, 400 kQ. Resistance of a resistor included in the 

constant current circuit 1003 is at 100 kQ. 

[0304] 

FIGS. 27A and 27B illustrate a waveform 1400 inputted into the input portion 

10 152 and a waveform 1401 outputted from the output portion 166 of the demodulation 

signal generation circuit, respectively. When the waveform 1400 is inputted into the 

input portion 152, the waveform 1401 was outputted from the output portion 166. 

Note that FIG. 27B is an enlarged view of a region 1402 in FIG. 27A. 

15 

[0305] 

FIGS. 28A and 28B illustrate waveforms which are detected from the first 

input portion 900A and the second input portion 900B of the comparator 162 when the 

waveform 1400 is inputted into the input portion 152. FIG. 28A illustrates a waveform 

1403 which is detected from the first input portion 900A. FIG. 28B illustrates a 

waveform 1404 which is detected from the second input portion 900B. 

20 [0306] 

When the waveform 1403 is inputted into the first input portion 900A and the 

waveform 1404 is inputted into the second input portion 900B, a waveform 1406 was 

detected from the output portion 912 of the comparator 162. FIG. 29A illustrates the 

waveform 1406. FIGS. 32A and 32B illustrate the waveforms 1403 and 1404 for 

25 comparison, respectively. When the waveforms 1403 and 1404 are compared with the 
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waveform 1406 illustrated in FIG 29A, a difference between the waveform 1403 and 

the waveform 1404 can be obtained through the comparatorl62; thus, such a signal 

having less noise as the waveform 1406 can be obtained. Further, by comparison of 

the waveform 1403 and the waveform 1404, it is apparent from FIG. 29B that noise of a 

5 carrier wave is reduced in the waveform 1406. Note that FIG. 29B illustrates an 

enlarged view of a region 1405 in FIG. 29A. Similarly, FIG. 32B illustrates an 

enlarged view of a region 1407 in FIG. 32A, and FIG. 33B illustrates an enlarged view 

of a region 1408 in FIG. 33A. 

10 

[0307] 

As shown in this embodiment, with the use of the semiconductor device of the 

present invention, a difference between a signal line and a reference line in a signal 

waveform is detected; therefore, a demodulation signal is generated, and a 

demodulation signal is stably generated even with a signal of which modulation factor is 

small. Accordingly, information can be transmitted and received. 

15 [0308] 

In the above signal waveforms, noise that exists in each of the signal line and 

the reference line has the same phase. In the present invention, demodulation is 

performed by comparison of the signai line and the reference line. Therefore, the noise 

of each line is cancelled and, influence of noise, which results from a carrier wave, is 

20 reduced; thus, a signal can be demodulated. 

[0309] 

Furthermore, with the use of the present invention, a signal can be detected 

stably also as to a wireless signal of which modulation factor is 10%, and signal 

transmission and reception which are based on ISO/IEC 15693 can be performed stably. 



WO 2008/078661 PCT/JP2007/074603. 

117 

[0310] 

In the semiconductor device of the present invention, power from a power 

supply is continuously supplied while a wireless signal is received; therefore, the 

semiconductor device can be operated stably. Further, as shown in Embodiment Mode 

5 2, a battery is mounted on the semiconductor device of the present invention; therefore, 

much stable operation is possible. 

The present application is based on Japanese Patent Applications serial no. 

2006-347086 and no. 2006-350344 filed with Japan Patent Office on December, 25, in 

2006 and December, 26, in 2006, respectively, the entire contents of which are hereby 

10 incorporated by reference. 
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CLAIMS 

1. A semiconductor device capable of wireless communication comprising: 

a first demodulation circuit having an input portion electrically connected to an 

5 antenna circuit, the first demodulation circuit is configured to demodulate a first electric 

signal; 

10 

15 

20 

a second demodulation circuit, which is configured to demodulate a second 

electric signal having a polarity opposite to the first electric signal, the second 

demodulation circuit electrically connected to the input portion; 

a first bias circuit having an input portion electrically connected to an output 

portion of the first demodulation circuit; 

a second bias circuit having an input portion electrically connected to an output 

portion of the second demodulation circuit; and 

a comparator having a first input portion and a second input portion, 

wherein an output portion of the first bias circuit is electrically connected to the 

first input portion of the comparator, and 

wherein an output portion of the second bias circuit is electrically connected to 

the second input portion of the comparator. 

2. A semiconductor device capable of wireless communication according to 

claim 1, wherein the comparator is any one of a differential circuit, a differential 

amplifier, or an operational amplifier. 

3. A semiconductor device capable of wireless communication according to 

25 claim 2, wherein the antenna is in an annular form or a helical form. 
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4. A semiconductor device capable of wireless communication according to 

claim 1, wherein the semiconductor device comprises a battery capable of being 

charged wirelessly. 

5. A semiconductor device capable of wireless communication comprising: 

a first demodulation circuit having an input portion electrically connected to an 

antenna circuit; 

a second demodulation circuit, which is configured to demodulate an electric 

10 signal having a polarity opposite to an electric signal demodulated by the first 

demodulation circuit, the second demodulation circuit electrically connected to the input 

portion; 

15 

20 

25 

a first bias circuit having an input portion electrically connected to an output 

portion of the first demodulation circuit; 

a second bias circuit having an input portion electrically connected to an output 

portion of the second demodulation circuit; 

a comparator having a first input portion and a second input portion; and 

an analog buffer circuit electrically connected to an output portion of the 

comparator, 

wherein an output portion of the first bias circuit is electrically connected to the 

first input portion of the comparator, and 

wherein an output portion of the second bias circuit is electrically connected to 

the second input portion of the comparator 

6. A semiconductor device capable of wireless communication according to 
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claim 5, wherein the comparator is any one of a differential circuit, a differential 

amplifier, or an operational amplifier. 

7. A semiconductor device capable of wireless communication according to 

5 claim 6, wherein the antenna is in an annular form or a helical form. 

10 

15 

8. A semiconductor device capable of wireless communication according to 

claim 5, wherein the semiconductor device comprises a battery capable of being 

charged wirelessly. 

9. A semiconductor device capable of wireless communication according to 

claim 5, wherein the analog buffer circuit comprises a source follower circuit, a constant 

current circuit, and an inverter circuit. 

10. A semiconductor device capable of wireless communication comprising: 

an antenna circuit; 

a first demodulation signal generation circuit electrically connected to the 

antenna circuit; 

a second demodulation signal generation circuit which is configured to 

20 demodulate a signal of which modulation factor is smaller than a modulation factor of 

25 

the first demodulation signal generation circuit; and 

a selective circuit which selects which of the first demodulation signal 

generation circuit and the second demodulation signal generation circuit is used when a 

signal is received through the antenna circuit, 

wherein the second demodulation signal generation circuit includes a 



5 

WO 2008/078661 PCT/JP2007/074603. 

121 

comparator, and 

wherein the comparator and a wiring of a power supply potential or a reference 

potential are connected through a transistor. 

11. A semiconductor device capable of wireless communication according to 

claim 10, wherein the selective circuit comprises an inverter circuit, a flip-flop circuit, 

and a selector circuit. 

12. A semiconductor device capable of wireless communication according to 

10 claim 10, wherein the second demodulation signal generation circuit comprises: 

a first demodulation circuit having one input portion electrically connected to 

an antenna circuit; 

a second demodulation circuit, which demodulates an electric signal having a 

polarity opposite to an electric signal of the first demodulation circuit, the second 

15 demodulation circuit electrically connected to the input portion; 

20 

25 

a first bias circuit having an input portion electrically connected to an output 

portion of the first demodulation circuit; and 

a second bias circuit having an input portion electrically connected to an output 

portion of the second demodulation circuit; 

wherein the comparator has a first input portion and a second input portion, 

wherein an output portion of the first bias circuit is electrically connected to the 

first input portion, and 

wherein an output portion of the second bias circuit is electrically connected to 

the second input portion. 
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13. A semiconductor device capable of wireless communication according to 

claim 10, wherein the second demodulation signal generation circuit comprises: 

a first demodulation circuit having one input portion electrically connected to 

an antenna circuit; 

5 a second demodulation circuit, which demodulates an electric signal having a 

10 

polarity opposite to an electric· signal of the first demodulation circuit, the second 

demodulation circuit electrically connected to the input portion; 

a first bias circuit having an input portion electrically connected to an output 

portion of the first demodulation circuit; 

a second bias circuit having an input portion electrically connected to an output 

portion of the second demodulation circuit; 

a comparator having a first input portion and a second input portion; and 

an analog buffer circuit electrically connected to an output portion of the 

comparator, 

15 wherein an output portion of the first bias circuit is electrically connected to the 

20 

first input portion, and 

wherein an output portion of the second bias circuit is electrically connected to 

the second input portion. 

14. A semiconductor device capable of wireless communication according to 

claim 10, wherein the comparator is any one of a differential circuit, a differential 

amplifier, or an operational amplifier. 

15. A semiconductor device capable of wireless communication according to 

25 claim 14, wherein the antenna is in an annular form or a helical form. 
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16. A semiconductor device capable of wireless communication according to 

claim 10, wherein the semiconductor device comprises a battery capable of being 

charged wirelessly. 

17. A semiconductor device capable of wireless communication according to 

claim 10, wherein the analog buffer circuit comprises a source follower circuit, a 

constant current circuit, and an inverter circuit. 

18. A semiconductor device capable of wireless communication comprising: 

an antenna circuit; 

a first demodulation signal generation circuit which is configured to 

demodulate a signal of which modulation factor is greater than or equal to 90% and less 

than or equal to 100%; 

a second demodulation signal generation circuit which demodulates a signal of 

which modulation factor is greater than or equal to 10% and less than or equal to 30%; 

and 

a selective circuit which selects which of the first demodulation signal 

generation circuit and the second demodulation signal generation circuit is used when a 

20 signal is received through the antenna circuit, 

25 

wherein the second demodulation signal generation circuit includes a 

comparator, and 

wherein the comparator and a wiring of a power supply potential or a reference 

potential are connected through a transistor. 
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19. A semiconductor device capable of wireless communication according to 

claim 18, wherein the selective circuit comprises an inverter circuit, a flip-flop circuit, 

and a selector circuit. 

20. A semiconductor device capable of wireless communication according to 

claim 18, wherein the second demodulation signal generation circuit comprises: 

a first demodulation circuit having one input portion electrically connected to 

an antenna circuit; 

a second demodulation circuit, which demodulates an electric signal having a 

10 polarity opposite to an electric signal of the first demodulation circuit, the second 

demodulation circuit electrically connected to the input portion; 

a first bias circuit having an input portion electrically connected to an output 

portion of the first demodulation circuit; and 

a second bias circuit having an input portion electrically connected to an output 

15 portion of the second demodulation circuit; 

wherein the comparator has a first input portion and a second input portion, 

wherein an output portion of the first bias circuit is electrically connected to the 

first input portion, and 

wherein an output portion of the second bias circuit is electrically connected to 

20 the second input portion. 

21. A semiconductor device capable of wireless communication according to 

claim 18, wherein the second demodulation signal generation circuit comprises: 

a first demodulation circuit having one input portion electrically connected to 

25 an antenna circuit; 
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a second demodulation circuit, which demodulates an electric signal having a 

polarity opposite to an electric signal of the first demodulation circuit, the second 

demodulation circuit electrically connected to the input portion; 

a first bias circuit having an input portion electrically connected to an output 

5 portion of the first demodulation circuit; 

a second bias circuit having an input portion electrically connected to an output 

portion of the second demodulation circuit; 

a comparator having a first input portion and a second input portion; and 

an analog buffer circuit electrically connected to an output portion of the 

10 comparator, 

20 

wherein an output portion of the first bias circuit is electrically connected to the 

first input portion, and 

wherein an output portion of the second bias circuit is electrically connected to 

the second input portion. 

22. A semiconductor device capable of wireless communication according to 

claim 18, wherein the comparator is any one of a differential circuit, a differential 

amplifier, or an operational amplifier. 

23. A semiconductor device capable of wireless communication according to 

claim 22, wherein the antenna is in an annular form or a helical form. 

24. A semiconductor device capable of wireless communication according to 

claim 18, wherein the semiconductor device comprises a battery capable of being 

25 charged wirelessly. 
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25. A semiconductor device capable of wireless communication according to 

claim 18, wherein the analog buffer circuit comprises a source follower circuit, a 

constant current circuit, and an inverter circuit. 


