
DESCRIPTION SEMICONDUCTOR DEVICE TECHNICALFIELD [0001] The present
invention relates to a semiconductor device which can transmit and receive
information without contact by utilizing wireless communication, and
relates to a card on which the semiconductor device is mounted. 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 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. [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 each having a circuit formed of a transistor or
the like. Such semiconductor devices capable of wireless communication
perform wireless communication with a reader/writer through an
electromagnetic wave, so that the semiconductor devices can 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 that data is extracted and
information is transmitted and received. [0004] In the semiconductor
devices capable of wireless communication, there is anamplitude modulation
method (an amplitude shift keying (ASK) modulation method) as one of
methods which modulate a carrier wave. An ASK modulation method is a 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, 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 whose modulation factor is decided by the transmission side device,
and demodulates the modulation signal. [0005] However, 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 of element characteristics arises and it has been
difficult to manufacture a semiconductor device having favorable electrical
characteristics. Thus, a semiconductor device having favorable electrical
characteristics by various improvements has been proposed (for example, see
Reference 1). [0006] Note that the semiconductor device capable of wireless
communication 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 IC 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
modulation method which identifies data by change of a modulation position
of a pulse position. There are ISO/IEC 14443 (TYPE-A) and ISO/IEC 18000-3
as standards similar to ISO/IEC 15693. In ISO/IEC 14443 (TYPE-A), it is
prescribed that a carrier wave whose modulation factor is 100 % is
expressed with an amplitude whose initialamplitude (an amplitude in a state
without modulation) is less than or equal to 5 %. [0007] Thus, various
methods are considered in order to demodulate a signal whose modulation
factor is 10 % (for example, see Reference 2). 



[References] [0008] Reference 1: Japanese Published Patent Application No.
2006-268838 Reference 2: Japanese Published Patent Application No.
2000-172806 DISCLOSURE OF INVENTION [0009] 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,
a demodulation signal is output from the analog circuit and input into the
digital circuit. When a carrier wave whose 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 particular, in a semiconductor device
which operates by generating power from a power supply through a received
electromagnetic wave, it is difficult to obtain power from a power supply
when an amplitude of a carrier wave whose 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 whose modulation factor is small (for example, a carrier wave
whose modulation factor is 10 %); thus, the semiconductor device can be
operated. [0010] FIG. 5 illustrates a circuit configuration of a general
demodulation circuit which demodulates a carrier wave whose modulation
factor is 100 %. The circuit illustrated in FIG. 5 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 414. In the circuit illustrated in
FIG. 5, 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 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)-
[0011] Although the circuit illustrated in FIG. 5 can demodulate a carrier
wave whose modulation factor is large (for example, a carrier wave whose
modulation factor is 100 %), it is difficult to demodulate a carrier wave
whose modulation factor is small (for example, a carrier wave whose
modulation factor is 10 %). [0012] Thus, the following are provided in a
circuit configuration proposed in Reference 2: a first demodulation means
which regenerates data included in a type A (ISO 14443-A) 100 % ASK signal
(a signal whose modulation factor is 100 %) from a signal received by a
coil; a second demodulation means which regenerates data included in a type
B (ISO 14443-B) 10 % ASK signal (a signal whose modulation factor is 10 %)
from the signal received by the coil; and a selector means which selects
regenerated signals. Further, in order to control the selector means, a
control means which generates a selection control signal by input of the
regenerated signal and a transmission signal of the first demodulation
means is provided. [0013] Then, the regenerated signal of the first
demodulation means or the regenerated signal of the second demodulation
means is selected by the selector means. In addition, the selector means is
controlled by the control means, so that it selects the regenerated signal
of the second demodulation means (or the first demodulation means). When
the first demodulation means detects regeneration data, the selector means
selects the regenerated signal of the first demodulation means (or the
second demodulation means)from then. [0014] In Reference 2, the selector
means is usually set so as to select the regenerated signal of the second
demodulation means (or the first demodulation means). The regenerated
signal of the first demodulation means (100 % ASK signal regenerated by the
first demodulation means) is input to the control means, and a selection
control signal for selecting the regenerated signal of the first
demodulation means (100 %ASK 



signal regenerated by the first demodulation means) is output from the
control means to the selector means. When the selection control signal is
input to the selection means, the selector means selects the regenerated
signal of the first demodulation means from then. With this structure, the
regenerated signal of the first demodulation means is selected; therefore,
even when the coil receives a signal transmitted to a reader/writer again,
the signal is not demodulated again. [0015] However, in the structure
disclosed in Reference 2, when a 10 % ASK signal which is received by the
coil is input to the first demodulation means after the regenerated signal
of the first demodulation means is selected by selection means, the data
included in the 10 % ASK signal cannot be regenerated in the first
demodulation means which regenerates data included in a 100 % ASK signal.
In addition, even when the data included in the 10 % ASK signal is
regenerated, the 10 % ASK signal is not guaranteed to be successively and
stably regenerated due to the variation in characteristics of transistors
which are included in the first demodulation means. [0016] In Reference 2,
when a transmission signal from a card to a reader/writer is generated, the
regenerated signal of the second demodulation means (or the first
demodulation means) is selected by the selector means which is controlled
by the control means. Then, in accordance with the selected regenerated
signal, a read/write control means reads and writes data from and to a
nonvolatile memory such as an EEPROM. [0017] By the communication method
which is standardized with the ISO/IEC 15693,as an anti-collision measure
in the case where a reader/writer and a plurality of cards (or chips)
transmit and receive data to and from each other, a data communication
region is set to be divided into a plurality of regions at given time
intervals and data is set to be transmitted and received by any one of the
divided regions. By this communication method, data is transmitted and
received by the other cards in some cases in a region which is different
from a region where a certain card transmits and receives data. [0018]
However, in the structure disclosed in Reference 2, since the regenerated
signal 



of the second demodulation means (or the first demodulation means) is
selected using a signal transmitted by the card (or chip) by selection
means, the signal transmitted by the card (or chip) is not demodulated by
the second demodulation means (or the first demodulation means) even when
the signal is received again. Meanwhile, signals transmitted from the other
cards (or chips) to the reader/writer are received and demodulated by the
second demodulation means (or the first demodulation means), whereby the
card might be disabled or malfunction. [0019] In view of the foregoing
problems, an object of one embodiment of the present invention is to
provide a semiconductor device which can transmit and receive data to and
from a reader/writer without interruption of operation by a transmission
signal to the reader/writer, and a card (or chip) having the semiconductor
device. [0020] In addition, another object of one embodiment of the present
invention is to provide a card (or chip) which can stably transmit and
receive data to and from a reader/writer even in the case where there is a
plurality of cards (or chips) on which semiconductor devices that can
transmit and receive data to and from the reader/writer are mounted. [0021]
According to one embodiment of the present invention, a semiconductor
device includes an antenna circuit, a first demodulation signal generation
circuit, a second demodulation signal generation circuit, and a logic
circuit which selects a demodulation signal from the first demodulation
signal generation circuit or a demodulation signal from the second
demodulation signal generation circuit. Specifically, thesemiconductor
device includes the first demodulation signal generation circuit which
generates a demodulation signal from a carrier wave whose modulation factor
is 100 %, the second demodulation signal generation circuit which generates
a demodulation signal from a carrier wave whose modulation factor is. 10 %
and a carrier wave whose modulation factor is 100 %, and the logic circuit
to which a demodulation signal from the first demodulation signal
generation circuit and a demodulation signal from the second demodulation
signal generation circuit are input and which selects either of the
demodulation signals. 



[0022] Further, when the antenna circuit receives data from the
reader/writer, the logic circuit selects the demodulation signal from the
second demodulation signal generation circuit. When the antenna circuit
transmits data to the reader/writer, the logic circuit selects the
demodulation signal from the first demodulation signal generation circuit.
[0023] Note that the logic circuit refers to a circuit formed of a
plurality of circuits 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
modulation factor which is 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 greater than
or equal to 95 % and less than or equal to 100 % is typically described as
"the case where a modulation factor is 100 %". [0025] According to one
embodiment of the present invention, a semiconductor device includes a
first demodulation signal generation circuit which demodulates a carrier
wave whose modulation factor is 100 %, a second demodulation signal
generation circuit which demodulates a carrier wave whose modulation factor
is 10 % and a carrier wave whose modulation factor is 100 %, and a logic
circuit which selects a demodulation signal from the first demodulation
signal generation circuit or ademodulation signal from the second
demodulation signal generation circuit. The semiconductor device can
demodulate both the carrier wave whose modulation factor is 100 % and the
carrier wave whose modulation factor is 10 %. [0026] Further, when an
antenna circuit transmits data, a signal demodulated by the first
demodulation signal generation circuit is selected by the logic circuit,
and when the antenna circuit receives data, a signal demodulated by the
second demodulation signal generation circuit is selected by the logic
circuit. Therefore, even when the semiconductor device receives a
transmission signal to the reader/writer, the 



transmission signal is not demodulated again, so that the operation of the
semiconductor device is not hindered by the transmission signal. Thus, in a
card (or chip) on which the semiconductor device is mounted, the card can
be prevented from being disabled or malfunctioning due to the card itself,
and data can be stably transmitted and received to and from the
reader/writer. [0027] Further, when the antenna circuit transmits data, the
signal demodulated by the first demodulation signal generation circuit is
selected by the logic circuit, and when the antenna circuit receives data,
the signal demodulated by the second demodulation signal generation circuit
is selected by the logic circuit. Therefore, even in the case where there
is a plurality of cards (or chips) other than a card on which the
semiconductor device is mounted (hereinafter referred to as one card) in a
range where the one card is operated by a magnetic field that is generated
by the reader/writer, transmission signals from the other cards are not
demodulated even when the transmission signals are received by the one
card. Accordingly, the one card can be prevented from being disabled or
malfunctioning due to the other cards, whereby data can be stably
transmitted and received to and from the reader/writer. BRIEF DESCRIPTION
OF DRAWINGS [0028] FIG. 1 illustrates an example of a semiconductor device
according to one embodiment of the present invention. FIG. 2 illustrates an
example of a semiconductor device according to oneembodiment of the present
invention. FIG. 3 illustrates an example of a semiconductor device
according to one embodiment of the present invention. FIG. 4 illustrates an
example of a power supply circuit of a semiconductor device according to
one embodiment of the present invention. FIG. 5 illustrates an example of a
first demodulation signal generation circuit of a semiconductor device
according to one embodiment of the present invention. FIG. 6 illustrates an
example of a second demodulation signal generation circuit of a
semiconductor device according to one embodiment of the present invention.
FIGS. 7A and 7B each illustrate an example of a first and a second 



demodulation circuit of a semiconductor device, and 7C to 7E each
illustrate an example of a semiconductor device according to one embodiment
of the present invention. FIGS. 8A and 8B each illustrate an example of
part of the first demodulation circuit formed using any of the TFTs
illustrated in FIGS. 7D and 7E, and 8C and 8D each illustrate an example of
part of the second demodulation circuit formed using any of the TFTs
illustrated in FIGS. 7D and 7E according to one embodiment of the present
invention. FIG. 9 illustrates an example of a bias circuit of a
semiconductor device according to one embodiment of the present invention.
FIG. 10 illustrates an example of a comparator of a semiconductor device
according to one embodiment of the present invention. FIGS. H A and H B
each illustrate an example of an analog buffer circuit of a semiconductor
device according to one embodiment of the present invention. FIG. 12
illustrates an example of a selector circuit of a semiconductor device
according to one embodiment of the present invention. FIGS. 13A to 13E each
illustrate an example of the shape of the antenna provided in the antenna
circuit of a semiconductor device according to one embodiment of the
present invention. FIGS. 14A to 14F are diagrams of the present invention
each illustrating Embodiment 3. FIG. 15 illustrates an example of a
semiconductor device according to oneembodiment of the present invention.
BEST MODE FOR CARRYING OUTTHE INVENTION [0029] Hereinafter, embodiments
will be fully described by way of embodiments with reference to the
accompanying drawings. However, the present invention can be implemented
with many different modes, and various changes and modifications for the
modes and details thereof will be apparent to those skilled in the art
unless such changes and modifications depart from the spirit and scope of
the present invention. Therefore, the present invention should not be
interpreted as being limited to what is described in the embodiments
described below. 



[0030] (Embodiment 1) In this embodiment, an example of a structure of a
semiconductor device will be described with reference to FIG. 1, FIG. 2,
FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIGS. 7A to 7E, FIGS. 8A to 8D, FIG. 9,
FIG. 10, FIGS. H A and HB, FIG. 12, and FIGS. 13A to 13E. [0031] A
semiconductor device of this embodiment is illustrated in FIG. 2. In FIG.
2, a semiconductor device 100 transmits and receives data wirelessly to and
from a reader/writer 110 by an electromagnetic wave. Further, the
semiconductor device 100 is wirelessly supplied with power from the
reader/writer 110. [0032] The reader/writer H Ois preferably connected to a
control device 120 through a communication line 118. The control device 120
controls communication between the reader/writer 110 and the semiconductor
device 100. [0033] The semiconductor device 100 includes an antenna circuit
102, an analog circuit 104, a logic circuit 106, and a memory circuit 108.
The analog circuit 104 has a demodulation signal generation circuit 150, a
modulation circuit 114, and a power supply circuit 112. The logic circuit
106 includes a selector circuit 109. [0034]Alternatively, the semiconductor
device 100 does not include an antenna but does include a wiring used to
connect to an external antenna. 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. [0035] Note that the
semiconductor device 100 is not limited to the above structure, and a
central processor unit (hereinafter referred to as a CPU), a sensor
element, an interface circuit, a clock generation circuit, or the like may
be included. [0036] 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 logic 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 divider circuit may be used for
the clock generation circuit. [0037] A semiconductor device capable of
wireless communication is roughly classified into an active type which
incorporates a power supply (a power storage 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 describes the case where the semiconductor device 100 is the
passive type in which an electromagnetic wave is received from the
reader/writer 110 and power of the electromagnetic wave is supplied to
drive the semiconductor device; however, this embodiment is not limited
thereto. That is, the semiconductor device 100 may be the active type.
[0038] 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 100 from the
reader/writer 110. As to a modulation method of acarrier wave, there are an
amplitude shift keying (ASK) modulation method which changes amplitude, a
frequency shift keying (FSJC) modulation method which changes a frequency,
and a phase shift keying (PSK) modulation method which changes a phase. In
this embodiment, the case in which an electromagnetic wave modulated by the
ASK modulation method is demodulated is described. [0039] The antenna
circuit 102 includes an antenna and a capacitor. The antenna circuit 102
receives a radio wave (or an electromagnetic wave) which is transmitted
from the reader/writer 110, and inputs the signal obtained at this time
into each of the power supply circuit 112, a first demodulation signal
generation circuit 201, and a second demodulation signal generation circuit
202 included in the analog circuit 104 



(see FIG. 3). Further, the antenna circuit 102 receives a signal whose
carrier wave is modulated from the modulation circuit 114, and transmits a
response signal to the reader/writer 110. [0040] The antenna circuit 102
preferably having an antenna and a rectifier circuit receives an
electromagnetic wave, which is transmitted from the reader/writer 110, 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 110. [0041] The shape of the antenna
that can be used for this embodiment is not particularly limited.
Therefore, an electromagnetic coupling method, an electromagnetic induction
method, an electromagnetic wave method, or the like can be used as a
transmission method of a signal for the antenna circuit 102 included in the
semiconductor device 100. 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. In this embodiment, an
electromagnetic induction method having a communication frequency of 13.56
MHz is preferably used as the signal transmission method. [0042]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 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. [0043] In the case of using a microwave
method (for example, UHF band (860 MHz 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 set as appropriate in consideration of the wavelength of radio waves
used for the signal transmission. For example, the conductive film which
functions as 



an antenna can be formed into a linear shape (for example, a dipole
antenna), a flat shape (for example, a patch antenna), or the like. The
shape of the conductive film which functions as an antenna is not limited
to a linear shape, and the conductive film which functions as an antenna
may be formed in a curved-line shape, a meander shape, or a combination
thereof, in consideration of a wavelength of an electromagnetic wave.
[0044] FIGS. 13A to 13E each illustrate an example of the shape of the
antenna provided in the antenna circuit 102. For example, as illustrated in
FIG. 13A, a layout 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. 13B, a thin antenna 1203 may be
arranged all around a chip 1202 provided with a signal processing circuit.
Further, as illustrated in FIG. 13C, a layout may be used in which an
antenna whose 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 circuit. Moreover, the shape of an antenna may be
arranged like that of an antenna 1207, which is omnidirectional (can
receive signals from any direction) in 180, with respect to a chip 1206
provided with a signal processing circuit, as illustrated in FIG. 13D. As a
further alternative, as illustrated in FIG. 13E, a layout may be used in
which an antenna whose 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.[0045] In FIGS. 13A to 13E, a connection
method between the chip 1200 or the like 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. 13A 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 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). [0046] 



Further, an appropriate length of the antenna differs depending on the
frequency of a signal to receive. 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 wavelength) or approximately 30 mm (a
quarter of the wavelength). [0047] In FIG. 4, 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 certain potential difference from a reference potential (a
potential of a reference line). [0048] The logic circuit 106 performs the
following operations in accordance with a signal demodulated by the
demodulation signal generation circuit 150: analyzing instructions;
controlling input and output of data in the memory circuit 108; outputting
data to be transmitted to the outside to the modulation circuit 114; and
the like. The logic circuit 106 preferably includes a decoding circuit, an
information judging circuit, or the like, in addition to a circuit which
generates a signal for controlling the memory circuit 108. Further, the
logic 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 110, into an encoded signal.
[0049]First, the logic circuit 106 receives a power supply voltage, two
types of demodulation signals (a first demodulation signal and a second
demodulation signal), and a reset signal which are supplied from the analog
circuit 104. Then, the first demodulation signal or the second demodulation
signal is selected by the selector circuit 109 in accordance with the
condition of the waveform of the first demodulation signal, whereby a
demodulation signal from the demodulation signal generation circuit to be
used is determined. Next, the demodulation signal selected by the selector
circuit 109 is transmitted to another circuit included in the logic circuit
106, and an instruction which is given so that the semiconductor device 100
operates in accordance with the content of data included in the selected
demodulated signal is executed. For example, when the content of data
included in the selected demodulation signal is to "reply to the 



reader/writer 110 with data in the memory circuit 108", the data is
obtained by accessing the memory circuit 108 and transmitted to a
modulation circuit 204. [0050] The memory circuit 108 includes a memory
element and stores at least unique data (individual identification
information or the like) in the semiconductor device 100. Writing and
reading of data in the memory circuit 108 are controlled by a memory
control circuit 132 (see FIG. 1) included in the logic circuit 106. [0051]
The memory circuit 108 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 electrically erasable programmable read only memory
(EEPROM), and a flash memory. [0052] An organic memory has a simple
structure in which a layer including an organic compound is interposed
between a pair of conductive layers; therefore, it has at least two
advantages. One is that a manufacturing process can be simplified, which
allows cost reduction. The other advantage is that it is easy to reduce the
area of the memory circuit and increase in capacitor can be realized easily
because a stack which is easily downsized is used. Therefore, it is
preferable to use the organic memory for thememory circuit 108. [0053] As
long as the memory content of the memory element is unique data (individual
identification information or the like) in 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 used in
processing performed by the semiconductor device 100 is stored, a volatile
memory may be used. Particularly in the case of a so-called passive type in
which the semiconductor device 100 has no cell, a nonvolatile memory is
preferably used. Further, in consideration of security, a non-rewritable
memory is preferably used to store the unique data in the semiconductor
device 100. 



[0054] The analog circuit 104 has the demodulation signal generation
circuit 150 and the modulation circuit 114. The demodulation signal
generation circuit 150 demodulates and extracts data included in the
induced voltage which is generated in the antenna circuit 102. The
modulation circuit 114 transmits load modulation to the antenna circuit 102
in accordance with a signal from the logic circuit 106. [0055] The analog
circuit 104 in FIG. 2 is described in detail with reference to FIG. 3. The
analog circuit 104 includes the power supply circuit 112, the first
demodulation signal generation circuit 201, the second demodulation signal
generation circuit 202, the 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, and an input portion 218.
[0056] The analog circuit 104 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
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 the selector
circuit109 included in the logic circuit 106 and outputs the first
demodulation signal. The fourth output portion 214 is connected to the
selector circuit 109 included in the logic circuit 106 and outputs the
second demodulation signal. The input portion 218 is connected to the logic
circuit 106, and inputs thereinto a response signal which is modulated by
the modulation circuit 204. The first demodulation signal generation
circuit 201 demodulates a carrier wave whose modulation factor is 100 %,
and the second demodulation signal generation circuit 202 demodulates a
carrier wave whose modulation factor is 10 % and a carrier wave whose
modulation factor is 100 %. Note that a regulator circuit, a limiter
circuit, or the like may be added to a right place of the analog circuit
104 in order to stabilize the operation of the semiconductor device 100.
[0057] 



The logic circuit 106 of FIG. 2 will be described in detail with reference
to FIG. 1. The logic circuit 106 includes the selector circuit 109, a
control circuit 131, and the memory control circuit 132. [0058] A
demodulation signal (hereinafter also referred to as a first demodulation
signal) from the first demodulation signal generation circuit 201 and a
demodulation signal (hereinafter also referred to as a second demodulation
signal) from the second demodulation signal generation circuit 202 are
input to the selector circuit 109. The selector circuit 109 is controlled
by the control circuit 131 through a selection line. The selector circuit
109 selects the demodulation signal from the first demodulation signal
generation circuit 201 or the demodulation signal from the second
demodulation signal generation circuit 202, and outputs the selected
demodulation signal to the control circuit 131. [0059] The memory control
circuit 132 generates an address signal in accordance with an enable (EN)
signal which is input from the control circuit 131, and writes data to the
memory circuit 108 and reads data from the memory circuit 108 through an
address line. [0060] The control circuit 131 generates a signal to be
transmitted to the modulationcircuit 204 in accordance with data obtained
by accessing the memory circuit 108. In addition, the control circuit 131
generates an enable (EN) signal and outputs it to the memory control
circuit 132. [0061] The control circuit 131 may include a decode circuit
which decodes the demodulation signal from the first demodulation signal
generation circuit 201 or the demodulation signal from the second
demodulation signal generation circuit 202, or an encode circuit which
encodes data obtained from the memory circuit 108. In addition, the control
circuit 131 may include an information judging circuit which analyzes and
judges an instruction in accordance with the demodulated signal. The
information judging circuit may have a cyclic redundancy checking (CRC)
function which identifies a transmission error. 



[0062] An operation of the logic circuit 106 of FIG. 1 is described below.
The selector circuit 109 is controlled by the control circuit 131 so as to
select the demodulation signal from the first demodulation signal
generation circuit 201 or the demodulation signal from the second
demodulation signal generation circuit 202. "HIGH" in describing the
operation below represents a state that the selector circuit 109 is
controlled so as to select the demodulation signal from the first
demodulation signal generation circuit 201. "LOW" in describing the
operation below represents a state that the selector circuit 109 is
controlled so as to select the demodulation signal from the second
demodulation signal generation circuit 202. [0063] When the semiconductor
device 100 exists in a range where the semiconductor device 100 is operated
by a magnetic field that is generated by the reader/writer 110, the control
circuit 131 is fixed to LOW, and the semiconductor device 100 receives a
signal from the reader/writer 110. Next, when the semiconductor device 100
receives an end of frame (hereinafter referred to as EOF) signal which
indicates termination of an instruction from the reader/writer 110, the
control circuit 131 is set to HIGH, and counting of the EOF signal is
started using a reference clock. [0064] Next, when a count value of the EOF
signal reaches a given value, the controlcircuit 131 is set to LOW, and the
semiconductor device 100 receives a signal from the reader/writer 110.
[0065] Here, specifications of standards are different between the
transmission of an EOF signal with a carrier wave whose modulation factor
is 100 % and the transmission of an EOF signal with a carrier wave whose
modulation factor is 10 %. When the EOF signal whose modulation factor is
100 % is transmitted by the reader/writer 110, a period which is sandwiched
between the EOF signal transmitted from the reader/writer 110 and the next
EOF signal (hereinafter the period is referred to as a slot) needs standard
response time (corresponds to a period which is necessary for response from
the semiconductor device 100) plus 323.3 ms. On the other hand, when the
EOF signal whose modulation factor is 10 % is transmitted, the slot needs a
period which is 



necessary for transmission of a start of frame (also referred to as SOF)
signal (the period corresponds to a period which is necessary for part of
response from the semiconductor device 100) plus 323.3 ms. [0066] Whether
the count value of the EOF signal reaches the given value is determined by
measurement of the standard response time. During the standard response
time, a signal of the first demodulation signal generation circuit 201 is
selected. Accordingly, even when a transmission signal (response signal of
the semiconductor device 100) from the semiconductor device 100 to the
reader/writer 110 is received by the semiconductor device 100, the
transmission signal is not demodulated again. In addition, even when
transmission signals from the other cards (chips) are received by the
semiconductor device 100, the transmission signals are not demodulated by
the second demodulation signal generation circuit (or the first
demodulation signal generation circuit). On the other hand, a carrier wave
whose modulation factor is 100 %, which is transmitted from the
reader/writer 110, can be demodulated by the first demodulation signal
generation circuit 201. [0067] After the standard response time, the signal
of the second demodulation signal generation circuit 202 is selected until
the next EOF signal is received by thesemiconductor device 100. Therefore,
both the carrier wave whose modulation factor is 10 % and the carrier wave
whose modulation factor is 100 % which are transmitted from the
reader/writer 110 can be demodulated. [0068] As described above, the
semiconductor device of this embodiment includes the first demodulation
signal generation circuit 201 which demodulates a carrier wave whose
modulation factor is 100 %, the second demodulation signal generation
circuit 202 which demodulates a carrier wave whose modulation factor is 10
% and a carrier wave whose modulation factor is 100 %, and the logic
circuit 106 which selects the demodulation signal from the first
demodulation signal generation circuit 201 or the demodulation signal from
the second demodulation signal generation circuit 202. The semiconductor
device of this embodiment can demodulate both the carrier wave whose
modulation factor is 100 %and the carrier wave whose modulation factor is
10 %. 



[0069] In addition, when the antenna circuit 102 transmits a signal to the
reader/writer 110, a signal demodulated in the first demodulation signal
generation circuit 201 is selected, and when the antenna circuit 102
receives a signal from the reader/writer 110, a signal demodulated in the
second demodulation signal generation circuit 202 is selected. Therefore,
even when the semiconductor device 100 receives a transmission signal to
the reader/writer 110, the transmission signal is not demodulated again, so
that the operation of the semiconductor device 100 is not hindered by the
transmission signal. Thus, in the card (or chip) on which the semiconductor
device 100 is mounted, the card can be prevented from being disabled or
malfunctioning due to the card itself, and data can be stably transmitted
and received to and from the reader/writer. [0070] In addition, when the
antenna circuit 102 transmits a signal to the reader/writer 110, the signal
demodulated in the first demodulation signal generation circuit 201 is
selected, and when the antenna circuit 102 receives a signal from the
reader/writer 110, the signal demodulated in the second demodulation signal
generation circuit 202 is selected. Therefore, even in the case where there
is a plurality of cards (or chips) other than a card on which the
semiconductor device 100 is mounted (hereinafter referred toas one card) in
a range where the one card is operated by a magnetic field that is
generated by the reader/writer 110, transmission signals from the other
cards are not demodulated even when the transmission signals are received
by the one card. Thus, the one card can be prevented from being disabled or
malfunctioning due to the other cards, whereby data can be stably
transmitted and received to and from the reader/writer 110. [0071] Note
that in the case where there is not different card (or chip) in a range
where a card is operated by a magnetic field that is generated by the
reader/writer 110, the control circuit 131 may have a function of selecting
a signal of the second demodulation signal generation circuit 202. [0072]
An example of the structure of the power supply circuit 112 of FIG. 3 will
be described with reference to FIG. 4. The power supply circuit 112
includes a first 



capacitor 300, a rectification portion 302 provided with two diodes, a
smoothing capacitor 304, and a delay circuit 306 provided with a resistor
and a capacitor. The power supply circuit 112 smoothes the output signal
from the antenna circuit 102 and generates the power supply voltage and the
reset signal of the logic circuit. The power supply voltage is adjusted so
as to have a stable potential having a certain potential difference from a
reference potential (a potential of a reference line). [0073] The
modulation circuit 204 modulates a carrier wave transmitted from the
reader/writer 110 in accordance with a signal which is output from the
logic circuit 106, and transmits a response signal to the antenna circuit
102. [0074] The first demodulation signal generation circuit 201
demodulates data included in a 100 % ASK signal included in an induced
voltage which is generated in the antenna circuit 102. The second
demodulation signal generation circuit 202 demodulates data included in a
100 % ASK signal and data included in a 10 % ASK signal which are included
in an induced voltage which is generated in the antenna circuit 102.
[0075]An example of the structure of the first demodulation signal
generation circuit 201 of FIG. 3 will be described with reference to FIG.
5. The first demodulation signal generation circuit 201 includes the input
portion 400, the output portion 416, the first diode 404, the second diode
406, the first resistor 408, the second resistor 412, the first capacitor
402, the second capacitor 410, and the third capacitor 414. [0076] 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 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). [0077] 



An example of the structure of the second demodulation signal generation
circuit 202 of FIG. 3 will be described with reference to FIG. 6. Note that
FIGS. 7A to 7E, FIG. 9, and FIG. 10 are also referred to for description.
The second demodulation signal generation circuit 202 includes an input
portion 500, an output portion 514, a first demodulation circuit 502, a
second demodulation circuit 504, a first bias circuit 506, a second bias
circuit 508, a comparator 510, and an analog buffer circuit 512. Although
an example of these circuit configurations provided in the second
demodulation signal generation circuit 202 is described below, this
embodiment is not limited to the following description. [0078] The input
portion 500 of the second demodulation signal generation circuit 202 is
connected to an input portion 600 of the first demodulation circuit 502 and
an input portion 620 of the second demodulation circuit 504. An output
portion 616 of the first demodulation circuit 502 is connected to an input
portion 800A of the first bias circuit 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 connected to the output portion 514 of the second
demodulation signal generation circuit 202. [0079] Note that the first
demodulation circuit 502 and the second demodulation circuit 504 are
included in the second demodulation signal generation circuit 202, and a
polarity of electric signal demodulated in the first demodulation circuit
502 is opposite to that of electric signal demodulated in the second
demodulation circuit 504. [0080] 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. 6. As the analog buffer
circuit 512, a source follower circuit, a common source amplifier circuit,
a constant current circuit, and the like can be given. Noise can be removed
more 



effectively and a demodulation signal can be generated stably by providing
the analog buffer circuit 512. [0081] FIGS. 7A to 7E each illustrate an
example of a structure of a demodulation circuit which is used as each of
the first demodulation circuit 502 and the second demodulation circuit 504
of FIG. 6. FIG. 7A illustrates the first demodulation circuit 502. The
first demodulation circuit 502 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. [0082] 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 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 thirdcapacitor 614 are connected to
a reference potential (Vss). [0083] FIG. 7B illustrates the second
demodulation circuit 504. The second demodulation circuit 504 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 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 of one ends of the first resistor 628, the second
capacitor 630, and the second resistor 632. The other end of 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 (Vss). [0084] 



The first diode 604 and the second diode 606 of FIG. 7A, and the first
diode 624 and the second diode 626 of FIG. 7B may be formed of
diode-connected TFTs. [0085] A diode illustrated in FIG. 7C, a
diode-connected n-channel TFT illustrated in FIG. 7D, and a diode-connected
p-channel TFT illustrated in FIG. 7E are equivalent as a circuit. FIGS. 8A
and 8B each illustrate an example in which a circuit 618, which is part of
the first demodulation circuit 502, illustrated in FIG. 7A is formed using
any of the TFTs illustrated in FIGS. 7D and 7E. Similarly, FIGS. 8C and 8D
each illustrate an example in which a circuit 638, which is part of the
second demodulation circuit 504, illustrated in FIG. 7B is formed using any
of the TFTs illustrated in FIGS. 7D and 7E. [0086] In the circuit
illustrated in FIG. 8A, n-channel TFTs 700 and 702 are used as
diode-connected TFTs. In the circuit illustrated in FIG. 8B, p-channel TFTs
704 and 706 are used as diode-connected TFTs. In the circuit illustrated in
FIG. 8C, n-channel TFTs 708 and 710 are used as diode-connected TFTs. In
the circuit illustrated in FIG. 8D, p-channel TFTs 712 and 714 are used as
diode-connected TFTs. [0087]The first demodulation circuit 502 and the
second demodulation circuit 504 may be formed by combination of the
circuits illustrated in FIGS. 7A to 7E and FIGS. 8A to 8D. The first
demodulation circuit 502 having the circuit 618 illustrated in FIG. 8A and
the second demodulation circuit 504 having the circuit 638 illustrated in
FIG. 8C may be used, or the first demodulation circuit 502 having the
circuit 618 illustrated in FIG. 8B and the second demodulation circuit 504
having the circuit 638 illustrated in FIG. 8C may be used. Alternatively,
the first demodulation circuit 502 having the circuit 618 illustrated in
FIG. 8B and the second demodulation circuit 504 having the circuit 638
illustrated in FIG. 8D may be used. Preferably, the circuit 618 illustrated
in FIG. 8A is used for the first demodulation circuit 502, and the circuit
638 illustrated in FIG. 8C is used for the second demodulation circuit 504.
In general, carriers of an n-channel TFT have higher mobility than those of
a p-channel TFT. Therefore, n-channel TFTs are used for all TFTs included
in the first demodulation circuit 502 and the second demodulation circuit
504, so that operation performance of the circuits can be improved. 



[0088] The first capacitor 602 illustrated in FIG. 7A (or the first
capacitor 622 illustrated in FIG. 7B) compensates center of a wave
amplitude (a reference line). The first resistor 608 (or the first resistor
628) makes a constant current flowing through a point b\ (or a point b2).
Further, the second capacitor 610 (or the second capacitor 630) is provided
to smooth a waveform. The resistivity 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 resistivity of the first resistor 608 (or the
first resistor 628) is small, amplitude is reduced; and when the
resistivity 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.
[0089] FIG. 9 illustrates an example of a structure of the first bias
circuit 506 and the second bias circuit 508 of FIG. 6. As for a bias
circuit illustrated in FIG. 9, an inputportion (hereinafter referred to as
the input portion 800A in a first bias circuit and the input portion 800B
in a second bias circuit) is connected to one end of a capacitor
(hereinafter referred to as a capacitor 802A in the first bias circuit and
a capacitor 802B in the second bias circuit). The other end of the
capacitor is connected to each of one ends of a first resistor (hereinafter
referred to as a first resistor 804A in the first bias circuit and a first
resistor 804B in the second bias circuit) and a second resistor
(hereinafter referred to as a second resistor 806A in the first bias
circuit and a second resistor 806B in the second bias circuit), and is
connected to an output portion (hereinafter referred to as the output
portion 808A in the first bias circuit and the output portion 808B in the
second bias circuit). The other end of the first resistor is connected to a
power supply potential (VDD) and the other end of the second resistor is
connected to a reference potential (Vss)- [0090] The capacitor isolates the
input portion galvanically from the power supply potential to which the
first resistor is connected. 



[0091] The first resistor and the second resistor are provided to generate
a difference between potentials of signals which are input into the first
input portion 900A and the second input portion 900B included in the
comparator 510. Resistivity R1A of the first resistor 804A, resistivity RIB
of the first resistor 804B, resistivity R A of the second resistor 806A,
and resistivity R2B of the second resistor 806B satisfy R1A  R2A and R1B
R2B. Preferably, R1A = R2B and RIB = 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. [0092] An
example of the structure of the comparator 510 of FIG. 6 will be described
with reference to FIG. 10. The comparator 510 includes a circuit having a
function of comparing two signals, such as a differential circuit, a
differential amplifier, or an operational amplifier. The comparator 510
includes the first input portion 900A, the second input portion 900B, a
first TFT 902 (n-channel), a second TFT 904 (n-channel), a third TFT 906
(r-channel), a fourth TFT 908 (p-channel), a fifth TFT 910 (n-channel),and
the output portion 912. [0093] In the comparator 510, the first input
portion 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
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-channel), and the
second input portion 900B is connected to a gate electrode of the second
TFT 904 (n-channel). One of a source electrode and a drain electrode of the
first TFT 902 (n-channel) is connected to one of a source electrode and a
drain electrode of the fifth TFT 910 (n-channel) and one of a source
electrode and a drain electrode of the second TFT 904 (n-channel). The
other of the source electrode and the drain electrode of the first TFT 902
(n-channel) is connected to one of a source electrode and a drain electrode
of the third TFT 906 (p-channel), a gate electrode of the third TFT 906
(p-channel), and a gate electrode of the fourth TFT 908 (p-channel). The
other of the source electrode and the drain electrode of the third TFT 906
(p-channel) is connected to the power supply potential (VDD) - One of a
source electrode and a drain electrode of the fourth 



TFT 908 (p-channel) is connected to the power supply potential (VDD) - The
other of the source electrode and the drain electrode of the fourth TFT 908
(p-channel) is connected to the output portion 912 and the other of the
source electrode and the drain electrode of the second TFT 904 (n-channel).
A gate electrode of the fifth TFT 910 (n-channel) is connected to a
constant current circuit 1003 of an analog buffer circuit (see FIG. HA) or
a constant current circuit 1023 (see FIG. HB) through a wiring 914. The
other of the source electrode and the drain electrode of the fifth TFT 910
(n-channel) is connected to a reference potential (Vss)- [0094]
Hereinafter, an operation of the comparator 510 is described. [0095] A
current which flows through the fifth TFT 910 (n-channel) which is a
constant current source of the comparator 510 is set Id. Here, since the
third TFT 906 (p-channel) and the fourth TFT 908 (p-channel) form a current
mirror circuit, a current of Id/2 flows between the source electrode and
the drain electrode of each of the third TFT 906 (p-channel) and the fourth
TFT 908 (p-channel).[0096] 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-channel) and the second TFT 904
(n-channel) is expressed by the following formula (1). Here, Vgs is a gate
voltage; Vds, a drain voltage; Vth, a threshold voltage; k,
transconductance coefficient; and l, channel length modulation coefficient.
[0097] [Formula 1] = = ( - )2(l - ) (1) [0098] 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
Vgs (902) which is the gate voltage of the first TFT 902 (n-channel) and
Vgs (904) which is the gate voltage of the second TFT 904 (n-channel): Vgs
(902) > Vgs (904). The 



transconductance coefficient Jc 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 length modulation
coefficient l is a constant which is determined by manufacturing processes
of each of the TFTs. Therefore, when the transconductance coefficients k
and the channel length modulation coefficients l of the first TFT 902
(n-channel) and the second TFT 904 (n-channel) are equivalent, the
following relation is formed between the drain voltage VdS of the first TFT
902 (n-channel) and the drain voltage VdS of the second TFT 904
(n-channel): Vds (902) < Vds (904). Next, when the case where a potential
of the first input portion 900A is 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 VdSof the first TFT 902
(n-channel) and the drain voltage Vds of the second TFT 904 (n-channel):
Vds (902) > Vds (904). [0099] As described above, the potential of the
output portion 912 fluctuatesdepending on the magnitude relation of
potentials of the input portion 900A and the input portion 900B. [0100]
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 obtained. [0101] Next, an example of the circuit configuration
of the analog buffer circuit 512 of FIG. 6 will be described with reference
to FIGS. H A and HB. The analog buffer circuit of FIG. H A includes an
input portion 1000, a wiring 1006, 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 1006 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. [0102] An analog buffer circuit of FIG. H B includes an input
portion 1020, a wiring 1026, a source follower circuit 1021, the constant
current circuit 1023, and an output 



portion 1025. The wiring 1026 is connected to the wiring 914 of the
comparator 510. The output portion 1025 is connected to the output portion
514 of the second demodulation signal generation circuit 202. [0103] Noise
can be removed more effectively and a demodulation signal can be generated
stably by providing such an analog buffer circuit 512 as illustrated in
FIG. H A or HB. [0104] The selective circuit 109 which processes the first
demodulation signal and the second demodulation signal is described with
reference to FIG. 12. [0105] The selector circuit 109 illustrated in FIG.
12 includes a first input portion 1100, a second input portion 1102, a
third input portion HlO, and an output portion 1112. [0106] The first input
portion 1100 is connected to an A terminal of a selector 1108,and the
second input portion 1102 is connected to a B terminal of the selector
1108. Note that connections to the A and B terminals of the selector 1108
are not limited thereto. The first input portion 1100 may be connected to
the B terminal of the selector 1108, and the second input portion 1102 may
be connected to the A terminal of the selector 1108. The third input
portion 1110 is connected to an S terminal of the selector 1108. A Q
terminal which is an output portion of the selector 1108 is connected to
the output portion 1112. [0107] The operation of the selector circuit 109
of FIG. 12 will be 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 potential. [0108] One
of a signal of the first input portion 1100 and a signal of the second
input portion 1102 is selected in accordance with a potential state ("HIGH"
or "LOW") of the third input portion 1110, and the selected signal is
output to the output portion 1112. The selected signal is output from the
output portion 1112 to another logic circuit. 



[0109] Next, the selector 1108 is described. The selector 1108 selects the
A terminal or the B terminal by a potential of the S terminal, and a
potential of the selected terminal is output to the Q terminal. For
example, in a configuration where a potential of the A terminal is output
to the Q terminal when a potential of the S terminal is HIGH, a potential
of the B terminal is output to the Q terminal if a potential of the S
terminal is LOW. Here, the terminal A is selected when a potential of the S
terminal is HIGH and the B terminal is selected when a potential of the S
terminal is LOW; however, a relation between a potential of the S terminal
and selection of the A terminal or the B terminal is not limited to the
above and can be freely set. [0110] As described above, the semiconductor
device of this embodiment includes a first demodulation signal generation
circuit which demodulates a carrier wave whose modulation factor is 100 %,
a second demodulation signal generation circuit whichdemodulates a carrier
wave whose modulation factor is 10 % and a carrier wave whose modulation
factor is 100 %, and a logic circuit which selects a demodulation signal
from the first demodulation signal generation circuit or a demodulation
signal from the second demodulation signal generation circuit. The
semiconductor device of this embodiment can demodulate both the carrier
wave whose modulation factor is 100 % and the carrier wave whose modulation
factor is 10 %. [0111] In addition, when the antenna circuit 102 transmits
a signal to the reader/writer 110, a signal demodulated in the first
demodulation signal generation circuit is selected, and when the antenna
circuit 102 receives a signal from the reader/writer 110, a signal
demodulated in the second demodulation signal generation circuit is
selected. Therefore, even when the semiconductor device receives a
transmission signal to the reader/writer, the transmission signal is not
demodulated again, so that the operation of the semiconductor device is not
hindered by the transmission signal. Thus, in the card (or chip) on which
the semiconductor device is mounted, the card can be prevented from being
disabled or malfunctioning due to the card itself, and data can be stably
transmitted and received to and from the reader/writer. [0112] 



In addition, when the antenna circuit 102 transmits a signal to the
reader/writer 110, the signal demodulated in the first demodulation signal
generation circuit is selected, and when the antenna circuit 102 receives a
signal from the reader/writer 110, the signal demodulated in the second
demodulation signal generation circuit is selected. Therefore, even in the
case where there is a plurality of cards (or chips) other than a card on
which the semiconductor device is mounted (hereinafter referred to as one
card) in a range where the one card is operated by a magnetic field that is
generated by the reader/writer, transmission signals from the other cards
are not demodulated even when the transmission signals are received by the
one card. Thus, the one card can be prevented from being disabled or
malfunctioning due to the other cards, whereby data can be stably
transmitted and received to and from the reader/writer. [0113] (Embodiment
2)This embodiment will describe an example of a structure of a
semiconductor device in a mode which is different from Embodiment 1.
Specifically, this embodiment will employ a structure in which the
semiconductor device described in Embodiment 1 is provided with a battery.
[0114] A semiconductor device of this embodiment is illustrated in FIG. 15.
In FIG. 15, a semiconductor device 1800 transmits and receives data
wirelessly to and from a reader/writer 1811 by an electromagnetic wave.
Further, the semiconductor device 1800 is wirelessly supplied with power
from the reader/writer 1811. [0115] 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. [0116] The semiconductor device 1800
includes an antenna circuit 1802, an analog circuit 1824, a logic circuit
1809, a memory circuit 1810, and a battery 1804. The analog circuit 1824
includes a charging and discharging circuit 1803, a power supply circuit
1805, a first demodulation signal generation circuit 1806, a second
demodulation signal generation circuit 1807, and a modulation circuit 1808.
The logic circuit 1809 



includes a selector circuit 1814. [0117] Alternatively, the semiconductor
device 1800 does not include an antenna but does include a wiring used to
connect to an external antenna. 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. [0118] Note that 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 CPU), or the like. [0119] Note that the clock generation
circuit refers to a circuit which generates andsupplies to each circuit a
clock signal having a frequency necessary for operations of the logic
circuit 1809, the memory circuit 1810, and the like based on an AC induced
voltage which is generated in the antenna circuit 1802. An oscillation
circuit or a frequency divider circuit may be used for the clock generation
circuit. [0120] In the semiconductor device 1800 of this embodiment, an
electromagnetic wave from the reader/writer 1811 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, this embodiment is not limited thereto. As a structure in
which a cell is contained inside the semiconductor device, power may be
supplied from the cell to drive the semiconductor device. [0121] In the
electromagnetic wave transmitted from the reader/writer 1811, 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 1800 from the reader/writer
1811. As to a modulation method of a carrier wave, there are an amplitude
shift keying (ASK) modulation method which 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. 



This embodiment describes the case in which an electromagnetic wave
modulated by the ASK modulation method is demodulated. [0122] The antenna
circuit 1802 includes an antenna and a capacitor. The antenna circuit 1802
receives a radio wave (or an electromagnetic wave) which is transmitted
from the reader/writer 1811, and inputs the signal obtained at this time
into each of the charging and discharging circuit 1803, the power supply
circuit 1805, the first demodulation signal generation circuit 1806, and
the second demodulation signal generation circuit 1807. Further, the
antenna circuit 1802 receives a signal whose carrier wave is modulated from
the modulation circuit 1808, and transmits a response signal to the
reader/writer 1811. [0123] The antenna circuit 1802 preferably having an
antenna and a rectifier circuitreceives an electromagnetic wave, which is
transmitted from the reader/writer 1811, and 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. [0124] The shape of the antenna that can be used for
this embodiment is not 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 length and shape may be provided in accordance with the
transmission method. In this embodiment, an electromagnetic induction
method having a communication frequency of 13.56 MHz is preferably used as
the signal transmission method. [0125] 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 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 a change of the
electric field density. [0126] In the case of using a microwave method (for
example, UHF band (860 MHz 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 set
as appropriate in consideration of the wavelength of radio waves used for
the signal transmission. For example, the conductive film which functions
as an antenna can be formed into a linear shape (for example, a dipole
antenna), a flat shape (for example, a patch antenna), or the like. The
shape of the conductive film which functions as the antenna is not limited
to a linear shape, and the conductive film which functions as the antenna
may be formed in a curved-line shape, a meander shape, or a combination
thereof, in consideration of a wavelength of an electromagnetic wave.[0127]
Note that the shape of the antenna provided in the antenna circuit 1802,
and a method for connecting a chip provided with a signal processing
circuit and the antenna are similar to those of the antenna provided in the
antenna circuit 102 included in the semiconductor device 100 of Embodiment
1 (see FIGS. 13A to 13E). Therefore, the detailed descriptions are omitted
in this embodiment. [0128] In addition, the antenna circuit 1802 may have a
plurality of antennas. An antenna which is used to transmit and receive
data with respect to an electromagnetic wave from the reader/writer 1811
can be separately provided from an antenna which supplies power with
respect to an electromagnetic wave from the reader/writer 1811 when the
antenna circuit 1802 has a plurality of antennas. Further, a radio wave or
the like which is transmitted from other than the reader/writer 1811 (other
readers/writers or the like) can be received when the 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. [0129] 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). [0130] The logic circuit 1809 selects a
first demodulation signal which is output from the first demodulation
signal generation circuit 1806 or a second demodulation signal which is
output from the second demodulation signal generation circuit 1807.
Further, the logic circuit 1809 performs the following operations in
accordance with the selected demodulated signal: analyzing instructions;
controlling input and output of data in the memory circuit 1810; outputting
data to be transmitted to the outside to the modulation circuit 1808; and
the like. The logic circuit 1809 preferably includes a decoding circuit, an
information judging circuit, or the like, in addition to a circuit which
generates a signal for controlling the memory circuit 1810. Further, the
logic circuit 1809 may include a circuit which converts part or all of data
extracted from the memorycircuit 1810, which is transmitted from the
semiconductor device 1800 to the reader/writer 1811, into an encoded
signal. [0131] The logic circuit 1809 of this embodiment has a structure
similar to that of the logic circuit 106 of Embodiment 1. Therefore, the
detailed descriptions are omitted in this embodiment. [0132] The memory
circuit 1810 includes a memory element and stores at least unique data
(individual identification information or the like) in the semiconductor
device 1800. Writing and reading of data in the memory circuit 1810 are
controlled by a memory control circuit included in the logic circuit 1809.
[0133] 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 electrically erasable programmable read only
memory (EEPROM), and a flash memory. [0134] 



An organic memory has a simple structure in which a layer including an
organic compound is interposed between a pair of conductive layers;
therefore, it has at least two advantages. One is that a manufacturing
process can be simplified, which allows cost reduction. The other advantage
is that it is easy to reduce the area of the memory circuit and that an
increase in capacitance can be realized easily because a stack which is
easily downsized is used. Therefore, it is preferable to use the organic
memory for the memory circuit 1810. [0135] As long as the memory content of
the memory element is unique data (individual identification information or
the like) in 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 used in processing performed by the
semiconductor device 1800 is stored, a volatile memory may be
used.Particularly in the case of a so-called passive type in which the
semiconductor device 1800 has no cell, a nonvolatile memory is preferably
used. Further, in consideration of security, a non-rewritable memory is
preferably used to store the unique data in the semiconductor device 1800.
[0136] 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. The first demodulation signal generation circuit 1806 and the second
demodulation signal generation circuit 1807 which are included in the
semiconductor device 1800 of this embodiment are similar to the first
demodulation signal generation circuit 201 and the second demodulation
signal generation circuit 202 which are included in the semiconductor
device 100 and described in Embodiment 1. Therefore, the detailed
descriptions are omitted in this embodiment. [0137] The modulation circuit
1808 transmits load modulation to the antenna circuit 1802 in accordance
with a signal from the logic circuit 1809. [0138] Signals demodulated in
the first demodulation signal generation circuit 1806 



and the second demodulation signal generation circuit 1807 are input into
the logic circuit 1809, individual identification information or the like
stored in the memory circuit 1810 is extracted by the logic circuit 1809,
and the extracted information is encoded in the logic circuit 1809 and
input into the modulation circuit 1808. The modulation circuit 1808
performs modulation in accordance with the input signals, and transmits
information from the antenna circuit 1802 to the reader/writer 1811. The
information received in the reader/writer 1811 is transmitted to the
control device 1813 through the communication line 1812. [0139] The
charging and discharging circuit 1803 in FIG. 15 supplies power to each
circuit included in the semiconductor device 1800. In addition, electricity
is stored in the battery 1804 using the charging and discharging circuit
1803 by an external wireless signal which is input from the antenna circuit
1802 through the rectifier circuit providedin the antenna circuit 1802, and
power can be supplied to each circuit using power stored in the battery
1804 through the charging and 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 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 this
embodiment can be stably operated with certainty. [0140] Note that a
battery in this specification refers to a cell which can recover a
continuous using time by charging. Note that a sheet-like cell is
preferably used as the battery. For example, the battery can be made
smaller by using a lithium cell, preferably a lithium polymer cell using a
gel-like electrolyte, a lithium ion cell, or the like. Naturally, any cell
can be used as the battery as long as it can be charged, and a cell which
can be charged and discharged such as a nickel metal hydride cell or a
nickel cadmium cell may be used, or a capacitor having high capacity or the
like may be used. [0141] As described above, in the semiconductor device of
this embodiment, when the antenna circuit 102 transmits a signal to the
reader/writer 110, a demodulation signal 



from the first demodulation signal generation circuit is selected, and when
the antenna circuit 102 receives a signal from the reader/writer 110, a
demodulation signal from the second demodulation signal generation circuit
is selected. Therefore, even when the semiconductor device receives a
transmission signal to the reader/writer, the transmission signal is not
demodulated again, so that the operation of the semiconductor device is not
hindered by the transmission signal. Thus, in a card (or chip) on which the
semiconductor device is mounted, the card can be prevented from being
disabled or malfunctioning due to the card itself, and data can be stably
transmitted and received to and from the reader/writer. [0142] In addition,
when the antenna circuit 102 transmits a signal to the reader/writer 110,
the signal demodulated in the first demodulation signal generation circuit
is selected, and when the antenna circuit 102 receives a signal from the
reader/writer 110,the signal demodulated in the second demodulation signal
generation circuit is selected. Therefore, even in the case where there is
a plurality of cards (or chips) other than a card on which the
semiconductor device is mounted (hereinafter referred to as one card) in a
range where the one card is operated by a magnetic field that is generated
by the reader/writer, transmission signals from the other cards are not
demodulated even when the transmission signals are received by the one
card. Thus, the one card can be prevented from being disabled or
malfunctioning due to the other cards, whereby data can be stably
transmitted and received to and from the reader/writer. [0143] Similarly to
a conventional semiconductor device, the semiconductor device of this
embodiment includes a battery; therefore, shortage of power for
transmitting and receiving unique information, due to deterioration of a
cell over time, can be compensated. In particular, in the semiconductor
device of this embodiment, a comparator which needs a large amount of power
is provided in the second demodulation signal generation circuit, whereby
it is highly effective to provide a battery as described in this
embodiment. [0144] The semiconductor device of this embodiment 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 with
external electromagnetic waves without directly being connected to a
charger. As a result, unlike a conventional active-type RFID tag, it is not
necessary to check remaining capacity of a cell or change cells, 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 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. [0145] Note that a battery is described as an example of
a power storage portion in this embodiment; however, the semiconductor
device can be formed using a capacitor instead of the battery. Although
various capacitors can be used, a small and high-capacity double-layer
electrolytic capacitor or a small and high-capacitystacked-layer ceramic
capacitor is preferably used. Alternatively, both a battery and a capacitor
may also be provided as the power storage portion. [0146] (Embodiment 3) A
semiconductor device which is manufactured by applying any of the foregoing
embodiments can be used for various objects and systems utilizing a
function of transmitting or receiving electromagnetic waves. Examples in
which a semiconductor device 2000 using any of the foregoing embodiments is
mounted are illustrated in FIGS. 14Ato 14F. [0147] As items having the
semiconductor device of any of the foregoing embodiments, the following
items are given: keys (see FIG. 14A), paper money, coins, securities,
bearer bonds, certificates (such as a driver's license or a resident's
card, see FIG. 14B), books, containers (such as a Petri dish, see FIG.
14C), packaging containers (such as wrapping paper or bottles, see FIGS.
14E and 14F), recording media (such as a disk or video tape), vehicles
(such as a bicycle), personal accessories (such as bags or eyeglasses, see
FIG. 14D), food, clothing, livingware, electronic appliances (such as a
liquid crystal display device, an EL display device, a television device,
or a portable terminal), or the like. The semiconductor device of any of
the foregoing embodiments 



is fixed by being attached to the surfaces of the objects having various
shapes as described above, or being embedded into the objects. [0148]
Further, a system having the semiconductor device of any of the foregoing
embodiments refers to a goods management system, a system having an
authentication function, a distribution system, or the like. [0149] Note
that this embodiment can be implemented in combination with Embodiment 1 or
Embodiment 2. This application is based on Japanese Patent Application
serial No. 2008-241436 filed with Japan Patent Office on September 19,
2008, the entire contents of which are hereby incorporated by
reference.CLAIMS 1. A semiconductor device comprising: an antenna circuit
which transmits and receives data; a first demodulation signal generation
circuit configured to demodulate a signal from the antenna circuit, whose
modulation factor is greater than or equal to 95 % and less than or equal
to 100 %; a second demodulation signal generation circuit configured to
demodulate a signal from the antenna circuit, whose modulation factor is
greater than or equal to 95 % and less than or equal to 100 % and a signal
from the antenna circuit, whose modulation factor is greater than or equal
to 10 % and less than or equal to 30 %; and a logic circuit configured to
select one of a signal demodulated in the first demodulation signal
generation circuit and a signal demodulated in the second demodulation
signal generation circuit to modulate the signal selected by the logic
circuit, wherein the logic circuit is configured to select the signal
demodulated in the first demodulation signal generation circuit when the
antenna circuit transmits data, and wherein the logic circuit is configured
to select the signal demodulated in the second demodulation signal
generation circuit when the antenna circuit receives data. 2. A
semiconductor device comprising: an antenna circuit which transmits and
receives data; 



a first demodulation signal generation circuit configured to demodulate a
signal from the antenna circuit, whose modulation factor is greater than or
equal to 95 % and less than or equal to 100 %; a second demodulation signal
generation circuit configured to demodulate a signal from the antenna
circuit, whose modulation factor is greater than or equal to 95 % and less
than or equal to 100 % and a signal from the antenna circuit, whose
modulation factor is greater than or equal to 10 % and less than or equal
to 30 %; and a logic circuit configured to select one of a signal
demodulated in the first demodulation signal generation circuit and a
signal demodulated in the seconddemodulation signal generation circuit to
modulate a signal from the antenna circuit, wherein the second demodulation
signal generation circuit includes: a first demodulation circuit; a second
demodulation circuit; and a comparator electrically connected to the first
demodulation circuit and the second demodulation circuit, wherein a
polarity of electric signal demodulated in the first demodulation circuit
is opposite to that of electric signal demodulated in the second
demodulation circuit, wherein the logic circuit is configured to select the
signal demodulated in the first demodulation signal generation circuit when
the antenna circuit transmits data, and wherein the logic circuit is
configured to select the signal demodulated in the second demodulation
signal generation circuit when the antenna circuit receives data. 3. The
semiconductor device according to claim 2, wherein the second demodulation
signal generation circuit includes: a first bias circuit electrically
connected to the first demodulation circuit and the comparator; and a
second bias circuit electrically connected to the second demodulation
circuit and the comparator. 4. The semiconductor device according to claim
2, wherein the second demodulation signal generation circuit includes an
analog buffer circuit electrically connected to the comparator. 5. The
semiconductor device according to claim 1 or 2, 



wherein the logic circuit includes: a selector circuit configured to select
one of the signal demodulated in the first demodulation signal generation
circuit and the signal demodulated in the second demodulation signal
generation circuit; and a control circuit configured to control the
selector circuit.6. The semiconductor device according to claim 1 or 2,
further comprising a memory circuit and a modulation circuit, wherein the
logic circuit includes: a selector circuit configured to select one of the
signal demodulated in the first demodulation signal generation circuit and
the signal demodulated in the second demodulation signal generation
circuit; a memory control circuit configured to read data from the memory
circuit; and a control circuit configured to control the selector circuit
and the memory control circuit, and wherein the control circuit is
configured to generate a signal to be transmitted to the modulation circuit
in accordance with the data read from the memory circuit. 7. The
semiconductor device according to any one of claims 1 to 6, further
comprising a battery in which electricity is stored by a signal which is
input from the antenna circuit. 8. A card on which the semiconductor device
according to any one of claims 1 to 7 is mounted. 




