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(54) Semiconductor device for data storage

(57) A semiconductor device which stores data, and
in which refresh operation is not needed, is described.
The semiconductor device comprises at least a transistor
and a capacitor. A first electrode of the capacitor is con-
nected to a reference voltage terminal and a second elec-
trode of the capacitor is connected to one of a source

and a drain of the transistor. The semiconductor device
is configured to put, when necessary, the other of the
source and the drain of the transistor to the same poten-
tial as the one of the source and the drain, so that charge
accumulated in the capacitor, which is connected to the
one of the source and the drain of the transistor, does
not leak through the transistor.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to semiconductor
devices. Alternatively, the present invention relates to
wireless tags (also referred to as RFID tags, IC tags, or
ID tags) utilizing a radio frequency identification (RFID)
technology.

2. Description of the Related Art

[0002] RFID is widely used as an automatic identifica-
tion technology by which data can be transmitted and
received wirelessly. RFID includes an RFID tag which
can store data and a reader/writer which performs read-
ing of data stored in the RFID and writing of data to the
RFID tag. An RFID tag includes, for example, a semicon-
ductor device including an antenna and the like.
[0003] An RFID tag is provided with a session flag (Pat-
ent document 1). The session flag prevents additional
reading of data after the data is read from the RFID tag.
For example, the session flag has two kinds of states of
"A" and "B" and the state is set from "A" to "B" when data
is read out.
[0004] After data is read and the state of a session flag
is set from "A" to "B", a memory provided in the RFID tag
holds the state of the session flag even when an electric
wave is temporarily interrupted. Even if the RFID tag re-
ceives an electric wave, the RFID tag is "already read
out" because the session flag is in the state "B." There-
fore, additional reading of the data stored in the RFID
tag, which has already been read out is prevented.
[0005] Usually, a memory includes a transistor and a
capacitor, and charge is accumulated in the capacitor to
store data. However, charge accumulated in a capacitor
leaks due to various causes. A major cause of leakage
current is quantum tunneling. Accordingly, refresh oper-
ation is needed. Note that refresh operation is operation
in which data is rewritten to a memory by accumulating
charge on the basis of data which is stored in the memory
and read out from the memory before charge is com-
pletely lost.

[Reference]

[0006]

[Patent Document 1] Japanese Published Patent
Application No. 2006-155247

SUMMARY OF THE INVENTION

[0007] It is an object in an embodiment of the present
invention to provide a semiconductor device which stores
data with a transistor and a capacitor and which does not

need refresh operation.
[0008] An embodiment of the present invention is an
RFID tag which includes a transistor and a capacitor con-
nected to one of a source and a drain of the transistor,
and which applies voltage corresponding to charge ac-
cumulated in the capacitor to the other of the source and
the drain of the transistor. The charge accumulated is
held in the capacitor without leakage through the other
of the source and the drain of the transistor.
[0009] An embodiment of the present invention is an
RFID tag including a first transistor, a second transistor,
a third transistor, a capacitor, and a buffer. One of a
source and a drain of the second transistor is electrically
connected to an input terminal. The other of the source
and the drain of the second transistor is electrically con-
nected to one of a source and a drain of the first transistor
and one of a source and a drain of the third transistor.
The other of the source and the drain of the first transistor
is electrically connected to one electrode of the capacitor
and an input of the buffer. The other electrode of the
capacitor is electrically connected to a reference voltage
terminal. An output of the buffer is electrically connected
to an output terminal and the other of the source and the
drain of the third transistor.
[0010] The second transistor and the first transistor are
turned on, charge is accumulated in the capacitor from
the input terminal, and data corresponding to the charge
is outputted from the buffer to the output terminal. After
the charge is accumulated, the second transistor and the
first transistor are turned off and the third transistor is
turned on, and an output from the buffer is applied to one
of the source and the drain of the first transistor, so that
the charge accumulated in the capacitor is held in the
capacitor without leakage through one of the source and
the drain of the first transistor.
[0011] The second transistor and the first transistor are
turned on, the charge accumulated in the capacitor is
released to one of the source and the drain of the first
transistor, and data corresponding to release of the
charge is outputted from the buffer to the output terminal.
After the charge is accumulated, the second transistor
and the first transistor are turned off and the third tran-
sistor is turned on, and the output from the buffer is ap-
plied to one of the source and the drain of the first tran-
sistor.
[0012] An embodiment of the present invention is an
RFID tag including a first inverter, a second inverter, a
first transistor, a capacitor, a buffer, a first analog switch,
a second analog switch, a first input terminal, a second
input terminal, and an output terminal. The first input ter-
minal is electrically connected to an input of the first in-
verter. An output of the first inverter is electrically con-
nected to an input of the second inverter, a second control
terminal of the first analog switch, and a first control ter-
minal of the second analog switch. An output of the sec-
ond inverter is electrically connected to a first control ter-
minal of the first analog switch, a second control terminal
of the second analog switch, and a gate of the first tran-
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sistor. The second input terminal is electrically connected
to an input of the first analog switch. An output of the first
analog switch is electrically connected to one of a source
and a drain of the first transistor and an output of the
second analog switch. The other of the source and the
drain of the first transistor is electrically connected to one
electrode of the capacitor and an input of the buffer. The
other electrode of the capacitor is electrically connected
to a reference voltage terminal. An output of the buffer
is electrically connected to the output terminal and an
input of the second analog switch.
[0013] Outputs from the first inverter and the second
inverter, which are obtained by inputting a signal to the
first inverter from the first input terminal, turn on the first
analog switch and the first transistor and turn off the sec-
ond analog switch, charge is accumulated in the capac-
itor from the second input terminal, and data correspond-
ing to the charge is outputted to the output terminal from
the buffer. After the charge is accumulated, outputs from
the first inverter and the second inverter, which are ob-
tained by inputting a signal to the first inverter from the
first input terminal, turn off the first analog switch and the
first transistor and turn on the second analog switch, and
an output from the buffer is applied to one of the source
and the drain of the first transistor, so that the charge
accumulated in the capacitor is held in the capacitor with-
out leakage through one of a source and a drain of the
first transistor.
[0014] Outputs from the first inverter and the second
inverter, which are obtained by inputting a signal to the
first inverter from the first input terminal, turn on the first
analog switch and the first transistor and turn off the sec-
ond analog switch, charge accumulated in the capacitor
is released to one of the source and the drain of the first
transistor, and data corresponding to release of the
charge is outputted to the output terminal from the buffer.
After the charge is released, outputs from the first inverter
and the second inverter, which are obtained by inputting
a signal to the first inverter from the first input terminal,
turn off the first analog switch and the first transistor and
turn on the second analog switch, and an output from the
buffer is applied to one of the source and the drain of the
first transistor.
[0015] An embodiment of the present invention is an
RFID tag including an antenna, a rectifier circuit, a logic
portion, and a flag holding circuit. The antenna is con-
nected to the rectifier circuit. The rectifier circuit is con-
nected to the logic portion and the flag holding circuit.
The logic portion includes a clock circuit, a logic circuit,
a demodulation circuit, and a modulation circuit. The flag
holding circuit includes a first transistor, a second tran-
sistor, a third transistor, a capacitor, and a buffer. A gate
of the second transistor is electrically connected to the
logic circuit. One of a source and a drain of the second
transistor is electrically connected to an input terminal.
The other of the source and the drain of the second tran-
sistor is electrically connected to one of a source and a
drain of the first transistor and one of a source and a drain

of the third transistor. A gate of the first transistor is elec-
trically connected to the logic circuit. The other of the
source and the drain of the first transistor is electrically
connected to one electrode of the capacitor and an input
of the buffer. The other electrode of the capacitor is elec-
trically connected to a reference voltage terminal. An out-
put of the buffer is electrically connected to an output
terminal and the other of the source and the drain of the
third transistor. A gate of the third transistor is electrically
connected to the logic circuit.
[0016] The rectifier circuit supplies power supply volt-
age to the logic portion and the flag holding circuit.
[0017] The second transistor and the first transistor are
turned on, charge based on a signal received by the an-
tenna is accumulated in the capacitor from the input ter-
minal, and data corresponding to the charge is outputted
from the buffer to the output terminal. After the charge is
accumulated, the second transistor and the first transistor
are turned off and the third transistor is turned on, and
an output from the buffer is applied to one of the source
and the drain of the first transistor, so that the charge
accumulated in the capacitor is held in the capacitor with-
out leakage through one of the source and the drain of
the first transistor.
[0018] The second transistor and the first transistor are
turned on, the charge accumulated in the capacitor is
released to one of the source and the drain of the first
transistor, and data corresponding to release of the
charge is outputted from the buffer to the output terminal.
After the charge is accumulated, the second transistor
and the first transistor are turned off and the third tran-
sistor is turned on, and the output from the buffer is ap-
plied to one of the source and the drain of the first tran-
sistor.
[0019] An embodiment of the present invention is an
RFID tag including an antenna, a rectifier circuit, a logic
portion, and a flag holding circuit. The antenna is con-
nected to the rectifier circuit. The rectifier circuit is con-
nected to the logic portion and the flag holding circuit.
The logic portion includes a clock circuit, a logic circuit,
a demodulation circuit, and a modulation circuit. The flag
holding circuit includes a first inverter, a second inverter,
a first transistor, a capacitor, a buffer, a first analog
switch, a second analog switch, a first input terminal, a
second input terminal, and an output terminal. The an-
tenna is electrically connected to the second input termi-
nal. The first input terminal is electrically connected to an
input of the first inverter. An output of the first inverter is
electrically connected to an input of the second inverter,
a second control terminal of the first analog switch, and
a first control terminal of the second analog switch. An
output of the second inverter is electrically connected to
a first control terminal of the first analog switch, a second
control terminal of the second analog switch, and a gate
of the first transistor. The second input terminal is elec-
trically connected to an input of the first analog switch.
An output of the first analog switch is electrically connect-
ed to one of a source and a drain of the first transistor
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and an output of the second analog switch. The other of
the source and the drain of the first transistor is electrically
connected to one electrode of the capacitor and an input
of the buffer. The other electrode of the capacitor is elec-
trically connected to a reference voltage terminal. An out-
put of the buffer is electrically connected to the output
terminal and an input of the second analog switch.
[0020] The rectifier circuit supplies power supply volt-
age to the logic portion and the flag holding circuit.
[0021] Outputs from the first inverter and the second
inverter, which are obtained by inputting a signal to the
first inverter from the first input terminal, turn on the first
analog switch and the first transistor and turn off the sec-
ond analog switch, charge based on a signal received
by the antenna is accumulated in the capacitor from the
second input terminal, and data corresponding to the
charge is outputted to the output terminal from the buffer.
After the charge is accumulated, outputs from the first
inverter and the second inverter, which are obtained by
inputting a signal to the first inverter from the first input
terminal, turn off the first analog switch and the first tran-
sistor and turn on the second analog switch, and an out-
put from the buffer is applied to one of the source and
the drain of the first transistor, so that the charge accu-
mulated in the capacitor is held in the capacitor without
leakage through one of a source and a drain of the first
transistor.
[0022] Outputs from the first inverter and the second
inverter, which are obtained by inputting a signal to the
first inverter from the first input terminal, turn on the first
analog switch and the first transistor and turn off the sec-
ond analog switch, charge accumulated in the capacitor
is released to one of the source and the drain of the first
transistor, and data corresponding to release of the
charge is outputted to the output terminal from the buffer.
After the charge is released, outputs from the first inverter
and the second inverter, which are obtained by inputting
a signal to the first inverter from the first input terminal,
turn off the first analog switch and the first transistor and
turn on the second analog switch, and an output from the
buffer is applied to one of the source and the drain of the
first transistor.
[0023] According to an embodiment of the present in-
vention, data can be stored with a transistor and a ca-
pacitor, and can be held without requiring refresh oper-
ation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the accompanying drawings:

FIGS. 1A and 1B are diagrams each illustrating Em-
bodiment 1 of the present invention;
FIG. 2 is a diagram illustrating Embodiment 1 of the
present invention;
FIGS. 3A and 3B are diagrams illustrating Embodi-
ment 1 of the present invention;
FIGS. 4A and 4B are diagrams illustrating Embodi-

ment 1 of the present invention;
FIGS. 5A and 5B are diagrams each illustrating Em-
bodiment 2 of the present invention;
FIG. 6 is a diagram illustrating Embodiment 2 of the
present invention;
FIGS. 7A and 7B are diagrams illustrating Embodi-
ment 2 of the present invention;
FIGS. 8A and 8B are diagrams illustrating Embodi-
ment 2 of the present invention;
FIG. 9 is a diagram illustrating Embodiment 3 of the
present invention;
FIG. 10 is a diagram illustrating Embodiment 4 of the
present invention;
FIG. 11 is a diagram illustrating Embodiment 4 of the
present invention;
FIGS. 12A, 12B, and 12C are diagrams illustrating
Embodiment 5 of the present invention;
FIGS. 13A, 13B, and 13C are diagrams illustrating
Embodiment 5 of the present invention;
FIG. 14 is a diagram illustrating Embodiment 5 of the
present invention;
FIGS. 15A and 15B are diagrams illustrating Embod-
iment 5 of the present invention;
FIG. 16 is a diagram illustrating Embodiment 5 of the
present invention; and
FIG. 17 is a diagram illustrating Embodiment 5 of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Embodiments of the present invention will be
described below with reference to the drawings. Refer-
ence numerals which denote the same parts are used in
common in different drawings.

(Embodiment 1)

[0026] An RFID tag disclosed in this embodiment in-
cludes a circuit including a first transistor 201, a second
transistor 202, a capacitor 203, a buffer 204, and a third
transistor 205 (FIG. 1A). Reference numerals 206 and
207 show an input terminal and an output terminal re-
spectively. Reference numerals 208 to 210 each denote
a control terminal. Reference numeral 211 shows a ref-
erence voltage terminal.
[0027] The first transistor 201, the second transistor
202, and the third transistor 205 are n-channel transistors
or p-channel transistors. The buffer 204 is, for example,
a circuit in which a first inverter 10 and a second inverter
11 are connected in series (FIG. 1 B).
[0028] A gate of the second transistor 202 is electrically
connected to the control terminal 208. One of a source
and a drain of the second transistor 202 is electrically
connected to the input terminal 206. The other of the
source and the drain of the second transistor 202 is elec-
trically connected to one of a source and a drain of the
first transistor 201 and one of a source and a drain of the
third transistor 205.
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[0029] A gate of the first transistor 201 is electrically
connected to the control terminal 209. The other of the
source and the drain of the first transistor 201 is electri-
cally connected to one electrode of the capacitor 203 and
an input of the buffer 204.
[0030] The other electrode of the capacitor 203 is elec-
trically connected to the reference voltage terminal 211.
[0031] An output of the buffer 204 is electrically con-
nected to the output terminal 207 and the other of the
source and the drain of the third transistor 205.
[0032] A gate of the third transistor 205 is electrically
connected to the control terminal 210.
[0033] Next, operation an RFID tag is described. In this
embodiment, data "1" represents high voltage and data
"0" represents low voltage.

(Initial State)

[0034] In an initial state, the first transistor 201, the
second transistor 202, and the third transistor 205 are
off. Charge is not accumulated in the capacitor 203. An
output from the buffer 204 is "0" and output data from the
output terminal 207 is "0" (FIG. 2).

(The case where output data is set to be "1")

[0035] The case where charge is accumulated in the
capacitor 203 to set the output of the buffer 204 is set to
be "1" and output data of the output terminal 207 is set
to be "1" is described.
[0036] The second transistor 202 is turned on by volt-
age from the control terminal 208. Further, the first tran-
sistor 201 is turned on by voltage from the control terminal
209. Then, current corresponding to high voltage "1"
flows from the input terminal 206 and charge is accumu-
lated in the capacitor 203.
[0037] When the charge is accumulated in the capac-
itor 203, an output of the buffer 204 is "1" and output data
of the output terminal 207 is "1" (FIG. 3A).
[0038] When the output data of the output terminal 207
is "1," the second transistor 202 is turned off by the volt-
age from the control terminal 208, and the first transistor
201 is turned off by the voltage from the control terminal
209. Further, the third transistor 205 is turned on by a
voltage from the control terminal 210 and the output volt-
age ("1") of the buffer 204 is applied to a node 212 which
is between the second transistor 202 and the first tran-
sistor 201. Since the output voltage ("1") of the buffer 204
is applied to the node 212, the charge accumulated in
the capacitor 203 are held in the capacitor 203 without
leakage through the source and the drain of the first tran-
sistor 201 (FIG. 3B). Accordingly, refresh operation is not
needed.
[0039] Note that it is preferable that the capacitor 203
have sufficiently large capacitance. For example, the
case where the first transistor 201, the second transistor
202, the third transistor 205, and the buffer 204 are turned
off because power supply voltage cannot be maintained

by temporary interruption of an electrical wave or the like
is considered. In this case, if the capacitor 203 has suf-
ficiency large capacitance, charge accumulated in the
capacitor 203 are temporarily held such that the output
("1") of the buffer 204 is not changed. After that, when
the power supply voltage is recovered by supplying elec-
tric power, the buffer 204 is turned on. Since the charge
is accumulated in the capacitor 203, the output of the
buffer 204 is "1" and the output data of the output terminal
207 is "1."

(The case where output data is set to be "0")

[0040] The case where charge accumulated in the ca-
pacitor 203 are released so that an output of the buffer
204 is set to be "0" and output data of the output terminal
207 is set to be "0" is described.
[0041] Low voltage "0" is applied to the input terminal
206. The second transistor 202 is turned on by voltage
from the control terminal 208. Further, the first transistor
201 is turned on by voltage from the control terminal 209.
A potential of the node 212 is lower than a potential of
the other of the source and the drain of the first transistor
201 which is electrically connected to the capacitor 203.
Charge accumulated in the capacitor 203 is released to
the node 212 side of the first transistor 201 through the
source and the drain of the first transistor 201 (FIG. 4A).
[0042] When charge is released, an output of the buffer
204 is "0" and output data of the output terminal 207 is
"0" (FIG. 4B).
[0043] When the output data of the output terminal 207
is "0," the second transistor 202 is turned off by the volt-
age from the control terminal 208, and the first transistor
201 is turned off by the voltage from the control terminal
209. In addition, the third transistor 205 is turned on by
the voltage from the control terminal 210. Since charge
is not accumulated in the capacitor 203 and output volt-
age ("0") of the buffer 204 is applied to the node 212, a
problem of leakage current does not occur. Accordingly,
refresh operation is not needed.
[0044] Note that if the capacitor 203 has sufficiently
large capacitance, even if the buffer 204 is turned off
because power supply voltage is not maintained by tem-
porary interruption of an electrical wave or the like, a state
in which charge is not accumulated in the capacitor 203
is temporarily held such that the output ("0") of the buffer
204 is not changed. After that, when the power supply
voltage is recovered by supplying electric power, the buff-
er 204 is turned on. Since charge is not accumulated in
the capacitor 203, the output of the buffer 204 is "0" and
the output data of the output terminal 207 is "0."
[0045] An RFID tag can store data with the first tran-
sistor 201 and the capacitor 203 without requiring refresh
operation.

(Embodiment 2)

[0046] An RFID tag disclosed in this embodiment in-
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cludes a circuit including a first inverter 303, a second
inverter 304, a first transistor 307, a capacitor 308, a buff-
er 309, a first analog switch 305, and a second analog
switch 306. Reference numerals 301 and 302 each de-
note an input terminal and reference numeral 310 de-
notes an output terminal. Reference numeral 312 de-
notes a reference voltage terminal (FIG. 5A).
[0047] The first transistor 307 is an n-channel transis-
tor or a p-channel transistor. In the following description,
the first transistor 307 is an n-channel transistor. Note
that in the case where the first transistor 307 is a p-chan-
nel transistor, voltage whose level is opposite to the level
of in the case of an n-channel transistor is applied to the
input terminal 301.
[0048] The buffer 309 includes, for example, a circuit
in which a third inverter 12 and a fourth inverter 13 are
connected in series (FIG. 5B).
[0049] The input terminal 301 is electrically connected
to an input of the first inverter 303. An output of the first
inverter 303 is electrically connected to an input of the
second inverter 304, a second control terminal 314 of the
first analog switch 305, and a first control terminal 315
of the second analog switch 306. An output of the second
inverter 304 is electrically connected to a first control ter-
minal 313 of the first analog switch 305, a second control
terminal 316 of the second analog switch 306, and a gate
of the first transistor 307.
[0050] The input terminal 302 is electrically connected
to an input of the first analog switch 305. An output of the
first analog switch 305 is electrically connected to one of
a source and a drain of the first transistor 307 and an
output of the second analog switch 306.
[0051] The other of the source and the drain of the first
transistor 307 is electrically connected to one electrode
of the capacitor 308 and an input of the buffer 309.
[0052] The other electrode of the capacitor 308 is elec-
trically connected to the reference voltage terminal 312.
[0053] An output of the buffer 309 is electrically con-
nected to the output terminal 310 and an input of the
second analog switch 306.
[0054] Next, operation an RFID tag is described. In this
embodiment, data "1" represents high voltage and data
"0" represents low voltage.

(Initial state)

[0055] In an initial state, low voltage "0" is applied to
both the input terminal 301 and the input terminal 302,
and the first transistor 307 is off. Charge is not accumu-
lated in the capacitor 308. An output of the buffer 309 is
"0" and output data of the output terminal 310 is "0" (FIG.
6).

(The case where output data is set to be "1")

[0056] The case where charge is accumulated in the
capacitor 308 so that an output of the buffer 309 is set
to be "1" and output data of the output terminal 310 is set

to be "1" is described.
[0057] High voltage "1" is applied to both the input ter-
minal 301 and the input terminal 302. An output of the
first inverter 303 is low voltage "0" and an output of the
second inverter 304 is high voltage "1." The first analog
switch 305 is turned on and high voltage "1" is outputted.
In addition, the first transistor 307 is turned on, and
charge is accumulated in the capacitor 308 by flowing
current which corresponds to an output of the first analog
switch 305. The second analog switch 306 is off.
[0058] When the charge is accumulated in the capac-
itor 308, an output of the buffer 309 is "1" and output data
of the output terminal 310 is "1" (FIG. 7A).
[0059] When the output data of the output terminal 310
is "1," low voltage "0" is applied to both the input terminal
301 and the input terminal 302. An output of the first in-
verter 303 is high voltage "1" and an output of the second
inverter 304 is low voltage "0." The first transistor 307 is
turned off. The first analog switch 305 is turned off and
the second analog switch 306 is turned on. Then, the
output voltage ("1") of the buffer 309 is applied to a node
311. Since the output voltage ("1") of the buffer 309 is
applied to the node 311, the charge accumulated in the
capacitor 308 are held in the capacitor 308 without leak-
age through the source or the drain of the first transistor
307 (FIG. 7B). Accordingly, refresh operation is not need-
ed.
[0060] After that, there is the case where the first in-
verter 303, the second inverter 304, the first transistor
307, the first analog switch 305, the second analog switch
306, and the buffer 309 are turned off in some cases
because power supply voltage cannot be maintained due
to temporary interruption of an electrical wave. Therefore,
it is preferable that the capacitor 308 have sufficiently
large capacitance. If the capacitor 308 has sufficiently
large capacitance, charge accumulated in the capacitor
308 is temporarily held such that the output ("1") of the
buffer 309 is not changed. After that, when the power
supply voltage is recovered by supplying electric power,
the buffer 309 is turned on. Since the charge is accumu-
lated in the capacitor 308, an output of the buffer 309 is
"1" and output data of the output terminal 310 is "1."
[0061] In addition, in the case where low voltage "0" in
an initial state is applied to both the input terminal 301
and the input terminal 302 after power supply voltage is
recovered by supplying electric power, the first analog
switch 305 and the first transistor 307 are turned off, and
the second analog switch 306 is turned on. Since the
output voltage ("1") of the buffer 309 is applied to the
node 311, the charge accumulated in the capacitor 308
is held in the capacitor 308 without leakage through the
source or the drain of the first transistor 307. Accordingly,
refresh operation is not needed.

(The case where output data is set to be "0")

[0062] The case where charge accumulated in the ca-
pacitor 308 is released to set an output of the buffer 309
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to be "0" and output data of the output terminal 310 is set
to be "0" is described.
[0063] High voltage "1" is applied to the input terminal
301 and low voltage "0" is applied to and the input terminal
302. An output of the first inverter 303 is low voltage "0"
and an output of the second inverter 304 is high voltage
"1". The first transistor 307 is turned on. The first analog
switch 305 is turned on. A potential of the node 311 is
lower than a potential of one of the source and the drain
of the first transistor 307 which is electrically connected
to the capacitor 308. Charge accumulated in the capac-
itor 308 is released to the node 311 side of the first tran-
sistor 307 through the source and the drain of the first
transistor 307 (FIG. 8A). The second analog switch 306
is off.
[0064] When the charge is released, an output of the
buffer 309 is "0" and output data of the output terminal
310 is "0" (FIG. 8B).
[0065] When the output data of the output terminal 310
is "0," low voltage "0" is applied to the input terminal 301
and the first transistor 307 is turned off. Since charge is
not accumulated in the capacitor 308 and output voltage
("0") of the buffer 309 is applied to the node 311, a prob-
lem of leakage current does not occur. Accordingly, re-
fresh operation is not needed.
[0066] Note that when the capacitor 308 has sufficient-
ly large capacitance, even if the buffer 309 is turned off
because power supply voltage is not maintained due to
temporary interruption of an electrical wave, the state in
which charge is not accumulated in the capacitor 308 is
temporarily held such that the output ("0") of the buffer
309 is not changed. After that, when the power supply
voltage is recovered by supplying electric power, the buff-
er 309 is turned on. Since charge is not accumulated in
the capacitor 308, the output of the buffer 309 is "0" and
the output data of the output terminal 310 is "0."
[0067] In addition, in the case where low voltage "0" in
an initial state is applied to both the input terminal 301
and the input terminal 302 after power supply voltage is
recovered, the first analog switch 305 and the first tran-
sistor 307 are turned off, and the second analog switch
306 is turned on. Since charge is not accumulated in the
capacitor 308 and output voltage ("0") of the buffer 309
is applied to the node 311, a problem of leakage current
does not occur. Accordingly, refresh operation is not
needed.
[0068] An RFID tag can store data with the first tran-
sistor 307 and the capacitor 308 without requiring refresh
operation.

(Embodiment 3)

[0069] An RFID tag 400 disclosed in this embodiment
includes an antenna 401, a rectifier circuit 402, a logic
portion 403, and a flag holding circuit 404 (FIG. 9).
[0070] The antenna 401 transmits and receives analog
signals in communication with a reader/writer.
[0071] The rectifier circuit 402 is connected to the an-

tenna 401. The rectifier circuit 402 rectifies electric power
of an electric wave outputted from the reader/writer
through the antenna 401, and outputs electric power as
power supply voltage VDD.
[0072] The power supply voltage VDD obtained by rec-
tification in the rectifier circuit 402 is supplied to the logic
portion 403 and the flag holding circuit 404. The logic
portion 403 includes a clock circuit, a logic circuit, a mod-
ulation circuit, and a demodulation circuit.
[0073] The clock circuit generates a clock signal and
supplies the clock signal to the logic circuit. The demod-
ulation circuit demodulates an analog signal received by
the antenna into a digital signal, and outputs the digital
signal to the logic circuit. The modulation circuit modu-
lates a digital signal which is outputted from the logic
circuit into an analog signal, and transmits the analog
signal to the reader/writer through the antenna.
[0074] The logic circuit includes a memory. Further,
the logic circuit read out data stored in the memory and
write the data to the memory.
[0075] The flag holding circuit 404 includes the circuit
of the Embodiment 1 or 2.
[0076] The circuit shown in Embodiment 1 includes the
first transistor 201, the second transistor 202, the capac-
itor 203, the buffer 204, and the third transistor 205 (FIG.
1).
[0077] Each of the control terminal 209 of the first tran-
sistor, the control terminal 208 of the second transistor,
the control terminal 210 of the third transistor, and the
input terminal 206 is controlled by an output from the
logic circuit in the logic portion 403. The output terminal
207 is connected to the logic circuit of the logic portion
403.
[0078] Power supply voltage VDD is supplied to the
flag holding circuit 404 from the rectifier circuit 402. Al-
ternatively, the power supply voltage VDD is supplied to
the flag holding circuit 404 from the rectifier circuit 402
through the logic portion 403. Specifically, power supply
voltage VDD to the buffer 204 is supplied from the rectifier
circuit 402. Alternatively, the power supply voltage VDD
to the buffer 204 is supplied from the rectifier circuit 402
through the logic portion 403.
[0079] The flag holding circuit 404 having the circuit
shown in Embodiment 1 can store data (charge) with the
first transistor 201 and the capacitor 203. Accordingly,
refresh operation is not needed. Further, if the capacitor
203 has sufficiently large capacitance, charge accumu-
lated in the capacitor 203 is temporarily held such that
an output of the buffer 204 is not changed even when
supply of power supply voltage VDD from the rectifier
circuit 402 stops. Accordingly, a state of a session flag
for preventing data which has already been read from
being read out again can be held.
[0080] In addition, the circuit shown in Embodiment 2
includes the first inverter 303, the second inverter 304,
the first transistor 307, the capacitor 308, the buffer 309,
the first analog switch 305, and the second analog switch
306 (FIG. 5).
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[0081] Each of the input terminal 301 and the input
terminal 302 is controlled by an output from the logic cir-
cuit of the logic portion 403. The output terminal 310 is
connected to the logic circuit in the logic portion 403.
[0082] As above, power supply voltage VDD is sup-
plied to the flag holding circuit 404 from the rectifier circuit
402. Alternatively, the power supply voltage VDD is sup-
plied to the flag holding circuit 404 from the rectifier circuit
402 through the logic portion 403. Specifically, power
supply voltage VDD to the first inverter 303, power supply
voltage VDD to the second inverter 304, power supply
voltage VDD to the buffer 309, power supply voltage VDD
to the first analog switch 305, and power supply voltage
VDD to the second analog switch 306 are supplied from
the rectifier circuit 402. Alternatively, the power supply
voltage VDD to the first inverter 303, the power supply
voltage VDD to the second inverter 304, the power supply
voltage VDD to the buffer 309, the power supply voltage
VDD to the first analog switch 305, and the power supply
voltage VDD to the second analog switch 306 are sup-
plied from the rectifier circuit 402 through the logic portion
403.
[0083] The flag holding circuit 404 having a semicon-
ductor device shown in Embodiment 2 can store data
(charge) with the first transistor 307 and the capacitor
308. Accordingly, refresh operation is not needed. Fur-
ther, if the capacitor 308 has sufficiently large capaci-
tance, charge accumulated in the capacitor 308 are tem-
porarily held such that an output of the buffer 309 is not
changed even when supply of the power supply voltage
VDD from the rectifier circuit 402 stops. Accordingly, the
state of a session flag for preventing data which has al-
ready been read from being read out again can be held.

(Embodiment 4)

[0084] In this embodiment, an RFID tag having a struc-
ture which is different from that in Embodiment 3 is de-
scribed.
[0085] An RFID tag 500 shown in this embodiment in-
cludes an antenna circuit 501 and a signal processing
circuit 502. The signal processing circuit 502 includes a
rectifier circuit 503, a power supply circuit 504, a demod-
ulation circuit 505, an oscillator circuit 506, a logic circuit
507, a memory control circuit 508, a memory circuit 509,
a logic circuit 510, an amplifier 511, and a modulation
circuit 512 (FIG. 10). The memory circuit 509 includes
the circuit of the Embodiment 1 or 2.
[0086] Communication signals received by the anten-
na circuit 501 are inputted into the demodulation circuit
505. The frequency of the communication signals re-
ceived, that is, signals transmitted and received between
the antenna circuit 501 and a reader/writer can be, UHF
(ultra high frequency) bands including 915 MHz, 2.45
GHz, and the like that are determined on the basis of the
ISO standards or the like. Needless to say, the frequency
of signals transmitted and received between the antenna
circuit 501 and the reader/writer is not limited to this, and

for example, any of the following frequencies can be
used: 300 GHz to 3 THz which is a submillimeter wave,
30 GHz to 300 GHz which is a millimeter wave, 3 GHz
to 30 GHz which is a microwave, 300 MHz to 3 GHz which
is an ultra high frequency, and 30 MHz to 300 MHz which
is a very high frequency. In addition, signals transmitted
and received between the antenna circuit 501 and the
reader/writer are signals obtained through carrier mod-
ulation. A carrier wave is modulated by analog modula-
tion or digital modulation, and any of amplitude modula-
tion, phase modulation, frequency modulation, and
spread spectrum may be used. Preferably, amplitude
modulation or frequency modulation is used.
[0087] An oscillation signal outputted from the oscilla-
tor circuit 506 is supplied as a clock signal to the logic
circuit 507. In addition, the carrier wave that has been
modulated is demodulated in the demodulation circuit
505. The demodulated signal is transmitted to the logic
circuit 507 and analyzed. The signal analyzed in the logic
circuit 507 is transmitted to the memory control circuit
508. The memory control circuit 508 controls the memory
circuit 509 and takes data stored in the memory circuit
509 to transmit the data to the logic circuit 510. The signal
transmitted to the logic circuit 510 is encoded in the logic
circuit 510 and then amplified in the amplifier 511. With
the amplified signal, the modulation circuit 512 modulates
a carrier wave. With the modulated carrier, the reader/
writer recognizes the signal from the RFID tag.
[0088] Carrier waves inputted to the rectifier circuit 503
are rectified and then inputted to the power supply circuit
504. Power supply voltage obtained in this manner is
supplied from the power supply circuit 504 to the demod-
ulation circuit 505, the oscillator circuit 506, the logic cir-
cuit 507, the memory control circuit 508, the memory cir-
cuit 509, the logic circuit 510, the amplifier 511, the mod-
ulation circuit 512, and the like.
[0089] A connection between the signal processing cir-
cuit 502 and an antenna in the antenna circuit 501 is not
specifically limited. For example, the antenna and the
signal processing circuit 502 are connected by wire bond-
ing or bump connection. Alternatively, the signal process-
ing circuit 502 is formed to have a chip shape and one
surface thereof is used as an electrode to be attached to
the antenna. The signal processing circuit 502 and the
antenna can be attached to each other by the use of an
ACF (anisotropic conductive film).
[0090] The antenna is either stacked over the same
substrate as the signal processing circuit 502, or formed
as an external antenna. Needless to say, the antenna is
provided on the above or below of the signal processing
circuit.
[0091] The rectifier circuit 503 converts AC signals that
are induced by carrier waves received by the antenna
circuit 501 into DC signals.
[0092] The RFID tag 500 may include a battery 561
(FIG. 11). When power supply voltage outputted from the
rectifier circuit 503 is not high enough to operate the sig-
nal processing circuit 502, the battery 561 also supplies
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power supply voltage to each circuit of the signal process-
ing circuit 502, such as the demodulation circuit 505, the
oscillator circuit 506, the logic circuit 507, the memory
control circuit 508, the memory circuit 509, the logic circuit
510, the amplifier 511, and the modulation circuit 512.
[0093] Surplus voltage of the power supply voltage out-
putted from the rectifier circuit 503 may be stored in the
battery 561. An antenna circuit and a rectifier circuit are
provided in the RFID tag 500 in addition to the antenna
circuit 501 and the rectifier circuit 503, so that energy
stored in the battery 561 can be obtained from electro-
magnetic waves and the like that are generated random-
ly.
[0094] A battery can be continuously used by charging.
As the battery, a battery formed into a sheet form is used.
For example, by using a lithium polymer battery that in-
cludes a gel electrolyte, a lithium ion battery, a lithium
secondary battery, or the like, reduction in size of the
battery is possible. Example of a nickel metal hydride
battery, a nickel cadmium battery, or the like can be given.
Alternatively, a capacitor having large capacitance or the
like can be used.

(Embodiment 5)

[0095] In this embodiment, one manufacturing method
of the RFID tag shown in the above embodiment is de-
scribed.
[0096] A separation layer 702 is formed over a surface
of a substrate 701, and an insulating film 703 serving as
a base and a semiconductor film 704 (e.g., a film con-
taining amorphous silicon) are formed over the separa-
tion layer 702 (FIG. 12A). The separation layer 702, the
insulating film 703, and the semiconductor film 704 can
be formed successively. As a result, entering of impurities
can be prevented because the films are not exposed to
the atmosphere.
[0097] As the substrate 701, a glass substrate, a quartz
substrate, a metal substrate, a stainless steel substrate,
a plastic substrate which can resist the processing tem-
perature of this process, or the like is used.
[0098] As the separation layer 702, a metal film or a
stacked layer of a metal film and a metal oxide film is
used.
[0099] The metal film is formed using a single layer or
a stacked layer structure formed from an element select-
ed from tungsten (W), molybdenum (Mo), titanium (Ti),
tantalum (Ta), niobium (Nb), nickel (Ni), cobalt (Co), zir-
conium (Zr), zinc (Zn), ruthenium (Ru), rhodium(Rh), pal-
ladium (Pd), osmium (Os), or iridium (Ir); or an alloy ma-
terial or a compound material which includes any of these
elements as a main component. The metal film is formed
by a sputtering method, a plasma CVD method, or the
like.
[0100] After the above-described metal film is formed,
an oxide or oxynitride of the metal film is formed as the
stacked layer of a metal film and a metal oxide film over
a surface of the metal film by plasma treatment in an

oxygen atmosphere or an N2O atmosphere, or heat treat-
ment in an oxygen atmosphere or an N2O atmosphere.
Alternatively, a surface of the metal film is processed with
a strong oxidative solution such as ozone water after the
metal film is formed, whereby an oxide of the metal film
is formed over the surface of the metal film.
[0101] The insulating film 703 is a single-layer struc-
ture film or a stacked-layer structure film containing an
oxide of silicon or a nitride of silicon, and is formed by
using a sputtering method, a plasma CVD method, or the
like. The insulating film 703 prevents impurities from en-
tering from the substrate 701.
[0102] The semiconductor film 704 is formed by a sput-
tering method, an LPCVD method, a plasma CVD meth-
od, or the like. The semiconductor film 704 is formed to
have a thickness of approximately 25 to 200 nm, prefer-
ably approximately 50 to 70 nm. The semiconductor film
704 is, for example, an amorphous silicon film or an oxide
semiconductor film including ZnO.
[0103] The semiconductor film 704 may be crystallized
by laser irradiation or the like, and a crystalline semicon-
ductor film may be formed.
[0104] The semiconductor film 704 is etched to have
a desired shape, whereby a semiconductor film 704a and
a semiconductor film 704b are formed. A gate insulating
film 705 is formed so as to cover the semiconductor films
704a and 704b (FIG. 12B).
[0105] The gate insulating film 705 is a single-layer film
or a stacked-layer film containing an oxide of silicon or a
nitride of silicon formed by a CVD method, a sputtering
method, or the like.
[0106] The gate insulating film 705 may be formed by
oxidizing or nitriding surfaces of the semiconductor films
704a and 704b by plasma treatment. For example, the
gate insulating film is formed by plasma treatment with
a mixed gas of a rare gas such as He, Ar, Kr, or Xe; and
oxygen, nitrogen oxide (e.g. NO2), ammonia, nitrogen,
hydrogen, or the like. When excitation of the plasma in
this case is performed by using microwaves, plasma with
a low electron temperature and high density can be gen-
erated. The surfaces of the semiconductor films can be
oxidized or nitrided by oxygen radical (that include OH
radical in some cases) or nitrogen radical (that include
NH radical in some cases), which is generated by the
high-density plasma.
[0107] By treatment with such high-density plasma, an
insulating film having a thickness of approximately 1 to
20 nm typically approximately 5 to 10 nm is formed over
the semiconductor films. Since reaction in this case is
solid-phase reaction, interface state density between the
insulating film and the semiconductor films can be made
quite low. The semiconductor films (crystalline silicon,
polycrystalline silicon, an oxide semiconductor film in-
cluding ZnO, or the like) are directly oxidized (or nitrided)
by such plasma treatment, whereby variation in thickness
of the formed insulating film can be considerably re-
duced. In addition, since oxidation does not progress
even at a crystal grain boundary of crystalline silicon, it
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is very preferable.
[0108] As the gate insulating film 705, only an insulat-
ing film formed by the plasma treatment is used or an
insulating film formed from silicon oxide, silicon oxyni-
tride, or silicon nitride is additionally deposited over the
insulating film by a CVD method using plasma or thermal
reaction. A transistor including a gate insulating film
formed by plasma treatment has little variation in char-
acteristics.
[0109] A conductive film is formed over the gate insu-
lating film 705. A single conductive film with a thickness
of approximately 100 to 500 nm is formed. The following
materials are used: a material containing an element se-
lected from tantalum (Ta), tungsten (W), titanium (Ti),
molybdenum (Mo), aluminum (Al), copper (Cu), chromi-
um (Cr), or niobium (Nb); an alloy material containing the
element as a main component; or a compound material
containing the element as a main component. A semi-
conductor material typified by polycrystalline silicon in
which an impurity element such as phosphorus is added
may be used. For example, a stacked-layer structure of
a tantalum nitride film and a tungsten film, a stacked-
layer structure of a tungsten nitride film and a tungsten
film, or a stacked-layer structure of a molybdenum nitride
film and a molybdenum film is used.
[0110] A resist mask is formed over the conductive film
by a photolithography method and etching treatment is
performed, whereby a gate electrode 707 is formed
above the semiconductor films 704a and 704b.
[0111] Using the gate electrode 707 as a mask, an
impurity element imparting n-type or p-type conductivity
is added to the semiconductor films 704a and 704b at a
low concentration by an ion doping method or an ion im-
plantation method with the mask. In this embodiment, an
impurity element imparting n-type conductivity is added
to the semiconductor films 704a and 704b at a low con-
centration. The impurity element imparting n-type con-
ductivity is an element belonging to Group 15, for exam-
ple, phosphorus (P) or arsenic (As). The impurity element
imparting p-type conductivity is an element belonging to
Group 13, for example, boron (B).
[0112] Although n-channel TFTs are described in this
embodiment, this embodiment is not limited to n-channel
TFTs. Only p-channel TFTs may be formed. Alternative-
ly, n-channel TFTs and p-channel TFTs may be formed.
[0113] An insulating film is formed so as to cover the
gate insulating film 705 and the gate electrode 707. The
insulating film is a film including an inorganic material
such as silicon, an oxide of silicon, or a nitride of silicon
formed by a CVD method, a sputtering method, or the
like.
[0114] The insulating film is selectively etched by an-
isotropic etching, whereby insulating films 708 (also re-
ferred to as sidewalls) in contact with side surfaces of
the gate electrode 707 are formed. The insulating films
708 are used as masks when lightly doped drain (LDD)
regions are formed.
[0115] By using the resist mask formed by a photoli-

thography method, the gate electrode 707, and the insu-
lating films 708 as masks, an impurity element imparting
n-type conductivity is added to the semiconductor films
704a and 704b. Thus, a channel formation region 706a,
first impurity regions 706b, and second impurity regions
706c are formed (FIG. 12C). The first impurity regions
706b are a source region and drain region of the thin film
transistor, and the second impurity regions 706c are LDD
regions. The concentration of the impurity element in-
cluded in the second impurity region 706c is lower than
that of the impurity element included in the first impurity
region 706b.
[0116] Then, an insulating film is formed so as to cover
the gate electrode 707, the insulating films 708, and the
like. In this embodiment, the insulating film has a three-
layer structure of insulating films 709, 710, and 711. The
insulating film is formed by a CVD method or the like.
The insulating films 709 and 710 are films each including
an inorganic material such as silicon, an oxide of silicon,
or a nitride of silicon, and the insulating film 711 is a film
including an organic material such as an organic resin.
[0117] The insulating films 709, 710, and 711 are
etched to form contact holes reaching the first impurity
regions 706b. Then, conductive films 731a functioning
as source electrodes and drain electrodes of the thin film
transistors and a conductive film 731b functioning as a
connecting wiring are formed. The conductive films 731a
and 731b are formed in such a manner: a conductive film
is formed so as to fill the contact holes and then the con-
ductive film is selectively etched. Note that before the
conductive film is formed, silicide may be formed over
the surfaces of the semiconductor films 704a and 704b
that are exposed through the contact holes to reduce
resistance. When the conductive films 731a and 731b
are formed using low-resistance material, delay of sig-
nals does not occur, which is preferable. Since a low-
resistance material has low heat resistance in many cas-
es, high heat resistance materials are preferably provid-
ed over and below the low-resistance material. The con-
ductive films 731a and 731b are formed by a CVD meth-
od, a sputtering method, or the like.
[0118] Through these steps, an element layer 749 in-
cluding a thin film transistor 730a and a thin film transistor
730b can be obtained (FIG. 13A). The thin film transistors
730a and 730b are used as transistors shown in Embod-
iments 1 and 2.
[0119] Heat treatment for repairing crystallinity of the
semiconductor film 704, activating the impurity element
which is added to the semiconductor film 704, and hy-
drogenating the semiconductor film 704 may be per-
formed before the insulating films 709, 710, and 711 are
formed, after the insulating film 709 is formed, or after
the insulating films 709 and 710 are formed. For the heat
treatment, a thermal annealing method, a laser annealing
method, an RTA method, or the like is applied.
[0120] Insulating films 712 and 713 are formed so as
to cover the conductive films 731a and 731b (FIG. 13B).
A silicon nitride film with a thickness of 50 to 150 nm, 100
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nm for example, is used as the insulating film 712, and
a polyimide film having a thickness of 1000 to 2000 nm,
for example, 1500 nm is used as the insulating film 713.
It is preferable that a surface of the insulating film 713
have high flatness. A silicon oxynitride film or a silicon
nitride oxide film may be used instead of the silicon nitride
film. An organic material such as polyamide, benzocy-
clobutene, acrylic, or epoxy; a siloxane material; or the
like may be used instead of polyimide. The insulating
films 712 and 713 are formed by a CVD method, a sput-
tering method, an SOG method, a droplet discharge
method, a screen printing method, or the like.
[0121] An opening is formed in the insulating films 712
and 713. Specifically, an opening 714 where the connec-
tion wiring 731b is exposed is formed. In the opening 714
(specifically, in a region 715 surrounded by a dotted line),
an end portion of the insulating film 712 is covered with
the insulating film 713. By covering the end portion of the
lower insulating film 712 with the upper insulating film
713, disconnection of a wiring to be formed later in the
opening 714 can be prevented. In this embodiment, since
the insulating film 713 is formed using polyimide, which
is an organic material, the insulating film 713 can have
a gently tapered shape in the opening 714, and discon-
nection can be efficiently prevented.
[0122] A conductive film 717 is formed over the insu-
lating film 713, and an insulating film 718 is formed over
the conductive film 717 (FIG. 13C).
[0123] The conductive film 717 can be formed using
the same material as the conductive films 731a and 731b.
Since current based on signals between a thin film tran-
sistor and an antenna flows through the conductive film
717, the conductive film 717 is formed from a conductive
material such as aluminum. The conductive film 717 is
formed by a CVD method, a sputtering method, or the
like. The insulating film 718 needs to have a planar sur-
face; therefore, the insulating film 718 is preferably
formed from an organic material. Here, the case where
polyimide having a thickness of 1000 to 3000 nm, for
example, 2000 nm, is used for the insulating film 718 is
described as an example.
[0124] The insulating film 718 is formed, for example,
to a thickness of 2000 nm, which is larger than the thick-
ness of the insulating film 713, because irregularities on
the surfaces of the opening 714 in the insulating film 713
and the conductive film 717 formed in the opening 714
should be planarized.
[0125] FIG. 14 shows the peripheral region of a sem-
iconductor device. In a circuit portion, the insulating film
718 preferably covers an end portion of the insulating
film 713 outside the antenna (specifically, in a region
740). Intrusion of moisture or oxygen can be prevented.
[0126] An antenna 720 is formed over the insulating
film 718 (FIG. 15A). The antenna 720 and the conductive
film 717 are connected to each other through an opening
(not shown).
[0127] The antenna 720 is formed using a stacked lay-
er of a first conductive film 721 and a second conductive

film 722. In this embodiment, the case where the antenna
720 is formed using a stacked layer of titanium having a
thickness of 50 to 150 nm, for example, 100 nm as the
first conductive film 721, and aluminum having a thick-
ness of 4000 to 6000 nm, for example, 5000 nm as the
second conductive film 722 is described as an example.
Titanium can increase moisture resistance of the antenna
and can increase adhesion between the insulating film
718 and the antenna 720. In addition, contact resistance
between the first conductive film 721 and the conductive
film 717 can be reduced. In this embodiment, an end
portion of aluminum is on an inner side of an end portion
of titanium (a region 742). The end portion of the alumi-
num film may be formed inside of the titanium film, and
the distance L between the end portion of aluminum and
that of titanium may be in the range of 0.8 to 2 Pm (FIG.
15A). The thickness of aluminum is set to be larger than
the thickness of titanium and the end portion of titanium
projects beyond the end portion of aluminum, whereby
disconnection of an insulating film formed later can be
prevented, and the durability of the antenna can be im-
proved.
[0128] The antenna is formed by a CVD method, a
sputtering method, a printing method such as a screen
printing method or a gravure printing method, a droplet
discharge method, a dispenser method, a plating meth-
od, or the like. Further, the antenna is a stacked-layer
film or a single-layer film.
[0129] An insulating film 723 is formed so as to cover
the antenna 720. In this embodiment, a silicon nitride film
having a thickness of 200 nm is used as the insulating
film 723. The insulating film 723 enhances the moisture
resistance of the antenna. Since the end portion of tita-
nium projects beyond the end portion of aluminum, the
insulating film 723 can be formed without disconnection.
The insulating film 723 may be formed of a silicon oxyni-
tride film, a silicon nitride oxide film, or another inorganic
material.
[0130] The insulating film 723 and the insulating film
712 are preferably in contact with each other outside the
insulating film 718, that is, outside the antenna in the
circuit portion (specifically, a region 741) (FIG. 14). If both
of the insulating films 712 and 723 are silicon nitride films,
since the films formed from the same materials are close-
ly in contact with each other, adhesion is high and intru-
sion of moisture or oxygen can be efficiently prevented.
Further, since a silicon nitride film is denser than a silicon
oxide film and thus intrusion of moisture or oxygen can
be effectively prevented. The region where the insulating
films 712 and 723 are closely in contact with each other
is the peripheral region and are formed so as to surround
the circuit portion. Compared to an RFID tag to which
such a structure of a peripheral region is not applied, the
RFID tag of this embodiment can have reduced defects
caused by a change over time in shape and character-
istics, such as peeling at an end portion of the RFID tag.
[0131] A first insulator 751 is formed so as to cover the
insulating film 723 (FIG. 15B).
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The first insulator 751 is a structure body 726 in which a
fibrous body 727 is impregnated with an organic resin
728. In addition, a first impact attenuating layer 750 is
formed over a surface of the structure body 726. The first
impact attenuating layer 750 is an aramid resin layer.
[0132] The structure body 726 in which the fibrous
body 727 is impregnated with the organic resin 728 is
also referred to as a prepreg. The prepreg is specifically
obtained in such a manner that a fibrous body is impreg-
nated with a varnish in which a matrix resin is diluted with
an organic solvent, and then the organic solvent is vola-
tilized so that the matrix resin is semi-cured. A prepreg
has an elastic modulus of 13 to 15 GPa and a modulus
of rupture of 140 MPa. With a thinned prepreg, a thin
flexible RFID tag can be manufactured. As typical exam-
ples of a fibrous body for a prepreg, a polyvinyl alcohol
fiber, a polyester fiber, a polyamide fiber, a polyethylene
fiber, an aramid fiber, a polyparaphenylene benzobisox-
azole fiber, a glass fiber, a carbon fiber, and the like can
be given. As typical examples of an organic resin are an
epoxy resin, an unsaturated polyester resin, a polyimide
resin, a fluoropolymer, and the like can be given.
[0133] The thickness of the first insulator 751 is 5 to
100 Pm preferably 10 to 50 Pm, inclusive. In this embod-
iment, the thickness of the first insulator 751 is 32 Pm.
In this embodiment, in the first insulator 751, the thick-
ness of the structure body 726 is 10 to 30 Pm, for exam-
ple, 20 Pm, and the thickness of the first impact attenu-
ating layer 750 is 5 to 15 Pm, for example, 12 Pm. With
these parameters, a thin flexible RFID tag can be man-
ufactured.
[0134] After the first impact attenuating layer 750 is
formed, a first conductive layer 729 is formed over a sur-
face of the first impact attenuating layer 750. A compound
of silicon oxide and indium tin oxide is used as the first
conductive layer 729. The first conductive layer 729 has
lower resistance than the structure body 726 or the first
impact attenuating layer 750. The first conductive layer
729 may be formed using a film or a group of islands
arranged with small gaps therebetween. The thickness
of the first conductive layer 729 can be 50 to 200 nm,
inclusive. As well as the compound of silicon oxide and
indium tin oxide, the first conductive layer 729 can be
formed using a material including an element selected
from titanium, molybdenum, tungsten, aluminum, cop-
per, silver, gold, nickel, tin, platinum, palladium, iridium,
rhodium, tantalum, cadmium, zinc, iron, silicon, germa-
nium, zirconium, barium, or the like; an alloy material
including any of these elements as a main component;
a compound material including any of these elements as
a main component; or the like. The first conductive layer
729 is formed by a sputtering method, a plasma CVD
method, a coating method, a printing method, or a plating
method such as an electrolytic plating method or an elec-
troless plating method. Note that an insulating film may
be formed over a surface of the first conductive layer 729.
The insulating film may protect the first conductive layer
729.

[0135] A layer including the element layer including the
thin film transistors 730a and 730b, the conductive film
serving as the antenna 720, and the like is separated
from the substrate 701 (FIG. 16). Separation is performed
at an interface between the separation layer 702 and the
substrate 701, an interface between the separation layer
702 and the insulating film 703, or the inside of the sep-
aration layer 702. If the separation layer 702 remains on
the separated layer side, the separation layer 702 may
be removed by etching or the like.
[0136] The separation is performed while wetting a
separation surface with water or a solution such as ozone
water, so that elements such as the thin film transistors
730a and 730b can be prevented from being broken due
to static electricity or the like. This is because an unpaired
electron in the separation layer 702 is terminated by ions
in the solution, so that charge is neutralized.
[0137] Lower cost can be realized by reusing the sub-
strate 701 subjected to the separation.
[0138] A second insulator 753 is formed so as to cover
the surface exposed by the separation (FIG. 17). The
second insulator 753 can be formed in a manner similar
to that of the first insulator 751. In this embodiment, as
the second insulator 753, a structure body 730 including
a so-called prepreg, in which a fibrous body 731 is im-
pregnated with an organic resin 732, is provided. Further,
a second impact attenuating layer 752 is provided on a
surface of the structure body 730. An aramid resin is used
for the second impact attenuating layer 752. Needless
to say, it is possible to provide the structure bodies 726
and 730 only. In that case, the thickness of the RFID tag
will be 40 to 70 Pm, preferably 40 to 50 Pm. The thickness
of the RFID tag in the case where the first and second
impact attenuating layers are provided is 70 to 90 Pm
preferably 70 to 80 Pm.
[0139] A second conductive layer 733 is formed over
a surface of the second insulator 753. The second con-
ductive layer 733 can be formed in a manner similar to
the first conductive layer 729. Further, an insulating film
may be formed over a surface of the second conductive
layer 733. The insulating layer protects the second con-
ductive layer 733. Through the above steps, the element
layer and the antenna are sealed between the first insu-
lator 751 and the second insulator 753, so that a layered
body can be obtained in which the first conductive layer
729 is formed over a surface of the first insulator 751,
and the second conductive layer 733 is formed over the
surface of the second insulator 753.
[0140] Then, the layered body is cut with a cutting
means into separate RFID tags. As the cutting means, it
is preferable to use a means which melts the first insulator
751 and the second insulator 753 in the cutting. It is more
preferable to use a means which melts the first conduc-
tive layer 729 and the second conductive layer 733. In
this embodiment, laser irradiation is used for cutting the
semiconductor device.
[0141] By cutting the semiconductor device into sep-
arate RFID tags by laser irradiation, the resistance value
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between the first conductive layer 729 and the second
conductive layer 733 is decreased, whereby the first con-
ductive layer 729 and the second conductive layer 733
are brought into conduction. Accordingly, the step of cut-
ting the semiconductor device into the RFID tags and the
step of bringing the first conductive layer 729 and the
second conductive layer 733 into conduction can be per-
formed in a single operation.
[0142] In such a manner, the RFID tag formed using
an insulating substrate can be completed.
[0143] This embodiment can be implemented in com-
bination with any of the other embodiments as appropri-
ate.
[0144] The present invention is not limited to the above
description, and it is easily understood by those skilled
in the art that modes and details can be modified in var-
ious ways without departing from the spirit and scope of
the present invention. Therefore, the invention is not in-
terpreted limited to the above description.
This application is based on Japanese Patent Application
serial no. 2009-012050 filed with Japanese Patent Office
on January 22 2009, the entire contents of which are
hereby incorporated by reference.

Claims

1. A semiconductor device comprising:

a first transistor;
a second transistor;
a third transistor;
a capacitor; and
a buffer,
wherein one of a source and a drain of the sec-
ond transistor is electrically connected to an in-
put terminal,
wherein the other of the source and the drain of
the second transistor is electrically connected
to one of a source and a drain of the first tran-
sistor and one of a source and a drain of the
third transistor,
wherein the other of the source and the drain of
the first transistor is electrically connected to one
electrode of the capacitor and an input of the
buffer,
wherein the other electrode of the capacitor is
electrically connected to a reference voltage ter-
minal, and
wherein an output of the buffer is electrically con-
nected to an output terminal and the other of the
source and the drain of the third transistor.

2. A semiconductor device according to claim 1, con-
figured so that,
when the second transistor and the first transistor
are turned on, a charge originating from the input
terminal is accumulated in the capacitor, and data

corresponding to the charge is outputted from the
buffer to the output terminal, and
when, after the charge is accumulated, the second
transistor and the first transistor are turned off and
the third transistor is turned on, and an output from
the buffer is applied to one of the source and the
drain of the first transistor, the charge is held in the
capacitor.

3. A semiconductor device according to claim 2, con-
figured so that,
when the second transistor and the first transistor
are turned on, the charge accumulated in the capac-
itor is released to one of the source and the drain of
the first transistor, and data corresponding to a low
level of the charge is outputted to the output terminal,
and
when, after the charge is released, the second tran-
sistor and the first transistor are turned off and the
third transistor is turned on, the output from the buffer
is applied to one of the source and the drain of the
first transistor.

4. A semiconductor device comprising:

a first inverter;
a second inverter;
a transistor;
a capacitor;
a buffer;
a first analog switch;
a second analog switch;
a first input terminal;
a second input terminal; and
an output terminal,
wherein the first input terminal is electrically con-
nected to an input of the first inverter,
wherein an output of the first inverter is electri-
cally connected to an input of the second invert-
er, a second control terminal of the first analog
switch, and a first control terminal of the second
analog switch,
wherein an output of the second inverter is elec-
trically connected to a first control terminal of the
first analog switch, a second control terminal of
the second analog switch, and a gate of the tran-
sistor,
wherein the second input terminal is electrically
connected to an input of the first analog switch,
wherein an output of the first analog switch is
electrically connected to one of a source and a
drain of first transistor and to an output of the
second analog switch,
wherein the other of the source and the drain of
the transistor is electrically connected to an elec-
trode of the capacitor and an input of the buffer,
wherein the other electrode of the capacitor is
electrically connected to a reference voltage ter-
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minal, and
wherein an output of the buffer is electrically con-
nected to the output terminal and to an input of
the second analog switch.

5. A semiconductor device according to claim 4, con-
figured so that,
when the first analog switch and the transistor are
turned on and the second analog switch is turned off
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, a charge
originating from the second terminal is accumulated
in the capacitor, data corresponding to the charge is
outputted from the buffer to the output terminal, and
when the first analog switch and the transistor are
turned off and the second analog switch is turned on
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, an output
from the buffer is applied to one of the source and
the drain of the transistor, and the charge is held in
the capacitor.

6. A semiconductor device according to claim 5, con-
figured so that,
when the first analog switch and the transistor are
turned on and the second analog switch is turned off
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, charge
accumulated in the capacitor is released to one of
the source and the drain of the transistor, data cor-
responding to a low level of the charge is outputted
from the buffer to the output terminal, and
when the first analog switch and the transistor are
turned off and the second analog switch is turned on
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, an output
from the buffer is applied to one of the source and
the drain of the first transistor.

7. A semiconductor device comprising:

an antenna;
a rectifier circuit;
a logic portion; and
a flag holding circuit,
wherein the logic portion includes a clock circuit,
a logic circuit, a demodulation circuit, and a mod-
ulation circuit,
wherein the flag holding circuit includes a first
transistor, a second transistor, a third transistor,
a capacitor, and a buffer,
wherein the antenna is connected to the rectifier
circuit,
wherein the rectifier circuit is connected to the

logic portion and the flag holding circuit,
wherein a gate of the second transistor is elec-
trically connected to the logic circuit, one of a
source and a drain of the second transistor is
electrically connected to an input terminal, and
the other of the source and the drain of the sec-
ond transistor is electrically connected to one of
a source and a drain of the first transistor and
one of a source and a drain of the third transistor,
wherein a gate of the first transistor is electrically
connected to the logic circuit, and the other of
the source and the drain of the first transistor is
electrically connected to one electrode of the ca-
pacitor and an input of the buffer,
wherein the other electrode of the capacitor is
electrically connected to a reference voltage ter-
minal,
wherein an output of the buffer is electrically con-
nected to an output terminal and the other of the
source and the drain of the third transistor, and
wherein a gate of the third transistor is electri-
cally connected to the logic circuit.

8. A semiconductor device according to claim 7, where-
in the rectifier circuit supplies power supply voltage
to the logic portion and the flag holding circuit.

9. A semiconductor device according to claim 7, con-
figured so that,
when the second transistor and the first transistor
are turned on, a charge based on a signal received
by the antenna is accumulated in the capacitor, and
data corresponding to the charge is outputted from
the buffer to the output terminal, and
when, after the charge is accumulated, the second
transistor and the first transistor are turned off and
the third transistor is turned on, and an output from
the buffer is applied to one of the source and the
drain of the first transistor, the charge is held in the
capacitor.

10. A semiconductor device according to claim 9, con-
figured so that,
when the second transistor and the first transistor
are turned on, the charge accumulated in the capac-
itor is released to one of the source and the drain of
the first transistor, and data corresponding to a low
level of the charge is outputted to the output terminal,
and
when, after the charge is released, the second tran-
sistor and the first transistor are turned off and the
third transistor is turned on, the output from the buffer
is applied to one of the source and the drain of the
first transistor.

11. A semiconductor device comprising:

an antenna;
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a rectifier circuit;
a logic portion; and
a flag holding circuit,
wherein the antenna is connected to the rectifier
circuit and to the logic portion,
wherein the rectifier circuit is connected to the
logic portion and the flag holding circuit,
wherein a logic portion includes a clock circuit,
a logic circuit, a demodulation circuit, and a mod-
ulation circuit; and
wherein a flag holding circuit includes a first in-
verter, a second inverter, a transistor, a capac-
itor, a buffer, a first analog switch, a second an-
alog switch, a first input terminal, a second input
terminal, and an output terminal,
wherein the logic portion is electrically connect-
ed to the second input terminal,
wherein the first input terminal is electrically con-
nected to an input of the first inverter,
wherein an output of the first inverter is electri-
cally connected to an input of the second invert-
er, a second control terminal of the first analog
switch, and a first control terminal of the second
analog switch,
wherein an output of the second inverter is elec-
trically connected to a first control terminal of the
first analog switch, a second control terminal of
the second analog switch, and a gate of the first
transistor,
wherein the second input terminal is electrically
connected to an input of the first analog switch,
wherein an output of the first analog switch is
electrically connected to one of a source and a
drain of the transistor and to an output of the
second analog switch,
wherein the other of the source and the drain of
the transistor is electrically connected to an elec-
trode of the capacitor and to an input of the buff-
er,
wherein the other electrode of the capacitor is
electrically connected to a reference voltage ter-
minal, and
wherein an output of the buffer is electrically con-
nected to the output terminal and an input of the
second analog switch.

12. A semiconductor device according to claim 11,
wherein the rectifier circuit supplies power supply
voltage to the logic portion and the flag holding cir-
cuit.

13. A semiconductor device according to claim 11, con-
figured so that,
when the first analog switch and the transistor are
turned on and the second analog switch is turned off
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, charge

based on a signal output by the logic circuit is accu-
mulated in the capacitor, data corresponding to the
charge is outputted from the buffer to the output ter-
minal, and
when the first analog switch and the transistor are
turned off and the second analog switch is turned on
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, an output
from the buffer is applied to one of the source and
the drain of the transistor, and the charge is held in
the capacitor.

14. A semiconductor device according to claim 13, con-
figured so that,
when the first analog switch and the transistor are
turned on and the second analog switch is turned off
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, charge
accumulated in the capacitor is released to one of
the source and the drain of the transistor, data cor-
responding to a low level of the charge is outputted
from the buffer to the output terminal, and
when the first analog switch and the transistor are
turned off and the second analog switch is turned on
by outputs from the first inverter and the second in-
verter, which are obtained by inputting a signal to
the first inverter from the first input terminal, an output
from the buffer is applied to one of the source and
the drain of the first transistor.
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