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(57) Abstract: In the microcomputer in the alarm device, supply of power to a sensor portion or a CPU in a sensor is allowed or
stopped by a power gate controlled by a power gate controller. In addition, a volatile memory portion and a nonvolatile memory por-
tion are provided in the CPU, data of the volatile memory portion is stored in the nonvolatile memory portion before supply of
power to the CPU is stopped, and the data of the nonvolatile memory portion is restored to the volatile memory portion after the sup -
ply of power to the CPU is resumed. Thus, during an interval between measurement periods, supply of power to the sensor portion
and the CPU can be stopped, so that low power consumption can be achieved compared with the case where power is continuously
supplied.
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DESCRIPTION
SEMICONDUCTOR DEVICE AND ALARM DEVICE

TECHNICAL FIELD
[0001]

The disclosed invention relates to a semiconductor device. The disclosed
invention relates to an alarm device which generates a signal related to an alarm by
sensing a physical quantity relating to an abnormal situation as an example of the
semiconductor device. In particular, the disclosed inventior_l relates to an alarm device
functioning as a fire alarm.

[0002]

In this specification, an alarm device refers to any device which senses a
physical quantity relating to an abnormal situation and transmits a signal related to an
alarm, and for example, a fire alarm device (hereinafter also referred to as a fire alarm),
a gas alarm device, a burglar alarm device, and a security alarm device are included in

its category.

BACKGROUND ART
[0003]

There are a variety of kinds of alarm devices such as fire alarm devices, gas
alarm devices, burglar alarm devices, and security alarm devices. In these alarm
devices, in accordance with an abnormal situation related to an alarm, a physical
quantity such as the amount of light or temperature is measured selectively, and a
variety of sensors are used for an alarm device in accordance with the usage.

[0004] '

For example, there are a variety of systems of a fire alarm device, that is a fire
alarm, as a fire detection system such as a smoke detection system and a heat detection
system. A typical smoke-detection fire alarm is a photoelectric one utilizing light
scattéring caused by smoke.

[0005]

A photoelectric smoke detector has a structure in which a light-emitting
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element which emits light having high directivity in a circular container and a‘
light-receiving element such as a photodiode are provided (for example, see Patent
Document 1). In addition, a circuit board which controls the light-emitting element
and the light-receiving element, performs arithmetic processing of measurement data,
and transmits an electric signal is provided in a space isolated from a space in which
smoke in the container is detected.

[0006]

In the fire alarm, the light-emitting element and the light-receiving element are
arranged so that light emitted from the light-emitting element does not enter the
light-receiving element when no fire exists in the container. However, when smoke
exists in the container, light emitted from the light-emitting element can be scattered by
smoke and enter the light-receiving element. Light from the light-emitting element
enters the light-receiving element, whereby the fire alarm detects a fire.

[Reference]

[Patent Document]

[0007]

[Patent Document 1] Japanese Published Patent Application No. H5-73785

DISCLOSURE OF INVENTION
[0008]

An alarm device is a device which measures a physical quantity such as the
amount of light or temperature and raises an alarm when detecting an abnormal
situation. In other words, the alarm device needs to raise an alarm immediately in the
case where an abnormal situation occurs; however, in the case where an abnormal
situation is not detected, a physical quantity such as the amount of light or temperature
does not need to be measured continuously but it is only necessary to perform
measurement regularly for preparing for an abnormal situation.

[0009]

However, for example, a general fire alarm measures the amount of light or
temperature continuously and prepares for occurrence of smoke or heat due to a fire.
Accordingly, a control microcomputer, a sensor, an amplifier, and the like provided in

the fire alarm consume power continuously.
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[0010]

Since the fire alarms are supplied with power only from batteries in many cases,
when power is consumed continuously and the batteries are drained early, an alternate
battery or maintenance such as replacement of a battery is required many times. In
particular, since the fire alarm is generally placed on a high place such as a ceiling, a
specialist is required for maintenance in some cases. Therefore, to maintain the fire
alarm, not only power consumption and battery cost but also maintenance fee such as
employment cost is increased.

[0011]
Against such a problem, regular measurement is performed in a fire alarm and

supply of power to a circuit element in the fire alarm is stopped during an interval

- between measurement periods, which enables low power consumption. For example,

an emission interval of a light-emitting element is made longer in a photoelectric smoke
detector described in Patent Document 1, so that power consumption is reduced.
However, a control circuit, an arithmetic processing circuit, and the l‘ike, such as a
light-emission control circuit and a counter circuit, continuously consumes power.
[0012] |

In view of the above problems, in one embodiment of the disclosed invention,
an object is to provide an alarm device in which low power consumption is achieved.
In particular, an object is to provide an alarm device in which low power consumption
of a microcomputer is achieved. | |
[0013]

In the disclosed invention, in a microcomputer in an alarm device, supply of
power to a sensor portion provided with a sensor or a CPU is allowed or stopped by a
power gate controlled by a power gate controller. Accordingly, supply of power to the
sensor portion or the CPU is performed in a period during which a physical quantity
relating to an abnormal situation is measured and the supply of power to the sensor
portion or the CPU is stopped during an interval between the measurement periods, so
that power consumption can be reduced compared with the case where power is
supplied continuously.
[0014]

In addition, a volatile memory portion and a nonvolatile memory portion are
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provided in a CPU, data of the volatile memofy portion is stored in the nonvolatile
memory portion before the supply of power to the CPU is stopped, and the data of the
nonvolatile memory portion is restored to the volatile memory portion after the supply
of power to ‘the CPU is resumed. Thus, arithmetic processing related to the
measurement can be started immediately after the supply of power is resumed.

[0015]

One embodiment of the disclosed invention is an alarm device including a
microcomputer. The microcomputer includes a power gate controller electrically
connected to a power supply line, a power gate electrically connected to the power
supply line and the power gate controller, a CPU electrically connected to the power
gate, and a sensor portion electrically connected to the power gate and the CPU. The"
power gate controller includes a timer ar;d controls the power gate with the use of the
timer. The power gate allows or stops supply of power from the pdwer supply line to

the CPU and the sensor portion, in accordance with control by the power gate controller.

‘The sensor portion measures a physical quantity and transmits a measurement value to

the CPU. The CPU performs arithmetic processing on the measurement value and -
transmits a signal based on the arithmetic result. The CPU includes a volatile memory
portion and a nonvolatile memory portion, stores data of the volatile memory portion in
the nonvolatile memory portion before the power gate stops the supply of power, and
restores the data of the nonvolatile memory portion to the volatile memory portion after
the power gate allows to resume the supply of power.

[0016]

Another embodiment of the present invention is an alarm device including a
housing provided with an inlet and a microcomputer provided in the housing. The
microcomputer includes a power gate controller electrically connected to a power
supply line, a power gate electrically connected to the power supply line and the power
gate controller, a CPU electrically connected to the power gate, and a sensor portion
electrically connected to the power gate and the CPU. The power gate controller
includes a timer and controls the power gate with the use of the timer. The power gate
allows or stops supply of power from the power supply line to the CPU and the sensor
portion, in accordance with control by the power gate controller. The sensor portion

measures a physical quantity relating to a fire and transmits a measurement value to the

PCT/JP2013/064426
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CPU. The CPU performs arithmetic processing on the measurement value and
transmits a signal based on the arithmetic result. The CPU includes a volatile memory
portion and a nonvolatile memory portion, stores data of the volatile memory portion in
the nonvolatile memory portion before the power gate stops the supply of power, and
restores the data of the nonvolatile memory portion to the volatile memory portion after
the power gate allows to resume the supply of power.
{0017]

In the above, a transistor including an oxide semiconductor film is preferably

provided in the nonvolatile memory portion.

0018]

In the above, it is preferable that the alarm device further include a
light-emitting element in the housing and have a structure in which the sensor portion
includes a photo sensor which measures the amount of light as a physical quantity
relating to a fire and the light-emitting element and the photo sensor operate when the
power gate allows supply of power to the sensor portion. Further, it is preferable that
light emitted from the light-emitting element be scattered by smoke entering the
housing and then sensed by the photo sensor. A transistor including an oxide
semiconductor film may be provided in the photo sensor.

[0019]

In the above, it is preferable that the sensor portion include a temperature
sensor which measures a temperature as a physical quantity relating to a fire and the
temperature sensor measure the temperature when the power gate allows supply of
power to the sensor portion. A semiconductor element including an oxide
semiconductor and a semiconductor element including a silicon semiconductor may be
provided in the temperature sensor.

[0020]

Power may be supplied to the power supply line from a battery.
[0021]

Note that in this specification and the like, the term “high potential H” means a
potential high enough to turn on an n-channel transistor provided in a processor and turn
off a p-channel transistor when the potential is supplied to gate electrodes. Further, in

this specification and the like, the term “low potential L” means a potential low enough
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to turn off an n-channel transistor provided in a processor and turn on a p-channel
transistor when the potential is supplied to gate electrodes.
[0022]

Note that in this specification and the like, the term “over” or “below” does not
necessarily mean that a component is placed directly on or directly under another
component. For example, the expression “a gate electrode over a gate insulating
layer” does not exclude the case where another component is placed between the gate
insulating layer and the gate electrode. |
[0023]

In this specification and the like, the term “electrode” or “wiring” does not
limit the function of a component. For example, an electrode can be used as part of a
wiring, and the wiring can be used as part of the electrode. The term “electrode” or

“wiring” can also mean a combination of a plurality of electrodes or wirings, for

_example.

[0024]

Functions of a “source” and a “drain” are sometimes replaced with each other
when a transistor of opposite polarity is used or when the direction of current flowing is
changed in circuit operation, for example. Thus, in this specification and the like, the
terms “source” and “drain” can be replaced with each other.

[0025] '

Note that in this specification ‘and the like, the expression “electrically
connected” includes the case where components are connected to each other through an
“object having any electric function”. Here, there is no particular limitation on an
“object having any electric function” as long as electric signals can be transmitted and
received between components that are connected to each other.

[0026]

Examples of an “object having any electric function” include an electrode, a
wiring, a switching element such as a transistor, a resistor, an inductor, a capacitor, and
an element with a variety of functions.

[0027]
According to one embodiment of the disclosed invention, an alarm device in

which low power consumption is achieved can be provided. In particular, an alarm

PCT/JP2013/064426
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device in which low power consumption of a microcomputer is achieved can be

provided.

BRIEF DESCRIPTION OF DRAWINGS
[0028]

In the accompanying drawings:

FIG. | is a block diagram of an alarm device according to one embodiment of
the disclosed invention;

FIGS. 2A and 2B are plan views of an alarm device according to one
embodiment of the disclosed invention;

FIG. 3 is a cross-sectional view of an alarm device according to one
embodiment of the disclosed invention; | |

FIGS. 4A to 4C each are an equivalent circuit diagram of part of an alarm
device according to one embodiment of the disclosed invention;

FIG. 5 is an equivalent circuit diagram of part of an alarm device according to
one embodiment of the disclosed invention;

FIG. 6 is a diagram showing operation of an alarm device according to one

- embodiment of the disclosed invention;

FIG. 7 is an equivalent circuit diagram of part of an alarm device according to
one embodiment of the disclosed invention; |

FIG. 8 is an equivalent circuit diagram of part of an alarm device according to
one embodiment of the disclosed invention;

FIGS. 9A to 9D are cross-sectional views illustrating some of steps of
manufacturing an alarm device according to one embodiment of the disclosed invention;

FIGS. 10A to 10C are cross-sectional views illustrating some of steps of
manufacturing an alarm device according to one embodiment of the disclosed invention;

FIGS. 11A to 11C are cross-sectional views illustrating some of steps of
manufacturing an alarm device according to one embodiment of the disclosed invention;

FIGS. 12A and 12B are cross-sectional views illustrating some of steps of
manufacturing an alarm device according to one embodiment of the disclosed invention;

FIG. 13 is a cross-sectional view illustrating some of steps of manufacturing an

alarm device according to one embodiment of the disclosed invention;
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FIG. 14 is a cross-sectional view illustrating some of steps of manufacturing an
alarm device according to one embodiment of the disclosed invention; and
FIG. 15 is a block diagram illustrating a structure of a microcomputer included

in an alarm device according to one embodiment of the disclosed invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0029]

Examples of embodiments of the present invention will be described below
with reference to the drawings. Note that the present invention is not limited to the
following description. It will be readily appreciated by those skilled in the art that
modes and details of the present invention can be changed in various ways without
departing from the spirit and scope of the present invention. The present invention
therefore should not be construed as being limited to the following description of the
embodiments.

[0030] :

Note that the position, size, range, or the like of each component illustrated in
drawings and the like is not accurately represented in some cases for easy understanding.
The disclosed invention is therefore not necessarily limited to the position, size, range,
or the like disclosed in the drawings and the like.

[0031]

Note that in this specification and the like, ordinal numbers such as “first”,
“second”, and “third” are used in order to avoid confusion among components and do
not limit the number.

[0032]
(Embodiment 1)

In this embodiment, a structure and operation of an alarm device according to
one embodiment of the disclosed invention are described. As an example of the alarm
device, a structure and operation of a fire alarm are described with reference to FIG. 1,
FIGS. 2A and 2B, FIG. 3, FIGS. 4A to 4C, FIG. 5, and FIG. 6.

[0033]
A fire alarm in this specification refers to any device which raises an alarm

over fire occurrence instantly, and for example, a residential fire alarm, an automatic

PCT/JP2013/064426
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fire alarm system, and a fire detector used for the automatic fire alarm system are
included in its category.
[0034]

The structure of the alarm device according to one embodiment of the disclosed
invention is illustrated in a block diagram of FIG. 1. FIGS. 2A and 2B are plan views
of the alarm device, and FIG. 3 is a cross-sectional view thereof. The plan view in
FIG. 2A illustrates the alarm device in a state where smoke does not enter a housing 10,
and the plan view in FIG. 2B illustrates the alarm device in a state where émoke enters
the housing 10.

[0035]

As illustrated in FIG. 1, the alarm device includes at least a microcomputer 100.
Here, the microcomputer 100 is provided in the housing 10 including an inlet 12. The
microcomputer 100 includes a power gate controller 103 electrically connected to a high
potential power supply line VDD, a power gate 104 electrically connected to the high
potential power supply line VDD and the power gate controller 103, a CPU 105
electrically connected to the power gate 104, and a sensor portion 109 electrically
connected to the power gate 104 and the CPU 105. Further, the CPU 105 includes a
volatile memory portion 106 and a nonvolatile memory portion 107.

[0036]

‘ The CPU 105 is electrically connected to a bus line 102 through an interface
108. The interface 108 is also electrically connected to the power gate 104, similarly
to the CPU 105. As a bus standard of the interface 108, an 1°C bus can be used, for -
example. A light-emitting element 130 electrically connected to the power gate 104
through the interface 108 is provided in the alarm device described in this embodiment.
[0037]

The light-emitting element 130 is preferably an element which emits light with
high directivity, and for example, an organic EL element, an inorganic EL element, or a
light-emitting diode (LED) can be used.

[0038]

The power gate controller 103 includes a timer and controls the power gate 104

with the use of the timer. The power gate 104 allows or stops supply of power from

the high potential power supply line VDD to the CPU 105, the sensor portion 109, and

PCT/JP2013/064426
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the interface 108, in accordance with the control by the power gate controller 103.
Here, as an example of the power gate 104, a switching element such as a transistor can
be given.

{0039]

With the use of the power gate controller 103 and the power gate 104, power is
supplied to the sensor portion 109, the CPU 105, and the interface 108 in a period
during which the amount of light, temperature, or the like is measured, and supply of
power to the sensor portion 109, the CPU 105, and the interface 108 canl be stopped
during an interval between measurement periods. The alarm device operates in such a

manner, whereby power consumption can be reduced compared with the case where

. power is continuously supplied to the above structures.

[0040]

In the case where a transistor is used as the power gate 104, it is preferable to
use a transistor which has extremely low off-state current and is used for the nonvolatile
memory portion 107 to be described later, for example, a transistor including an oxide
semiconductor. With the use of such a transistor, leakage current can be reduced when
supply of power is stopped by the power gate 104, so that power consumption can be

reduced.

[0041]

A direct-current power source 101 may be provided in the alarm device
described in this embodiment so that power is supplied from the direct-current power
source 101 to the high potential power supply line VDD. An electrode of the
direct-current power source 101 on a high potential side is electrically connected to the
high potential power supply line VDD, and an electrode of the direct-current power
source 101 on a low potential side is electrically connected to a low potential power
supply line VSS. The low potential power supply line VSS is electrically connected to
the microcomputer 100. Here, the high potential power supply line VDD is supplied
with a high potential H. Further, the low potential power supply line VSS is supplied
with a low potential L, e.g., a ground potential (GND).

[0042]
In the case where a battery is used as the direct-current power source 101, for

example, a battery case including an electrode electrically connected to the high
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potential power supply line VDD, an electrode electrically connected to the low
potential power supply line VSS, and a housing which can hold the battery, is provided
in the housing 10. Note that the alarm device described in this embodiment does not
necessarily include the direct-current power source 101 and may have, for example, a
structure in which power is supplied from an alternate-current power source provided
outside the alarm device through-a wiring.

[0043]

As the above battery, a secondary battery such as a lithium ion secondary
battery (also called a lithium ion storage battery or simply a lithium ion battery) can be
used. Further, a solar battery is preferably provided to charge the secondary battery.
[0044)]

The sensor portion 109 measures a physical quantity relating to an abnormal
situation and transmits a measurement value to the CPU 105. A physical quantity
relating to an abnormal situation depends on the usage of the alarm device, and in an
alarm device functioning as a fire alarm, a physical quantity relating to a fire is
measured. Accordingly, the sensor portion 109 includes a photosensor Iportion 110
which measures the amount of light as a physical quantity relating to a fire and senses
smoke and a temperature sensor portion 120 which measures a temperature as a
physical quantity relating to a fire and senses heat. That is, an alarm device including '
the photosensor portion 110 and the temperature sensor portion 120 functions as a
smoke-sensing and heat-sensing fire alarm.

[0045]

The photosensor portion 110 includes a photo sensor 111 electrically connected
to the power gate 104, an amplifier 112 electrically connected to the power gate 104,
and an AD converter 113 electrically connected to the power gate 104 and the CPU 105.
The photo sensor 111, the amplifier 112, and the AD converter 113 which are provided
in the photosensor portion 110 and the light-emitting element 130 operate when the
power gate 104 allows supply of power to the photosensor portion 110. Here, as the
photo sensor 111, one provided with a photoelectric conversion element such as a
photodiode can be used, for example.

[0046]

Here, how the alarm device functioning as a fire alarm detects smoke is
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described with reference to FIGS. 2A and 2B and FIG. 3. As illustrated in FIGS. 2A
and 2B and FIG. 3, the alarm device functioning as a fire alarm includes the housing 10
in which central axes align on one surface of a first cylindrical portion and a second
cylindrical portion having a radius smaller than that of the first cylindrical portion is
provided. The inlet 12 is provided on a side surface of the second cylindrical portion
of the housing 10, and the microcomputer 100 and the light-emitting element 130 are
provided in contact with an inner wall of the first cylindrical portion of the housing 10.
Note that the microcomputer 100 and the light-emitting element 130 are provided so as
not to face each other with respect to the center point of the bottom surface of the first
cylindrical portion. Note that the housing 10 of the alarm device according to this
embodiment is not limited to this structure and can be changed as appropriate depending
on the usage of the alarm device, an installation requirement, or the like.

[0047]

In FIGS. 2A and 2B, a solid arrow denotes light. As illustrated in FIG. 2A,
although the light-emitting element 130 emits light 13 with high directivity, the
light-emitting element 130 and the microcomputer 100 are not provided to face each
other; thus, light 13 emitted from the light-emitting element 130 is emitted in a direction
different from the direction toward the microcomputer 100. In other words, when
there is no smoke in the housing 10, light 13 emitted from the light-emitting element
130 does not enter the photo sensor 111 in the microcomputer 100.

[0048]

However, as illustrated in FIG. 2B, when smoke 14 enters the inside of the
housing 10 through the inlet 12, light 13 emitted from the light-emitting element 130 is
scattered by the smoke 14, so that the light 13 enters the photo sensor 111 in the
microcomputer 100. When the light 13 enters the photo sensor 111, a potential in
accordance with the amount of received light 13 is input from the photo sensor 111 to
the amplifier 112, a potential amplified by the amplifier 112 is input to the AD
converter 113, and a potential converted from an analog signal to a digital signal in the
AD converter 113 is transmitted to the CPU 105. In such a manner, the alarm device
including the photosensor portion 110 detects smoke relating to a fire.

[0049]

Further the temperature sensor portion 120 includes a temperature sensor 121
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electrically connected to the power gate 104, an amplifier 122 electrically connected to
the power gate 104, and an AD converter 123 electrically connected to the power gate
104 and the CPU 105. The temperature sensor 121, the amplifier 122, and the AD
converter 123 which are provided in the temperature sensor portion 120 operate when
the power gate 104 allows supply of power to the temperature sensor portion 120.
Here, for example, a thermistor (resistive element of which resistance varies depending
on temperature) or an 1C temperature sensor (which uses a temperature characteristics
of a base-emitter voltage of an NPN transistor) can be used as the temperature sensor
121. The temperature sensor 121 can be formed using two or more kinds of
semiconductor elements with different temperature characteristics.

[0050] |

When a temperature value is input to the temperature sensor 121, a potential in
accordance with the input temperature value is input to the amplifier 122, a potential
amplified by the amplifier 122 is input to the AD converter 123, and a potential
converted from an analog signal to a digital signal in the AD converter 123 is
transmitted to the CPU 105. In such a manner, the alarm device including the
temperature sensor portion 120 detects heat relating to a fire.

[0051] ‘

As described above, when the photosensor portion 110 which detects smoke
and the temperature sensor portion 120 which detects heat are provided in the sensor
portion 109, the accuracy of detection of a fire can be increased.

[0052]

Note that in the alarm device described in this embodiment, the photosensor
portion 110 and the temperature sensor portion 120 are not necessarily provided as the
sensor portion 109. For example, either the photosensor portion 110 or the
temperature sensor portion 120 may be provided. ~ Alternatively, neither the
photosensor portion 110 nor the temperature sensor portion 120 is necessary to be
provided in sensor portion 109. In this case, a sensor which measures a physical
quantity, not the amount of light and temperature, is provided as the sensor portion 109,
and a sensor which measures an ultraviolet ray, an infrared ray, carbon monoxide, or the
like can be provided. For example, in the case where an infrared ray is sensed, a

photoelectric conversion element using germanium having a light absorption
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wavelength different from that of silicon can be used.
[0053]

Note that in the case where the photosensor portion 110 is not provided, the
light-emitting element 130 does not need to be provided.
[0054]

The alarm device according to this embodiment is not limited to a fire alarm
and can be used as various alarm devices, for example, a gas alarm device, a burglar
alarm device, and a security alarm device. In the case where the alarm device
described in this embodiment is used as an alarm device which is not a fire alarm, a
sensor which can measure a physical quantity in accordance with an abnormal situation
to be checked by the alarm device is provided in the sensor portion 109.

[0055]

Further, the alarm device according to this embodiment has a structure in
which the sensor portion 109 including the temperature sensor portion 120 and the
photosensor portion 110 is provided in the microcomputer 100; however, the alarm
device according to the present invention is not limited thereto. A structure in which
the sensor portion 109 is provided outside the microcomputer 100 and the sensor
portion 109 and the microcomputer 100 are electrically connected to each other through
a wiring or the like may be employed.

[0056]

Alternatively, only part of the sensor portion 109 may be provided outside the
microcomputer 100. For example, the microcomputer 100. according to this
embodiment may have a structure in which the AD converter 113 in the photosensor
portion 110 and the AD converter 123 in the temperature sensor portion 120 are
provided inside the microcomputer 100, and the photo sensor 111 and the amplifier 112
in the photosensor portion 110 and the temperature sensor 121 and the amplifier 122 in

the temperature sensor portion 120 are provided outside the microcomputer 100.

- [0057]

The CPU 105 performs. arithmetic processing on a measurement value and
transmits a signal based on the arithmetic result. The signal transmitted from the CPU
105 is output to the bus line 102 through the interface 108. In the case where the alarm

device according to this embodiment is used as a fire detector of an automatic fire alarm
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system, the signal is transmitted to a receiver of the automatic fire alarm system and the
receiver raises an alarm.  Further, in the case where the alarm device according to this
embodiment is used as a residential fire alarm, the signal is transmitted to the alarm
device electrically connected to the CPU 105 instead of the bus line 102 and an alarm is
raised. Here, as a way of raising an alarm by the alarm device, voice, beep sound, light
emission, smell, or the like can be used.

[0058]

Further, transmission of a signal to the above receiver or alarm device is not
necessarily performed through a wire and may be performed wirelessly. For example,
the alarm device may be provided with a wireless chip.

[0059]

Further, the CPU 105 includes the volatile memory . portion 106 and the
nonvolatile memory portion 107. Before the power gate 104 stops supply of power,
data of the volatile memory portion 106 is stored in the nonvolatile memory portion 107,
and after the power gate 104 allows the supply'of power, the data of the nonvolatile
memory portion 107 is restored to the volatile memory portion 106.

[0060]

The volatile memory portion 106 includes a plurality of volatile memory
elements and also incluéles a circuit relating to control thereof and the like. Note that
access speed of the volatile memory element iﬁcluded in the volatile memory portion
106 is higher than at least that of a nonvolatile memory element included in the
nonvolatile memory portion 107 to be described later.

[0061]

A semiconductor material used for a transistor included in the volatile memory
element is not particularly limited. However, the semiconductor material preferably
has a band gap width different from that of a semiconductor material used for a
transistor with low off-state current in the nonvolatile memory element to be described
later. Such a semiconductor material can be, for example, silicon, germanium, silicon
germanium, or gallium arsenide and is preferably Single crystal. In order to increase
the speed of processing data, it is preferable to use, for example, a transistor with high
switching speed, such as a transistor formed using single crystal silicon.

[0062]
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The nonvolatile memory portion 107 includes a plurality of nonvolatile
memory elements and also includes a circuit relating to control thereof and the like.
The nonvolatile memory element is electrically connected to a node holding electric
charge corresponding to data of the volatile memory element and is used for storing data
from the volatile memory element in a period during which power is not supplied.
Accordingly, the nonvolatile memory element included in the nonvolatile memory
portion 107 has a longer data holding time than at least the volatile memory element to
which power is not supplied.

[0063]

Here, examples of a structure of the nonvolatile memory element in the
nonvolatile memory portion 107 are described using circuit diagrams in FIGS. 4A to
4C.

[0064]

The nonvolatile memory portion 107 in FIG. 4A includes a transistor 140 and a
capacitor 141 and is electrically connected to the volatile memory portion 106 through
the transistor 140. Note that in this embodiment, the transistor 140 is an n-channel
transistor; however, a p-channel transistor may be used as appropriate. In such a case,
a potential supplied to a gate electfode is inverted as appropriate;

[0065]

Specifically, a source electrode (or a drain electrode) of the transistor 140 is
electrically connected to a node holding electric charge corresponding to data of the
volatile memory portion 106. The drain electrode (or the source electrode) of the
transistor 140 is electrically connected to one electrdde of the capacitor 141 (hereinafter
the drain electrode of the transistor 140 is referred to as a node M1 in some cases). A
write control signal WE is supplied to the gate electrode of the transistor 140, and the
transistor 140 is turned on or off in accordance with the potential of the write control
signal WE. A predetermined potential is supplied to the other electrode of the
capacitor 141. Here, the predetermined potential is, for example, a ground potential
(GND). By providing the capacitor 141 in this manner, much electric charge can be
held in the node M1, so that data holding characteristics can be improved.

[0066]

The transistor 140 is preferably a transistor with extremely low off-state current.
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The transistor with extremely low off-state current preferably includes, in a channel
formation region, a wide band gap semiconductor having a wider band gap and lower
intrinsic carrier density than single crystal silicon. For example, the band gap of the
wide band gap semiconductor is more than 1.1 eV, preferably 2.5 eV or more and 4 eV
or less, more preferably 3 eV or more and 3.8 eV or less. For example, as the wide
band gap semiconductor, a compound semiconductor such as silicon carbide (SiC) or
gallium nitride (GaN), an oxide semiconductor formed using metal oxide such as an
In-Ga-Zn-O-based oxide semicond.uctor, or the like can be used. Alternatively, since a
transistor including amorphous silicon, microcrystalline silicon, or the like can have
lower off-state current than a transistor including single crystal silicon, the transistor
140 may employ amorphous silicon, microcrystalline silicon, or the like.

[0067]

Here, the band gap of single crystal silicon is approximately 1.1 €V, and even
in a state where there is no carrier caused by a donor or an acceptor (i.e., even in the
case of an intrinsic semiconductor), the concentration of thermally excited carriers is
approximately 1 x 10" ¢cm™. The band gap of the In-Ga-Zn-O-based oxide
semiconductor which is the wide band gap semiconductor is approximately 3.2 eV and
the concentration of thermally excited carriers is approximately 1 x 107" cm™. The
off-state resistance (resistance between a source and a drain of a transistor in an off
state) of a transistor is inversely proportional to the concentration-of thermally excited
carriers in the channel formation region. Accordingly, the resistivity of the
In-Ga-Zn-O-based oxide semiconductor at the time when the transistor is off is 18
orders of magnitude higher than that of silicon.

[0068]

By using such a wide band gap semiconductor for the transistor 140, for
example, off-state current (per unit channel width (1 um), here) at room temperature (25
°C) is 100 zA (1 zA (zeptoampere) is 1 x 107" A) or lower, preferébly 10 zA or lower.
[0069]

For example, when the off-state current of the transistor 140 at room
temperature (25 °C) (per unit channel width (1 pm), here) is 10 zA or lower, data can be

held for 10* seconds or longer. Needless to say, the holding time depends on the
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characteristics of the transistor 140, a capacitance value of a capacitor in the electrode
of the transistor 140 and the like.
[0070]

In this embodiment, a transistor including an oxide semiconductor whose
off-state current is extremely low is used as the transistor 140.

[0071]

When data is stored from the volatile memory portion 106, by turning on the
transistor 140 by supply of the high potential H as the write control signal WE, the
potential of the node holding electric charge corresponding to data of the volatile
memory portion 106 is supplied to the node M1. After that, by turning off the

transistor 140 by supply of the low potential L as the write control signal WE, electric

‘charge supplied to the node M1 is held. Here, since the off-state current of the

transistor 140 is extremely low, electric charge in the node M1 is held for a long time. .
[0072]

When data is restored to the volatile memory portion 106, by turning onthe
transistor 140 by supply of the high potential H as the write control signal WE, the
potential of the node M1 is supplied to the node holding electric charge corresponding
to data of the volatile memory portion 106.

[0073] |

By using a wide band gap semiconductor or the like for the transistor 140, the
off-state current of the transistor 140 can be extremely low. Thus, by turning off the
transistor 140, the potential of the node M1 can be held for an extremely long time.
With such a structure, the nonvolatile memory portion 107 can be used as a nonvolatile
memory element capable of holding data without supply of power.

[0074]

As illustrated in FIG. 4B, the nonvolatile memory portion 107 may include a
transistor 142 in addition to the components in FIG. 4A. A gate electrode of the
transistor 142 is electrically connected to the node M1. A drain electrode (or a source
electrode) of the transistor 142 is electrically connected to the node holding electric
charge corresponding to data of the volatile memory portion 106. A predetermined
potential is supplied to the source electrode (or the drain electrode) of the transistor 142.

[0075]
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In the nonvolatile memory portion 107 in FIG. 4B, the state of the transistor
142 depends on a potential held in the node M1 in the storage of data. In other words,
the transistor 142 is turned on when the high potential H is supplied in the storage of
data, and the transistor 142 is turned off when the low potential L is supplied in the
étorage of data.

[0076]

| In restorage of data, the potential of the drain electrode of the transistor 142 is
supplied to the node holding electric charge corresponding to data of the volatile
memory portion 106. In other words, when the high potential H is supplied to the
node M1 in the storage of data, the transistor 142 is on, and the potential of the source
electrode of the transistor 142 is supplied to the volatile memory portion 106. Further,
when the low potential L is supplied to the node M1 in the storage of data, the transistor
142 is off, and the potential of the source electrode of the transistor 142 is not supplied
to the volatile memory portion 106. '
[0077]

In order to increase the speed of reading data, it is preferable to use a transistor
that is similar to the transistor used for the volatile memory element as the transistor
142.

[0078]

Note that the source electrode of the. transistor 142 and the other electrode of
the capacitor 141 may have the same potential or different potentials. The source
electrode of the transistor 142 and the other electrode of the capacitor 141 may be
electrically connected to each other. Further, the capacitor 141 is not necessarily
provided. For example, in the case where the parasitic capacitance of the transistor
142 is high, the parasitic capacitance can be used instead of the capacitor 141.

[0079]

Here, the drain electrode of the transistor 140 and the gate electrode of the
transistor 142 (i.e., the node MI1) have the same effect as a floating gate of a
floating-gate transistor used as a nonvolatile memory element. However, since data
can be directly rewritten by turning on or off the transistor 140, injection of electric
charge into a floating gate and extraction of electric charge from the floating gate with

the use of high voltage are not necessary. In other words, in the nonvolatile memory
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portion 107, high voltage needed for writing or erasing data in a cdnventional floating
gate transistor is not necessary. Thus, by using the nonvolatile memory portion 107 in
this embodiment, power consumption needed for storage of data can be reduced.

[0080]

For similar reasons, a decrease in operation speed due to data writing or data
erasing can be reduced; thus, the nonvolatile memory portion 107 can operate at high
speed. Further, for similar reasons, the problem of deterioration of a gate insulating
film (a tunnel insulating film) that is pointed out in a conventional floating gate
transisto.r does not exist. In other words, unlike in a conventional floating gate
transistor, the nonvolatile memory portion 107 described in this embodiment has no
limitation on the number of writings in principle. From the above, the nonvolatile
memory portion 107 can be adequately used as a memory device that needs many
rewritings and high-speed operation, such as a register.

[0081] '

As illustrated in FIG. 4C, the nonvolatile memory portion 107 may include a
transistor 143 in addition to the components in FIG. 4B. A read control signal RD is
supplied to a gate electrode of the transistor 143. A drain electrode (or a source
electrode) of the transistor 143 is electrically connected to the node holding electric
charge corresponding to data of the volatile memory portion 106. The source electrode
(or the drain electrode) of the transistor 143 is electrically connected to the drain
electrode of the transistor 142.

[0082]

Here, the read control signal RD is a signal for supplying the high potential H
to the gate electrode of the transistor 143 at the time of the restorage of data. In this
case, the transistor 143 can be turned on. Accordingly, at the time of the restorage of
data, a potential based on the on state or off state of the transistor 142 can be supplied to
the node holding electric charge corresponding to data of the volatile memory portion
106.

[0083]

Note that in order to increase the speed of reading data, it is preferable to use a

transistor that is similar to the transistor used for the volatile memory element in the

volatile memory portion 106 as the transistor 143.
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[0084]

FIG. 5 shows an example of a circuit configuration of a nonvolatile register
which can hold 1-bit data and includes the nonvolatile memory portion 107 in FIG. 4C.
Note that in FIG. 5, the same reference numerals are used for the same components as
those in FIG. 4C. |
[0085]

The register in FIG. 5 includes a flip-flop 148, the nonvolatile memory portion
107, and a selector 145. In the register in FIG. 5, the flip-flop 148 is provided as the
volatile memory portion 106 in FIG. 4C.

[0086]

The flip-flop 148 is supplied with a reset signal RST, a clock signal CLK, and a
data signal. The flip-flop 148 has a function of holding data of a data signal D that is
input in accordance with the clock signal CLK and outputting the data as a data signal
Q.

[0087] »

The nonvolatile memory portion 107 is supplied with the write control signal
WE, the read control signal RD, and the data signal Q.

[0088]

The nonvolatile memory portion 107 has a function of storing data of an
inputted data sign‘al Q in accordance with the write control signal WE and outputting
the stored data as the data signal Q in accordance with the read control signal RD.
[0089]

The selector 145 selects the data signal D or the data signal Q output from the
nonvolatile memory portion 107 and inputs the selected signal to the flip-flop 148 in
accordance with the read control signal RD.

[0090]

Further, as illustrated in FIG. 5, the transistor 140 and the capacitor 141 are
provided in the nonvolatile memory portion 107.

[0091]

The transistor 140 is an n-channel transistor. One of a source electrode and a
drain electrode of the transistor 140 is electrically connected to an output terminal of the

flip-flop 148. The transistor 140 has a function of controlling holding a data signal
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output from the flip-flop 148 in accordance with the write control signal WE.
[0092]

The transistor 140 can be a transistor which includes an oxide semiconductor
and has low off-state current, as in the structure in FIG. 4C.
[0093]

One of a pair of electrodes of the capacitor 141 is electrically connected to the
other of the source electrode and the drain electrode of the transistor 140 (hereinafter the
node is referred to as a node M1 in éome cases). The low potential L is supplied to the
other of the pair of electrodes of the capacitor 141. The capacitor 141 has a function of
holding electric charge based on data of the stored data signal D in the node M1.
Since the off-state current of the transistor 140 is extremely low, the electric charge in
the node M1 is held and thus the data is held even when supply of the power supply
voltage is stopped.

[0094]
A transistor 144 is a p-channel transistor. One of a source electrode and a

drain electrode of the transistor 144 is supplied with the high potential H. A gate

" electrode of the transistor 144 is supplied with the read control signal RD. The

difference between the high potential H and the low potential L is a power supply
voltage.
[0095]

The transistor 143 is an n-channel transistor. One of the source electrode and
the drain electrode of the transistor 143 is electrically connected to the other of the
source electrode and the drain electrode of the transistor 144 (hereinafter the node is
referred to as the node M2 in some cases). The gate electrode of the transistor 143 is
supplied with the read control signal RD.

[0096]

The transistor 142 is an n-channel transistor. One of the source electrode and
the drain electrode of the transistor 142 is electrically connected to the other of the
source electrode énd the drain electrode of the transistor 143, and the other thereof is
supplied with the low potential L.

[0097]

An input terminal of an inverter 146 is electrically connected to the one of the
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source electrode and the drain electrode of the transistor 144. An output terminal of
the inverter 146 is electrically connected to an input terminal of the selector 145.
[0098]

One of a pair of electrodes of a capacitor 147 is electrically connected to the
input ternﬁnal of the inverter 146, and the other thereof is supplied with the low
potential L. The capacitor 147 has a function of holding electric charge based on data
of a data signal input to the inverter 146.

[0099]

In the register having the above-described structure in FIG. 5, when data is
stored from the flip-flop 148, the transistor 140 is turned on by supply of the high
potential H as the write control signal WE, so that electric charge based on data of the
data signal Q in the flip-flop 148 is supplied to the node M1. After that, by turning off
the transistor 140 by supply of the low potential L as the potential of the write control
signal WE, elecfric charge supplied to the node M1 is held. While the low potential L
is supplied as the potential of the read control signal RD, the transistor 143 is turned off
and the transistor 144 is turned on, so that the potential of the node M2 becomes the
high potential H.

[0100]

When data is restored from the flip-flop 148, by supply of the high potential H
as the read control signal RD, the transistor 144 is turned off and the transistor 143 is
turned on, so that a potential based on the electric charge held in the node Ml is
supplied to the node M2. In the case where electric charge corresponding to the high
potential H of the data signal Q is held in the node M1, the transistor 142 is turned on,
the low potential L is supplied to the node M2, and the high potential H is restored to
the flip-flop 148 through the inverter 146. Alternatively, in the case where electric
charge corresponding to the loW potential L of the data signal Q is held in the node M,
the transistor 142 is turned off, the high potential H in the node M2 when the low
potential L is supplied is held as the potential of the read control signal RD, and the low
potential L is restored to the flip-flop 148 through the inverter 146.

[0101] '
By provision of the volatile memory portion 106 and the nonvolatile memory

portion 107 in the CPU 105 as described above, data can be stored from the volatile
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memory portion 106 in the nonvolatile memory portion 107 before supply of power to
the CPU 105 is stopped and data can be quickly restored from the nonvolatile memory
portion 107 to the volatile memory portion 106 when the supply of power to the CPU
105 is resumed.

[0102]

By storing and restoring data in such a manner, the CPU 105 does not need to
be started up from a state where the volatile memory portion 106 is initialized every
time the supply of power is stopped; thus, after the supply of power is resumed, the
CPU 105 can start arithmetic processing relating to measurement immediately.

[0103]

. In the above, the structure of the nonvolatile memory portion 107 is not limited
to the structures in FIGS. 4A to 4C and FIG. 5. For example, a phase change memory
(PCM), a resistance random access memory (ReRAM), a magnetoresistive random
access memory (MRAM), a ferroelectric random access memory (FERAM), or a flash
memory can be used. |
[0104]

A plurality of volatile memory elements in the volatile memory portion 106‘
can be included in, for example, a register such as a buffer register or a general-purpose
register. A cache memory including a static random access memory (SRAM) or the
like can also be provided in the volatile memory portion 106. The register and cache
memory can store data in the nonvolatile memory portion 107.

[0105]

Next, operation of the alarm device according to this embodiment is described
with reference to FIG. 6. FIG. 6 is a diagram showing the state of the power gate 104
and the operation of the microcomputer 100 in a power supply period Ton and a
power-off period Toff.

[0106]

The alarm device according to this embodiment operates in the following
divided periods: the power supply period Ton during which the power gate 104 is in an
on state and power is supplied to the CPU 105, the sensor portion 109, and the interface
108; and the power-off period Toff during which the power gate 104 is in an off state
and supply of power to the CPU 105, the sensor portion 109, and the interface 108 is
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stopped.
[0107]

The operation of the microcomputer 100 in the power supply period Ton
during which the power gate 104 is in an on state is described.  First, by control by the
power gate controller 103, the power gate 104 is turned on and power is on. At this
time, supply of power to the CPU 105, the sensor portion 109, and the interface 108
from the high potential power supply line VDD is started through the power gate 104.
In the case where the photosensbr portion 110 is provided in the sensor portion 109,
supply of power to the photo sensor 111, the amplifier 112, the AD converter 113, and
the light-emitting element 130 is also started. Further, in the case where the
temperature sensor portion 120 is provided in the sensor portion 109, supply of power to
the temperature sensor 121, the amplifier 122, and the AD converter 123 is also started.
[0108]

Note that power is not necessarily supplied to the CPU 105, the sensor portion
109, and the interface 108 at the same time. For example, at the timing of the use of
the CPU 105, the photosensor portion 110, the temperature sensor portion 120, and the
interface 108, power can be supplied at different timings.

[0109]

Next, in the CPU 105, data is restored from the nonvolatile memory portion
107 to the volatile memory portion 106.. The above description of FIGS. 4A to 4C and
FIG. 5 can be referred to for details of the storage of data. By performing the restorage
of data-in the CPU 105 in such a manner, the CPU 105 does not need to be started up
from the state where the volatile memory portion 106 is initialized every time the power
supply period Ton begins; thus, after the supply of power is resumed, the CPU 105 can
start arithmetic processing immediately.

[0110]

Next, in the sensor portion 109, a physical quantity relating to an abnormal
situation is measured. In the alarm device functioning as a fire alarm, in the
photosensor portion 110, light from the light-emitting element 130 is received by the
photo sensor 111, a potential in accordance with the amount of received light is input
from the photo sensor 111 to the amplifier 112, and a potential amplified by the

amplifier 112 is input to the AD converter 113. A potential converted from an analog
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signal to a digital signal in the AD converter 113 is transmitted to the CPU 105 as a
measurement value obtained by the photosensor portion 110.
[0111]

Further, in the temperature sensor portion 120, a potential in accordance with a
temperatﬁre is input from the temperature sensor 121 to the amplifier 122 and a
potential amplified by the amplifier 122 is input to the AD converter 123. A potential
converted from an analog signal to a digital signal in the AD converter 123 is
transmitted to the CPU 105.

[0112]

Next, in the CPU 105, arithmetic processing is performed on the measurement
value transmitted from the sensor portion 109. For example, in the arithmetic
process.ing, whether a fire occurs or not is determined based on the measurement value
transmitted from the sensor portion 109 and a fire occurrence signal or a no fire signal is
transmitted.

[0113] |

Next, a signal based on the arithmetic result is transmitted from the CPU 105 to
the bus line 102 through the interface 108. In the case where the alarm device
according to this embodiment is used as a fire detector of an automatic fire alarm
system, the signal is transmitted to a receiver of the automatic fire alarm system, and
when the signal is a fire occurrence signal, the receiver raises an alarm.

[0114]

Further, in the case where the alarm device according to this embodiment is
used as a residential fire alarm, the signal is transmitted to the alarm device electrically
connected to the CPU 105 instead of the bus line 102, and when the signal is a fire
occurrence signal, the alarm device raises an alarm.

[0115]

Next, in the CPU 105, data is stored from the volatile memory portion 106 to
the nonvolatile memory portion 107. The above description of FIGS. 4A to 4C and
FIG. 5 can be referred to for details of the storage of data.

[0116]

Next, by control by the power gate controller 103, the power gate 104 is turned

off and power is off. At this time, supply of power to the CPU 105, the sensor portion
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109, and the interface 108 from the high potential power supply line VDD is stopped
through the power gate 104. In the case where the photosensor portion 110 is provided
in the sensor portion 109, supply of power to the photo sensor 111, the amplifier 112,
the AD converter 113, and the light-emitting element 130 is also stopped. Further, in
the case where the temperature sensor portion 120 is provided in the sensor portion 109,
supply of power to the temperature sensor 121, the amplifier 122, and the AD converter
123 is also stopped.

[0117]

Note that supply of power to the CPU 105, the sensor portion 109, and the
interface 108 is not necessarily stopped at the same time. For example, at the timing
of the end of the use of the CPU 105, the photosensor portion 110, the temperature
sensor portion 120, and the interface 108, supply of power can be stopped at different
timings.

[0118]

When the power supply period Ton ends as described above, the power-off
period Toff begins. Here, the power gate controller 103 makes its timer operate and
starts measuring time when the power gate 104 is turned off. After passage of a
certain period of time is measured by the timer, the power gate controller 103 turns on
the power gate 104 again, and the power supply period Ton is resumed. Note that the
period measured by the timer may be changed with software.

[0119]

The alarm device operates in the power supply period Ton and the power-off
period Toff with the use of the power gate controller 103 and the power gate 104 in
such a manner, whereby power consumption can be reduced compared with the case
where power is continuously supplied. For example, it is sufficient that measurement
for fire detection is performed every 30 seconds, and the power supply period Ton takes
0.1 second or less; thus, the power-off period Toff takes 29.9 seconds. Since the
power-off period Toff can be longer than the power supply period Ton in this manner,
power consumption can be sufficiently reduced.

[0120]
In the alarm device to which power is supplied only with a battery, battery

drain is reduced by achieving sufficient reduction in power consumption, so that an
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alternate battery or maintenance such as battery replacement can be reduced. In
particular, since the fire alarm is generally placed on a high place such as a ceiling, a
specialist is required for maintenance in some cases; however, by suppressing power
drain, maintenance fee such as employment cost can also be reduced.

[0121]

In addition, by provision of the volatile memory portion 106 and the
nonvolatile memory portion, 107 in the CPU 105, data can be stored from the volatile
memory portion 106 in the nonvolatile memory portion 107 before supply of power to
the CPU 105 is stopped and data can be quickly restored from the nonvolatile memory
portion 107 to the volatile memory portion 106 when the supply of power to the CPU
105 is resumed. Thus, after the supply of power is resumed, the CPU 105 can start
arithmetic processing immediately.

[0122]

By provision of the volatile memory portion 106 and the nonvolatile memory
portion 107 which can store and restore data in this manner, even when power
consumption of the CPU 105 is reduced by providing the power supply period Ton and
the power-off period Toff, the -alarm device operate without a large increase in time
required for start up of the CPU 105.

[0123]
The methods, structures, and the like described in this embodiment can be
combined as appropriate with any of the methods, structures, and the like described in

the other embodiments.

[0124]

(Embodiment 2)

In this embodiment, an example of a configuration of the photosensor portion
described in the above embodiment, particularly the photo sensor 111, is described with
reference to FIG. 7.

[0125]

FIG. 7 shows an éxample of a circuit configuration of a photosensor portion of
an alarm device, according to one embodiment of the disclosed invention. Note that in
FIG. 7, the same reference numerals are used for the same components as thosé in FIG.

1.
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[0126]

The photosensor portion in FIG. 7 includes the photo sensor 111, the amplifier
112, and the AD converter 113. The photo sensor 111 includes a photoelectric
conversion element 114, a capacitor 115, a transistor 116, a transistor 117, a transistor
118, and a transistor 119. As the photoelectric conversion element 114, a photodiode
or the like can be used here, for example.

[0127]

One of terminals of the photoelectric conversion element 114 is electrically
connected to the low potential power supply line VSS, and the other of the terminals
thereof is electrically connected to one of a source electrode and a drain electrode of the
transistor 117. A gate electrode of the transistor 117 is supplied with an electric
charge accumulation control Tx, and the other of the source electrode and the drain
electrode thereof is electrically connected to one of a pair of electrodes of the capacitor
115, one of a source electrode and a drain electrode of the transistor 116, and a gate
electrode of the transistor 119 (hereinafter the node is referred to as a node FD in some
cases). The other of the pair of electrodes of the capacitor 115 is electrically connected
to the low potential power supply line VSS. A gate electrode of the transistor 116 is
supplied with a reset signal Res, and the other of the source electrode and the drain
electrode thereof is electrically connected to the high potential power supply line VDD.
One of a source electrode and a drain electrode of the transistor 119 is electrically

connected to one of a source electrode and a drain electrode of the transistor 118 and the

'ampliﬁer 112. The other of the source electrode and the drain electrode of the

transistor 119 is electrically connected to the high potential power supply line VDD.
A gate electrode of the transistor 118 is supplied with a bias signal Bias, and thé other
of the source electrode and the drain electrode thereof is electrically connected to the
low potential power supply line VSS.

[0128]

The photo sensor 111 operates in the following manner. First, a potential at
which the transistor 116 is turned on is supplied as the reset signal Res, so that the
transistor 116 is turned on. Accordingly, the high potential H of the high potential
power supply line VDD is supplied to the node FD, so that the photo sensor 111 is reset.
[0129]

PCT/JP2013/064426
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Next, the transistor 116 is turned off and the transistor 117 is supplied with a
potential at which the transistor 117 is turned on as the electric charge accumulation
control signal Tx. Thus, when the light 13 from the light-emitting element 130
described in the above embodiment enters the photoelectric conversion element 114,
photocurrent flows to the photoelectric conversion element 114 in accordance with the
amount of received light 13, and the capacitor 115 performs dis'charging in accordance
with the photocurrent. Consequently, a potential of the node FD is decfeased in
accordance with the photocurrent. Note that in the case where light from the
light-emitting element 130 does not enter the photoelectric conversion element 114, the
amount of flowing photocurrent is smaller than that in the case where light 13 from the
light-emitting element 130 enters the photoelectric conversion element 114; therefore, a
decrease in the potential of the node FD is also small.

[0130]

When the transistor 117 is turned off after a certain period, the discharge of the .
capacitor 115 is stopped and the potential of the node FD is détermined. The potential
of the node FD is output to the amplifier 112 from the transistor 118 and the transistor
119 included in a source follower circuit. A potential amplified by the amplifier 112 is
input to the AD converter 113, and a potential converted from an analog signal to a
digital signal in the AD converter 113 is transmitted, as a measurement value obtained
by the photosensor portion, to the CPU 105 described in the above embodiment.

[0131]

The above-described photosensor portion can be used for the alarm device
described in Embodiment 1 in which low power consumption is achieved.
[0132]

Since the photosensor portion described in this embodiment can be
incorporated into the microcomputer 100 described in the above embodiment, the
number of components can be reduced and the size of the housing 10 can be reduced.
[0133]

Note that the capacitor 115 is not necessarily provided. For example, in the
case where parasitic capacitance of the transistor 119 or the like is sufficiently large, a
structure without the capacitor 115 may be employed. Further, as each of the -

transistors 116 and 117, the transistor with extremely low off-state current which is
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described in the above embodiment is preferably used. As the transistor with
extremely low off-state current, a transistor including an oxide semiconductor is
preferably is used as described in the above embodiment. With such a structure, the
potential of the node FD can be held for a long time.

[0134]

The configuration of the photosensor portion described in this embodiment is
merely an example and can be modified as appropriate depending on conditions of the
alarm device or the like.

[0135]

The methods, structures, and the like described in this embodiment can be
combined as appropriate with any of the methods, structures, and the like described in
the other embodiments.’

[0136]
(Embodiment 3)

In this embodiment, an example of a configuration of the temperature sensor
portion described in the above embodiment, particularly the temperature sensor 121, is
described with reference to FIG. 8.

[0137]

FIG. 8 shows an example of a circuit configuration of a temperature sensor
portion of an alarm device, according to one embodiment of the disclosed invgntion.
Note that in FIG. 8, the same reference numerals are used fdr the same components as
those in FIG. 1.

[0138]

. The tempefature sensor portion in FIG. 8 includes the temperature sensor 121,
the amplifier 122, and the AD converter 123. The temperature sensor 121 includes a
semiconductor element 124 including an oxide semiconductor, a semiconductor element
125 including a semiconductor whose temperature dependency is higher than that of an
oxide semiconductor, a constant current circuit 126, and a constant current circuit 127.
[0139]

One of terminals of the semiconductor element 124 is electrically connected to
the low potential power supbly line VSS, and the other of the terminals thereof is

electrically connected to one of terminals of the constant current circuit 126 and one of



10

15

20

25

30

WO 2013/180016

PCT/JP2013/064426

32

terminals of the amplifier 122. The other of the terminals of the constant current
circuit 126 is electrically connected to the high potential power supply line VDD. One
of terminals of the semiconductor element 125 is electrically connected to the low
potential power supply line VSS, and the other of the terminals thereof is electrically
connected to one of terminals of the constant current circuit 127 and the other of the
terminals of the amplifier 122. The other of the terminals of the constant current
circuit 127 is electrically connected to the high potential power supply line VDD.

[0140]

As an oxide semiconductor used for the semiconductor element 124, for
example, it is possible to use the oxide semiconductor which is used for the transistor
with extremely low off-state current in the above embodiment. The semiconductor
element 124 can be formed by short-circuiting a gate electrode and a drain electrode of
a transistor.  Further, the semiconductor element 125 includes a semiconductor whose
temperature dependency is higher than that of an oxide semiconductor, such as single
crystal silicon, polycrystalline silicon, microcrystalline silicon, or amorphous silicon;
however, one embodiment of the present invention is not limited thereto. The
semiconductor element 125 may be formed, for example, by short-circuiting a gate
electrode and a drain electrode of a transistor or using a simple PN junction.

[0141]

When constant current flows from the constant current circuit 126 and the
constant current circuit 127, voltage is generated between both ends of each of the
semiconductor elements 124 and 125. Here, in the semiconductor element 124
including an oxide semiconductor, a change in electrical characteristics due to
temperature is small, whereas in the oxide element 125, a change in electrical
characteristics due to temperature is large. Accordingly, voltage genérated between
the both ends of the semiconductor element 124 is hardly affected by temperature, and
voltage generated between the both ends of the semiconductor element 125 is
significantly affected by temperature.

[0142]

When the voltage generated between the both ends of the semiconductor

element 124 and the voltage generated between the both ends of the semiconductor

element 125 are input to the amplifier 122 functioning as a differential amplifier circuit
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and amplified, a potential in accordance with the temperature can be obtained. The

‘potential amplified by the amplifier 122 is input to the AD converter 123, and a

potential converted from an analog signal to a digital signal in the AD converter 123 is
transmitted, as a measurement value obtained by the temperature sensor portion, to the
CPU 105 described in the above embodiment.

[0143]

Note that in the CPU 105, a look-up table may be provided in which a
collection of data of an output potential of the AD converter 123 related to temperature
information of an object to be sensed is saved. Further, data in accordance with
temperature can be obtained by performing arithmetic processing with reference to the

data stored in the look-up table.

- [0144]

The above-described temperature sensor portion can be used for the alarm

-device described in the above embodiment in which low power consumption is

achieved.
[0145]

Since the temperature sensor portion described in this embodiment can be
incorporated into the microcomputer 100 described in Embodiment 1, the number of
components can be reduced and the size of the housing 10 can be reduced.

[0146]

The configuration of the temperature sensor portion described in this
embodiment is merely an example and can be modified as appropriate depending on
conditions of the alarm device or the like.

[0147]

The methods, structures, and the like described in this embodiment can be
combined as appropriate with any of the methods, structures, and the like described in
the other embodiments.
[0148]

(Embodiment 4)

In this embodiment, an example of a method for manufacturing the

microcomputer 100 which is provided in the alarm device described in the above

embodiment is described with reference to FIGS. 9A to 9D, FIGS. 10A to 10C, FIGS.
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11A to 11C, FIGS. 12A and 12B, and FIG. 13. A method for manufacturing the
transistor 140 and the transistor 142 in the nonvolatile memory portion 107 in FIG. 4B
is described. Note that in FIGS. 9A to 9D, FIGS. 10A to 10C, FIGS. 11A to 11C, and
FIGS. 12A and 12B, a cross-sectional view taken along line A-B corresponds to a
cross-sectional view of a region where the transistor 140 including an oxide
semiconductor as a wide band gap semiconductor and the n-channel transistor 142 are
formed, and a cross-sectional view taken along line C-D corresponds to a
cross-sectional view of the node M1 at which the drain electrode (or the source
electrode) of the transistor 140 including an oxide semiconductor film is connected to
the gate electrode of the n-channel transistor 142.
[0149]

~ Note that the transistor included in the volatile memory portion or the like and
formed using silicon or the like, which is described in the above efnbodiment, can be
formed using a material and a method that are similar to those of the transistor 142.
Further, the transistor included in the nonvolatile memory portion or the like and
formed using an oxide semiconductor or the like, which is described in the above
embodiment, can be formed using a material and a method that are similar to those of
the transistor 140.
[0150]

First, as illustrated in FIG. 9A, element isolation regions 203 are formed in a
p-type semiconductor substrate 201.

[0151]

As the p-type semiconductor substrate 201, a single crystal silicon substrate (a
silicon wafer) having p-type conductivity, or a compound semiconductor substrate (e.g.,
a SiC substrate or a GaN substrate) can be used.

[0152]

Instead of the p-type semiconductor substrate 201, the following substrate may
be used as a silicon on insulator (SOI) substrate: a so-called separation by implanted
oxygen (SIMOX) substrate which is formed in such a manner that after an oxygen ion is
implanted into a mirror-polished wafer, an oxide layer is formed at a certain depth from
a surface and defects generated in a surface layer are eliminated by high-temperature

heating; or an SOI substrate formed by a technique called a Smart-Cut method in which
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a semiconductor substrate is cleaved by utilizing the thermally induced growth of a
minute void formed by implantation of a hydrogen ion, an epitaxial layer transfer
(ELTRAN: a registered trademark of Canon Inc.) method, or the like.
[0153]

The element isolation regioh 203 can be formed by a local oxidation of silicon

(LOCOS) method, a shallow trench isolation (STI) method, or the like.

[0154]

In the case where a p-channel transistor is formed over the same substrate, an
n-well region may be formed in part of the p-type semiconductor substrate 20t. The
n-well region is formed by addition of an impurity element imparting n-type
conductivity, such as phosphorus or arsenic.

[0155]

Although the p-type semiconductor substrate is used here, a p-channel
transistor may be formed using an n-type semiconductor substrate. In that case, a
p-well region to which an impurity element imparting p-type conductivity, such as
boron, is added may be formed in the n-type semiconductor substrate and an n-channel
transistor may be formed over the same substrate.

[0156]

Next, as illustrated in FIG. 9B, a gate insulating film 207 and a gate electrode
209 are formed over the semiconductor substrate 201.

[0157]

A surface of the semiconductor substrate 201 is oxidized by heat treatment, so
that a silicpn oxide film is formed. Alternatively, a silicon oxide film is formed by
thermal oxidation, and then a surface of the silicon oxide film is nitrided by nitridation
treatment; thus a layered structure including the silicon oxide film and a silicon film
containing oxygen and nitrogen (silicon oxynitride film) is formed. Next, part of the
silicon oxide film or the silicon oxynitride film is selectively etched to form the gate
insulating film 207. Alternatively, the gate insulating film 207 is formed in such a
manner that silicon oxide, silicon oxynitride, a metal oxide such as a tantalum oxide,
hafnium oxide, hafnium silicate oxide, zirconium oxide, aluminum oxide, or titanium
oxide, which is a high dielectric constant material (also referred to as a high-k material),

a rare-earth oxide such as lanthanum oxide, or the like is formed to a thickness of 5 nm
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to 50 nm by a CVD method, a sputtering method, or the like, and then part thereof is
selectively etched.
[0158]

The gate eclectrode 209 is preferably formed using a metal selected from
tantalum, tungsten, titanium, molybdenum, chromium, niobium, and the like, or an alloy
material or a compound material including any of the metals as its main component.
Alternatively, polycrystalline silicon to which an impurity such as phosphorus is added
can be used. Alternatively, the gate electrode 209 may be formed to have a layered
structure of a metal nitride film and a film of any of the metals. As a metal nitride,
tungsten nitride, molybdenum nitride, or titanium nitride can be used. When the metal
nitride film is provided, adhesiveness of the metal film can be increased; thus,
separation can be prevented.

[0159]

The gate electrode 209 is formed in such a manner that a conductive film is
formed by a sputtering method, a CVD method, or the like and then part of the
conductive film is selectively etched. '

[0160]

Here, the surface of the semiconductor substrate 201 is oxidized by heat
treatment to form a silicon oxide film; a conductive film including a stack of a tantalum
nitride film and a tungsten film is formed over the silicon oxide film by a sputtering
method; and .then part of the silicon oxide film and part of the conductive film are
selectively etched. Thus, the gate insulating film 207 and the gate electrode 209 are
formed.

[0161]

Note that for high integration, a structure in which a sidewall insulating layer is
not provided on a side surface of the gate electrode 209 is preferable. On the other
hand, when the characteristics of the transistor have priority, a sidewall insulating layer
can be provided on the side surface of the gate electrode 209.

[0162]

Next, as illustrated in FIG. 9C, an impurity element imparting n-type

conductivity is added to the semiconductor substrate 201 to form n-type impurity

regions 211a and 211b. In the case where an n-well region is formed in the same
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substrate, p-type impurity regions are formed by addition of an impurity element
imparting p-type conductivity to the n-well region. The concentration of the impurity
element imparting n-type conductivity in the n-type impurity regions 211a and 211b and
the concentration of the impurity element imparting p-type conductivity in the p-type
impurity regions preferably range from 1 x 10" /cm® to 1 x 10*' /em®. The impurity

element imparting n-type conductivity and the impurity element imparting p-type

-conductivity are added to the semiconductor substrate 201 and the n-well region,

respectively, by an ion doping method, an ion implantation method, or the like as
appropriate.
[0163]

In the case where a sidewall insulating layer is provided on the side surface of
the gate electrode 209, an impurity region having impurity concentration different from
that in the n-type impurity regions 211a and 211b and that in the p-type impurity
regions can be formed in a region overlapping with the sidewall insulating layer.

[0164]

Next, as illustrated in FIG. 9D, an insulating film 215 and an insulating film

" 217 are formed over the semiconductor substrate 201, the element isolation regions 203,

the gate insulating film 207, and the gate electrode 209 by a sputtering method, a CVD
method, or the like.
[0165]

The insulating films 215 and 217 may each be formed to have a single layer or
a stack including one or more of silicon oxide, silicon oxynitride, silicon nitride oxide,
silicon nitride, aluminum oxide, aluminum oxynitride, aluminum nitride oxide,
aluminum nitride, and the like. When the insulating film 215 is formed by a CVD
method, the hydrogen content of the insulating film 215 is increased. By performing
heat treatment using the insulating film 215, it is possible to hydrogenate the
semiconductor substrate, to terminate a dangling bond by hydrogen, and to reduce
defects in the semiconductor substrate.
[0166]

Note that the flatness of the insulating film 217 can be increased when the
insulating film 217 is formed using an inorganic material such as borophosilicate glass

(BPSQG), or an organic material such as polyimide or acrylic.
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[0167]

After the formation of the insulating film 215 or the insulating film 217, heat
treatment is performed to activate the impurity elements added to the n-type impurity
regions 211a and 211b and the p-type impurity regions.

[0168]

Through the above steps, the n-channel transistor 142 can be formed as
illustrated in FIG. 9D. Here, the transistor 142 is formed using a semiconductor other
than an oxide semiconductor, such as single crystal silicon, so that the transistor 142 can
operate at high speed. Accordingly, a volatile memory portion of a CPU that can
achieve high-speed access can be formed.

[0169]

Next, some of the insulating films 215 and 217 are selectively etched to form
openings. Then, contact plugs 219a and 219b are formed in the openings. Typically,
the contact plugs 219a and 219b are formed in such a manner that after a conductive
film is formed by a sputtering method, a CVD method, or the like, planarization
treatment is performed by a chemical mechanical polishing (CMP) method, etching, or
the like so that an unnecessary portion of the conductive film is removed. |
[0170]

The conductive film serving as the contact plugs 219a and 219b is formed in
such a manner that tungsten silicide is formed using a WFs gas and a SiH; gas by a
CVD method to fill the openings. '

[0171] |

Next, an insulating film is formed over the insulating film 217 and the contact
plugs 219a and 219b by a sputtering method, a CVD method, or the like, and then, part
of the insulating film is selectively etched to form an insulating film 221 having a
groove portion. Then, after a conductive film is formed by a sputtering method, a
CVD method, or the like, planarization treatment is performed by a CMP method,
etching, or the like, and an unnecessary portion of the conductive film is removed; thus,
wirings 223a and 223b are formed (see FIG. 10A).

[0172]
The insulating film 221 can be formed using a material that is similar to the

material of the insulating film 215.
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[0173]

The wirings 223a and 223b are formed to have a single-layer structure or a
layered structure including any of metals such as aluminum, titanium, chromium, nickel,
copper, yttrium, zirconium, molybdenum, silver, tantalum, and tungsten and an alloy
containing any of these metals as its main component. For example, a single-layer
structure of an aluminum film containing silicon, a two-layer structure in which a
titanium film is stacked over an aluminum film, a two-layer structure in which a
titanium film is stacked over a tungsten film, a two-layer structure in which a copper
film is formed over a copper-magnesium-aluminum alloy film, and a three-layer
structure in which a titanium ﬁlnﬁ, an aluminum film, and a titanium film are stacked in
that order can be given. Note that a transparent conductive material containing indium
oxide, tin oxide, or zinc oxide may be used.

[0174] _

Next, an insulating film 220 is formed over the insulating film 221, the wiring
223a, and the wiring 223b by a sputtering method, a CVD method, or the like. An
insulating film is formed over the insulating film 220 by a sputtering method, a CVD
method, or the like, and then part of the insulating film is selectively etchéd to form an.
insulating film 222 having a groove portion. Then, after a conductive film is formed
by a sputtering method, a CVD method, or the like, planarization treatment is performed
by a CMP method, etching, or the like, and an unnecessary portion of the conductive
film is removed; thus, an electrode 224 is formed (see FIG. 10B).

[0175]

Here, each of the insulating ﬁlm 220 and the insulating film 222 can be formed
using a material that is similar to the material of the insulating film 215. Note that a
selectivity ratio of the insulating film 220 with respect to the insulating film 222 is
preferably high.

[0176]

Here, the electrode 224 functions as a back gate electrode of the transistor 140
to be described later. The electrode 224 can control the threshold voltage of the
transistor 140. The electrode 224 may be electrically isolated (floating) or may be
supplied with a potential from another element. The state of the electrode 224 can be

set as appropriate based on control of the threshold voltage of the transistor 140. Note
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that the material of the electrode 224 can be similar to the material of a gate electrode
233 to be described later.
[0177]

Note that in this embodiment, the electrode 224 is provided over the wiring
223a and the wiring 223b; however, the present invention is not limited thereto. For
example, the electrode 224 may be formed in the same conductive layer as the wiring
223a and the wiring 223b.

[0178]

Using the insulating film 222 and the electrode 224 which are planarized,
variations in electrical characteristics of a transistor including an oxide semiconductor
film to be formed later can be reduced. Further, the transistor including an oxide
semiconductor film can be formed with a high yield.

[0179] _

Next, heat treatment or plasma treatment is preferably performed so that
hydrogen contained in the insulating film 221, the wirings 223a and 223b, the insulating
films 220 and 222, and the electrode 224 is released. Consequently, in heat treatment
performed later, diffusion of hydrogen into an insulating film and an oxide
semiconductor film to be formed later can be prevented. The heat treatment is
performed at higher than or equal to 100 °C and lower than the strain point of the
substrate in an inert atmosphere, a reduced-pressure atmosphere, or a dry air atmosphere.
Further, in the plasma treatment, a rare gas, oxygen, nitrogen, or nitrogen oxide (e.g.,
nitrous oxide, nitrogen monoxide, or nitrogen dioxide) is used.

[0180]

Next, an insulating film 225 is formed over the insulating film 222 and the
electrode 224 by a sputtering method, a CVD method, or the like. The insulating film
225 can be formed to have a single layer or a stack including one or more of .silicon
oxide, silicon oxynitride, silicon nitride oxide, gallium oxide, hafnium oxide, yttrium
oxide, aluminum oxide, and aluminum oxynitride. The insulating film 225 is
preferably formed using an oxide insulating film from which part of oxygen is released
by heating. The oxide insulating film from which part of oxygen is released by
heating is an oxide insulating film that contains oxygen at a proportion exceeding the

stoichiometric proportion. Oxygen is released by heating from the oxide insulating
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film from which part of oxygen is released by heating; thus, oxygen can be diffused into
the oxide semiconductor film by heating performed in a later step.
[0181]

In the case where the insulating film 225 has a layered structure, the insulating
film 225 is preferably an insulating film serving as a barrier film that prevents entry of
an impurity that diffuses from a lower layer. In particular, in the case where a single
crystal silicon substrate, an SOI substrate, a substrate over which a semicondﬁctor
element formed using silicon or the like is provided, or the like is used as the
semiconductor substrate 201, hydrogen or the like contained in the substrate can be
prevented from being diffused and entering the oxide semiconductor film to be formed
later. As such an insulating film, for example, a silicon nitride film, a silicon nitride
oxide film, or an aluminum oxide film formed by a plasma-enhan'ced CVD method, a
sputtering method, or the like can be used.

[0182]

The insulating film 225 is preferably planarized by CMP treatment or the like.
A surface of the insulating film 225 has an average surface roughness (Ra) of 1 nm or
less, preferably 0.3 nm or less, more preferably 0.1 nm or less.

[0183] |
~ Note that in this specification and the like, the average surface roughness (Iéa)

is obtained by expanding arithmetic mean surface roughness, which is defined by JIS B

10601:2001 (1SO4287:1997), into three dimensions so as to be applied to a curved

~ surface, and is an average value of the absolute values of deviations from a reference

surface to a specific surface.
[0184]

When the specific surface is expressed as Z = F(X,Y), the average surface
roughness (Ra) is an average value of the absolute values of deviations from the
reference surface to the specific surface and is shown by the following formula.

[0185]
Ra=31,;£: flf(x,y)—Zo lxdy

[0186]

The specific surface is a surface which is a target of roughness measurement,
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and is a quadrilateral region which is specified by four points represented by the
coordinates (xi, yi, fixi, y1)), (xi, Y2, fx1, ¥2))s (x2, ¥i, fxa, y1)), and (x2, ya, fx2, ¥2)).
Here, Sy represents the area of a rectangle which is obtained by projecting the specific
surface on the xy plane, and Z, represents the height of the reference surface (the
average height of the specific surface). The average surface roughness (Ra) can be
measured using an atomic force microscope (AFM).

[0187]

The CMP treatment may be performed once or plural times. When the CMP
treatment is performed plural times, first polishing is pfeferably performed with a high
polishing rate followed by final polishing with a low polishing rate. By performing
polishing steps with different polishing rates in combination, the planarity of the surface
of the insulating film 225 can be further increased.

[0188] '

Alternatively, plasma treatment can be used as the planarization treatment of
the insulating film 225. The plasma treatment is performed in such a manner that an
inert gas, for example, a rare gas such as an argon gas is introduced into a vacuum
chamber and an electric field is applied so that a surface to be processed serves as a
cathode. The plasma treatment has a principle similar to that of a plasma dry etching
method and an inert gas is used in the plasma treatment. In other words, the plasma
treatment is treatment in which the surface to be processed is irradiated with tons of an
inert gas and minute unevenness of the surface is reduced by a sputtering effect. Thus,
the plasma treatment can also be referred to as “reverse sputtering treatment”.

[0189]

When the plasma treatment is performed, electrons and argon cations are
present in plasma and the argon cations are accelerated in a cathode direction. The
surface to be processed is sputtered by the accelerated argon cations. At this time, a
projected portion of the surface to be processed is preferentially sputtered. Particles
generated by sputtering from the surface to be processed attach to another place of the
surface to be processed. . At this time, the particles generated by sputtering ffom the
surface to be processed preferentially attach to a depression of the surface to be
processed. By thus reducing the projected portion and filling the depression, the

planarity of the surface to be procéssed is increased. Note that a combination of
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plasma treatment and CMP treatment can further planarize the insulating film 225.
[0190]

Note that through the plasma treatment, it is possible to remove impurities such
as oxygen, moisture, and an organic compound that attach to the surface of the
insulating film 225 by a sputtering effect.

[0191]

It is preferable that impurities such as hydrogen, water, a hydroxyl group, and
hydride in a treatment chamber be removed by heating and evacuation of the treatment
chamber before formation of an oxide semiconductor. It is particularly important to
remove such impurities adsorbed on an inner wall of the treatment chamber. Here,
heat treatment may be performed at 100 °C to 450 °C. Evacuation of the treatment
chamber is preferably performed with a rough vacuum pump, such as a dry pump, and a
high vacuum pump, such as a sputter ion pump, a turbo molecular pump, or a cryopump,

in appropriate combination. The turbo molecular pump has high capability in

.evacuating a large molecule, whereas it has low capability in evacuating hydrogen or

water. Further, a combination with a cryopump having high capability in evacuating
water or a sputter ion pump having high capability in evacuating hydrogen is effective.
At this time, when the impurities are removed while an inert gas is introduced, the rate
of elimination of water or the like, which is difficult to eliminate only by evacuation,
can be further increased. Removal of impurities in the treatment chamber by such
tréatment before the formation of the oxide semiconductor can prevent hydrogen, water,
a hydroxyl group, hydride, and the like from entering the oxide semiconductor.

[0192]

‘Before the oxide semiconductor film is formed by a sputtering apparatus, a
dummy substrate may be put into the sputtering apparatus, and an oxide semiconductor
film may be formed over the dummy substrate, so that hydrogen and moisture that
attach to the target surface or a deposition shield may be removed.

[0193]

Next, an oxide semiconductor film 227 is formed over the insulating film 225
by a sputtering method, a coating method, a printing method, an evaporation method, a
PCVD method, a PLD method, an ALD method, an MBE method, or the like (see FIG.

10C). Here, as the oxide semiconductor film 227, an oxide semiconductor film having
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a thickness of 1 nm to 50 nm, preferably 3 nm to 20 nm is formed by a sputtering
method. When the oxide semiconductor film 227 has a thickness in the above range, a
short-channel effect which might be caused due to downsizing of the transistor can be
suppressed.

[0194]

An oxide semiconductor used for the oxide semiconductor film 227 preferably
contains at least indium (In) or zinc (Zn). In particular, the oxide semiconductor
preferably contains In and Zn. As a stabilizer for reducing variations in electrical
characteristics of a transistor including the oxide semiconductor, the oxide
semiconductor preferably contains gallium (Ga) in addition to In and Zn. Tin (Sn) is
preferably contained as a stabilizer. Hafnium (Hf) is preferably contained as a
stabilizer.

[0195]

As another stabilizer, one or more kinds of lanthanoid such as lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm),. europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), ytterbium (Yb), or lutetium (Lu) may be contained.

[0196]

As the oxide semiconductor, for example, any of the following can be used:
indium oxide, tin oxide, zinc oxide, an In-Zn-based oxide, a Sn-Zn-based oxide, a
Zn-Mg-based oxide, a Sn-Mg-based oxide, an In-Mg-based oxide, an In-Ga-based oxide,
an In-Ga-Zn-based oxide (also referred to as IGZO), an In-Sn-Zn-based oxide, a
Sn-Ga-Zn-based oxide,' an In-Hf-Zn-based oxide, an In-La-Zn-based oxide, an
In-Ce-Zn-based oxide, an In-Pr-Zn-based oxide, an In-Nd-Zn-based oxide, an
In-Sm-Zn-based oxide, an In-Eu-Zn-based oxide, an In-Gd-Zn-based oxide, an
In-Tb-Zn-based oxide, an In-Dy-Zn-based oxide, an In-Ho-Zn-based oxide, an
In-Er-Zn-based oxide, an In-Tm-Zn-based oxide, an In-Yb-Zn-based oxide, an
In-Lu-Zn-based oxide, an In-Sn-Ga-Zn-based oxide, an In-Hf-Ga-Zn-based oxide, or an
In-Sn-Hf-Zn-based oxide. Moreover, silicon oxide may be included in the above
oxide semiconductor. Here, for example, an In-Ga-Zn-based oxide means an oxide
containing indium (In), gallium (Ga), and zinc (Zn) as its main components and there is

no particular limitation on the ratio of In:Ga:Zn. The In-Ga-Zn-based oxide may
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contain a metal element other than the In, Ga, and Zn. In this case, the amount of
oxygen in the oxide semiconductor preferably exceeds the stoichiometric proportion.
When the amount of oxygen exceeds the stoichiometric proportion, generation of
carriers which results from oxygen vacancies in the oxide semiconductor film can be
suppressed.

[0197]

Alternatively, a material represented by InMO;(ZnO),, (m > 0, .where m is not

- an integer) may be used as the oxide semiconductor. Note that M represents one or

more metal elements selected from Ga, Fe, Mn, and Co. Alternatively, as the oxide
semiconductor, a material represented by In;SnOs(Zn0O), (n > 0, where n is an integer)
may be used.

[0198]

Note that the concentration of alkali metals or alkaline earth metals in the oxide
semiconductor film 227 is preferably 1 x 10'* atoms/cm® or lower, more preferably 2 x
10'® atoms/cm”> or lower. When an alkali metal or an alkaline earth metal is bonded to
an oxide semiconductor, carriers are generated in some cases, which causes an ihcrease
in off-state current of the transistor.

[0199]

The oxide semiconductor film 227 may contain nitrogen at 5 x 10'® atoms/cm’®
or lower. |
[0200]

As an oxide semiconductor which can be used for the oxide semiconductor
film 227, a wide band gap semiconductor which has a wider band gap and lower
intrinsic carrier density than a silicon semiconductor is used. The band gap of the
wide band gap oxide semiconductor is 2.5 eV to 4 eV, preferably 3 eV to 3.8 e¢V. The
off-state current of a transistor can be reduced by using an oxide semiconductor having
a wide energy gap.

[0201]

The oxide semiconductor film 227 may have a single crystal structure or may

be in a non-single-crystal state. The non-single-crystal state is, for example, structured

by at least one of c-axis aligned crystal (CAAC), polycrystal, microcrystal, and an
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amorphous part. The density of defect states of an amorphous part is higher than those
of microcrystal and CAAC. The density of defect states of microcrystal is higher than
that of CAAC. Note that an oxide semiconductor including CAAC is referred to as a
CAAC-OS (c-axis aligned crystalline oxide semiconductor).

[0202]

In an oxide semiconductor in an amorphous state, a flat surface can be obtained
with relative ease, so that when a transistor is formed with the use of the oxide
semiconductor, interface scattering can be reduced, and comparatively high mobility
can be obtained with relative ease.

[0203]

In a crystalline oxide semiconductor, defects in a bulk can be further reduced
and when surface flatness is improved, mobility higher than that of an oxide
semiconductor in an amorphous state can be obtained. In order to improve the surface
flatness, the oxide semiconductor is preferably formed over a flat surface. As
described above, the average surface roughness (Ra) of the surface of the insulating film
225 is 1 nm or less, preferably 0.3 nm or less, more preferaBly 0.1 nm or less, and the

oxide semiconductor film 227 is preferably formed over the insulating film 225.

[0204]

Here, the oxide semiconductor film 227 is formed by a sputtering method. As
a target, a target corresponding to the oxide can be used.

[0205]

In the case where an In-Ga-Zn-O-based material is used as the oxide
sémiconductor, the target can be formed as appropriate in accordance with the material
and composition . of the oxide semiconductor film 227. For éxample, an
In-Ga-Zn-based oxide with an atomic ratio of In:Ga:Zn = 1:1:1, In:Ga:Zn = 1:3:2,
In:Ga:Zn = 3:1:2, or In:Ga:Zn = 2:1:3, or an oxide whose composition is in the
neighborhood of the above compositions is preferably used as the target. However, the
material and composition of the target are not limited to the above.

[0206]
However, without limitation to the materials given above, a material with an

appropriate composition may be used depending on needed semiconductor
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characteristics (e.g., mobility, threshold voltage, and variation). In order to obtain the
needed semiconductor characteristics, it is preferable that the carrier concentration, the
impurity concentration, the defect density, the atomic ratio between a metal element and
oxygen, the interatomic distance, density, and the like be set to appropriate values.
Alternatively, oxide semiconductor films which have different constitutions (typified by
composition) may be stacked or may be separately provided as a channel formation
region and source and drain regions as appropriate.

[0207]

For example, the oxide semiconductor film 227 may be a stack of a first oxide
semiconductor film, a second oxide semiconductor film, and a third oxide
semiconductor film, which each have a different composition. = For example, the first
oxide semiconductor film and the third oxide semiconductor film niay be formed using
a three-component metal oxide, and the second oxide semiconductor film may be
formed using a two-component metal oxide. It is preferable that the first to third oxide
semiconductor films are formed using materials which contain the same components.
In the case where the materials containing the same components are used, the second
oxide semiconductor film can be formed over the first oxide semiconductor film using a
crystal layer of the first oxide semiconductor film as a seed; therefore, crystal growth of
the second oxide semiconductor film can be easily caused. The same applies to the
third oxide semiconductor film. In addition, in the case where the materials containing
the same components are used, an interface property such as adhesion or electrical
characteristics is good.

[0208]

Further, the constituent elements of the first oxide semiconductor film, the
second oxide semiconductor film, and the third oxide semiconductor film may be the
same and the compositions of the constituent elements of the first oxide semiconductor
film, the second oxide semiconductor film, and the third oxide semiconductor film may
be different. For example, the first oxide semiconductor film and the third oxide
semiconductor film may have an atomic ratio of In:Ga:Zn = 1:1:1, and the second oxide
semiconductor film may have an atomic ratio of In:Ga:Zn = 3:1:2.  Alternatively, the

first oxide semiconductor film and the third oxide semiconductor film may have an
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atomic ratio of In:Ga:Zn = 1:3:2, and the second oxide semiconductor film may have an

atomic ratio of In:Ga:Zn = 3:1:2.
[0209]

As a sputtering gas, a rare gas (typically argon) atmosphere, an oxygen
atmosphere, or a mixed gas of a rare gas and oxygen is used as appropriate. In the case
of the mixed gas of a rare gas and oxygen, the proportion of oxygen is preferably higher
than that of a rare gas. Further, in order to prevent hydrogen, water, a hydroxyl group,
hydride, and the like from entering the oxide semiconductor film, as a sputtering gas, it
is preferable to use an atmosphere of a high-purity gas from which impurities such as
hydrogen, water, a hydroxyl group, and hydride are sufficiently removed.

[0210]

In a sputtering method, an RF power source, an AC power source, a DC power
source, or the like can be used as a power source for generating plasma as appropriate.
[0211]

Note that the leakage rate of a treatment chamber in which the oxide
semiconductor film is formed is preferably 1 x 107'° Pa-m®/s or lower so that entry of an
impurity into a film to be formed by a sputtering method can be reduced. As described
above, in the process for forming the oxide semiconductor film and preferably in the
process for forming the oxide insulating film, entry of impurities is suppressed as much
as possible through control of the pressure of the treatment chamber, the leakage rate of
the treatment chamber, and the like. Thus, entry of impurities including hydrogen into
the oxide semiconductor film can be reduced. In addition, diffusion of impurities such
as hydrogen from the oxide insulating film into the oxide semiconductor film can be
reduced. '

[0212]

The oxide semiconductor film 227 may include a c-axis aligned crystalline
oxide semiconductor (CAAC-OS) including crystal parts, for example. In the
CAAC-0OS, for example, c-axes are aligned, and a-axes and/or b-axes are not
macroscopically aligned.

[0213] -

For example, the oxide semiconductor film 227 may include microcrystal.
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Note that an oxide semiconductor including microcrystal is referred to as a
microcrystalline oxide semiconductor. A microcrystalline oxide semiconductor film
includes microcrystal (also referred to as nanocrystal) with a size greater than or equal
to 1 nm and less than 10 nm, for éxample.

[0214]

For example, the oxide semiconductor film 227 may include an amorphous part.
Note that an oxide semiconductor including an amorphous part is referred to as an
amorphous oxide semiconductor. An amorphous oxide semiconductor film, for
example, has disordered atomic arrangement and no crystalline component.
Alternatively, an amorphous oxide semiconductor film is, for example, absolutely
amorphous and has no crystal part.

[0215]

Note that the oxide semiconductor film 227 may be a mixed film including any
of a CAAC-OS, a microcrystalline oxide semiconductor, and an amorphous oxide
semiconductor. The mixed film, for example, includes a region of an amorphous
oxide semiconductor, a region of a microcrystalline oxide semiconductor, and a region
of a CAAC-0OS. Further, the mixed film may have a layered structure including a
region of an amorphoué oxide semiconductor, a region of a microcrystalline oxide
semiconductor, and a region of a CAAC-OS, for example.

[0216] .

Note that the oxide semiconductor film 227 may be in a single-crystal state, for
example.

[0217) _

The oxide semiconductor film 227 preferably includes a plurality of crystal
parts. In each of the crystal parts, a c-axis is preferably aligned in a direction parallel
to a normal vector of a surface where the oxide semiconductor film is formed or a
normal vector of a surface of the oxide semiconductor film. Note that among crystal
parts, the directions of the a-axis and the b-axis of one crystal part may be different
from those of another crystal part. An example of such an oxide semiconductor film is
a CAAC-OS film.

[0218]
Note that in most cases, a crystal part in the CAAC-OS film fits inside a cube

PCT/JP2013/064426



10

15

20

25

30

WO 2013/180016

PCT/JP2013/064426

50

whose one side is less than 100 nm. In an image obtained with a transmission electron
microscope (TEM), a boundary between crystal parts in the CAAC-OS film is not
clearly detected. Further, with the TEM, a grain boundary in the CAAC-OS film is not
clearly found. Thus, in the CAAC-OS film, a reduction in electron mobility due to the
grain boundary is suppressed.

[0219]

In each of the crystal parts included in the CAAC-OS film, a c-axis is aligned
in a direction parallel to a normal vector of a surface where the CAAC-OS film is
formed or a normal vector of a surface of the CAAC-OS film. Further, in each of the
crystal parts, metal atoms are arranged in a'triangular or hexagonal configuration when
seen from the direction perpendicular to the a-b plane, and metal atoms are arranged in a
layered manner or metal atoms and oxygen atoms are arranged in a layered manner
when seen from the direction perpendicular to the c-axis. Note that among crystal
parts, the directions of the a-axis and the b-axis of one crystal part may be different
from those of another crystal part. In this specification, the term “perpendicular”
includes a range from 80° to 100°, preferably from 85° to 95°. In addition, the term
“parallel” includes a range from —10° to 10°, preferably from —5° to 5°.

[0220]

In the CAAC-OS film, distribution of crystal parts is not necessarily uniform.
For example, in the formation process of the CAAC-OS film, in the case where crystal
growth occurs from a surface side of the oxide semiconductor film, the proportion of
crystal parts in the vicinity of the surface of the oxide semiconductor film is higher than
that in the vicinity of the surface where the oxide semiconductor film is formed in some
cases. Further, When an impurity is added to the CAAC-OS film, the crystal part in a
region to which the impurity is added becomes amorphous in some cases.

[0221]

Since the c-axes of the crystal parts included in the CAAC-OS film are aligned
in the direction parallel to a normal vector of a surface where the CAAC-OS film is
formed or a normal Vector of a surface of the CAAC-OS film, the directions of the
c-axes might be different from each other depending on the shape of the CAAC-OS film

(the cross-sectional shape of the surface where the CAAC-OS film is formed or the
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cross-sectional shape of the surface of the CAAC-OS film). Note that the film
deposition is accompanied with the formation of the crystal parts or followed by the
formation of the crystal parts through crystallization treatment such as heat treatment.
Hence, the c-axes of the crystal parts are aligned in the direction parallel to a normal
vector of the surface where the CAAC-OS film is formed or a normal vector of the
surface of the CAAC-OS film.

[0222]

With the use of the CAAC-OS film in a transistor, change in eleétrical
characteristics of the transistor due to irradiation with visible light or ultraviolet light is
small. Thus, the transistor has high reliability.

[0223] _

Note that part of oxygen included in the oxide semiconductor film may be
substituted with nitrogen.
[0224]

In an oxide semiconductor having a crystal part such as a CAAC-OS, defects in
the bulk can be further reduced and when the surface flatness of the oxide
semiconductor is increased, mobility higher than that of an oxide semiconductor in an
amorphous state can be obtained. In order to increase the surface flatness, the oxide
semiconductor is preferably formed over a flat surface. Specifically, the oxide
semiconductor may be formed over a surface with an average surface roughness (Ra) of
1 nm or less, preferably 0.3 nm or less, more pfeferably 0.1 nm or less.

[0225]

In the case where a CAAC-OS film is used as the oxide semiconductor film
227, for example, the CAAC-OS film is formed by a sputtering method with a
polycrystalline oxide semiconductor sputtering target. When ions collide with the
sputtering target, a crystal region included in the sputtering target may be separated
from the target along an a-b plane; in other words, a sputtered particle having a plane
parallel to an a-b plane (flat-plate-like sputtered particle or pellet-like sputtered particle)
may flake off from the sputtering target. In that case, the flat-plate-like sputtered
particle reaches a substrate while maintaining their crystal state, whereby a crystal state
of the sputtering target is transferred to the substrate. As a result, the CAAC-OS film

can be formed.
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[0226]

For the deposition of the CAAC-OS film, the following conditions are
preferably used.
[0227]

By reducing the concentration of impurities during the deposition, the crystal
state can be prevented from being broken by the impurities. For example, impurities
(e.g., hydrogen, water, carbon dioxide, or nitrogen) which exist in the deposition
chamber may be reduced. Furthermore, impurities in a deposition gas may be reduced.
Specifically, a deposition gas whose dew point is —80 °C or lower, preferably —100 °C
or lower is used. |
[0228]

By increasing a substrate heating temperature during the deposition, migration
of a sputtered particle is likely to occur after the sputtered particle is attached to a
substrate surface. Specifically, the substrate heating temperature during the depdsition
is set to higher than or equal to 100 °C and lower than or equal to 740 °C, preferably
higher than or equal to 200 °C and lower than or equal to 500 °C. By increasing the
substrate heating temperature during the deposition, when the flat-plate-like sputtered
particle reaches the substrate, migration occurs on the substrate surface, so that a flat
plane of the flat-plate-like sputtered particle is attached to the substrate.

[0229]

Furthermore, it is preferable that the proportion of oxygen in the deposition gas
be increased and the power be optimized in order to reduce plasma damage at the
deposition. The proportion of oxygen in the deposition gas is greater than or equal to
30 vol%, preferably 100 vol%.

[0230]

'As an example of the sputtering target, an In-Ga-Zn-O compound target is
described below.
[0231]

The In-Ga-Zn-O compound target, which is polycrystalline, is made by mixing
InOy powder, GaOy powder, and ZnO; powder in a predetermined ratio, applying

pressure, and performing heat treatment at a temperature higher than or equal to 1000
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°C and lower than or equal to 1500 °C. Note that X, Y, and Z are each a given positive
number. Here, the predetermined molar ratio of InOy powder to GaOy powder and
Zn0; powder is, for example, 2:2:1, 8:4:3, 3:1:1, 1:1:1, 4:2:3, or 3:1:2. The kinds of
powder and the molar ratio for mixing powder may be determined as appropriate
depending on the desired sputtering target. |

[0232]

After the oxide semiconductor film 227 is formed, the oxide semiconductor
film 227 may be subjected to heat treatment. The heat treatment can further remove a
substance including a hydrogen atom in the oxide semiconductor film 227; thus, the
structure of the oxide semiconductor film 227 can be improved and defect states in the
energy gap can be reduced. The heat treatment is performed in an inert gas
atmosphere at higher than or equal to 300 °C and lower than or equal to 700 °C,
preferably higher than or equal to 450 °C and lower than or equal to 600 °C, or lower
than the strain point of the substrate in the case where the substrate has the strain point.
The inert gas atmosphere is preferably an atmosphere which contains nitrogen or a rare
gas (e.g., helium, neon, or argon) as its main component and does not contain water,
hydrogen, or the like. For example, the purity of nitrogen or a rare gas such as helium,
neon, or argon introduced into a heat treatment apparatus is 6N (99.9999 %) or higher,
preferably 7N (99.99999 %) or higher (that is, the impurity concentration is 1 ppm or
lower, preferably 0.1 ppm or lower).

[0233]

The heat treatment can be performed in such a manner that, for example, the
semiconductor substrate 201 is introduced into an electric furnace using a resistance
heating element or the like and heated at 450 °C for an hour in a nitrogen atmosphere.
[0234]

The heat treatment apparatus is not limited to the electric furnace and may be
an apparatus for heating an object by thermal conduction or thermal radiation from a
medium such as a heated gas. For example, a rapid thermal annealing (RTA)
apparatus such as a lamp rapid thermal annealing (LRTA) apparatus or a gas rapid
thermal annealing (GRTA) apparatus can be used. An LRTA apparatus is an apparatus

for heating an object by radiation of light (an electromagnetic wave) emitted from a
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lamp such as a halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp,
a high pressure sodium lamp, or a high pressure mercury lamp. A GRTA apparatus is
an épparatus for performing heat treatment using a high-temperature gas. As the gas,
an inert gas which does not react with an object by heat treatment, such as nitrogen, or a
rare gas such as argon is used. Note that in the case where a GRTA apparatus is used
as the heat treatment apparatus, the substrate may be heated in an inert gas heated to a
high temperature of 650 °C to 700 °C because the heat treatment time is short.

[0235]

In addition, it is preferable that after the oxide semiconductor film 227 is
heated by the heat treatment, a high-purity oxygen gas, a high-purity N,O gas, or ultra
dry air (the moisture concentration is 20 ppm (=55 °C by conversion into a dew point)
or lower, preferably 1 ppm or lower, more preferably 10 ppb or lower, in the case where
measurement is performed by a dew point meter of a cavity-ring down laser
spectroscopy (CRDS) method) be introduced into the same furnace. It is particularly
preferable that water, hydrogen, and the like be not contained in these gases. The
purity of the oxygen gas or the N>O gas that is introduced into the same furnace is
preferably 6N or higher, more preferably 7N or higher (i.e., the impurity concentration
in the oxygen gas or the N,O gas is 1 ppm or lower, preferably 0.1 ppm or lower). By
the action of the oxygen gas or the N,O gas, oxygen which is one of main components
of the oxide semiconductor and which has been reduced through the step of removing
impurities by dehydration or dehydrogenation can be supplied.

[0236] '

The heat treatment has an effect of removing hydrogen, water, and the like and
can be referred to as dehydration, dehydrogenation, or the like. The heat treatment can
be performed at timing, for example, before the oxide semiconductor layer is processed
to have an island shape or after the gate insulating film is formed. Such heat treatment
for dehydration or dehydrogenation may be performed once or plural times.

[0237]

Next, part of the oxide semiconductor film 227 is selectively etched, so that an

oxide semiconductor film 229 is formed to overlap with the electrode 224 (see FIG.

11A).
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[0238]

Next, a conductive film is formed on and in contact with the oxide
semiconductor film 229 and part of the conductive film is selectively etched, whereby a
pair of electrodes 24la and 241b is formed on and in contact with the oxide
semiconductor film 229 (see FIG. 11B).

[0239]

The pair of electrodes 241a and 241b can be formed using a material similar to
that of the wirings 223a and 223b as appropriate. Note that the pair of electrodes 241a
and 241b may function as wirings.

[0240]

The pair of electrodes 241a and 241b is formed in such a manner that a
conductive film is formed by a sputtering method, a CVD method, an evaporation
method, or the like and then part of the conductive film is selectively etched.
Alternatively, the pair of electrodes 241a and 241b is formed by a printing method or an
inkjet method.

[0241]

Next, a gate insulating film 231 is formed over the oxide semiconductor film
229 and the electrodes 241a and 241b by a sputtering method, a CVD method, or the
like. Then, a gate electrode 233 is formed over the gate insulating film 231 so as to
overlap with the oxide semiconductor film 229 (see FIG. 11C);

[0242]

A high-density plasma-enhanced CVD using microwaves (e.g., with a
frequency of 2.45 GHz) is preferably employed for forming the gate insulating film 231
serving as a gate insulating film because an insulating layer can be dense and can have
high breakdown voltage and high quality. This is because when a highly purified
oxide semiconductor is closely in contact with a high-quality gate insulating film, the
interface state can be reduced and interface properties can be favorable.

[0243]

The gate insulating film 231 may be formed to have a single layer or a stack
including one or more of silicon oxide, silicon oxynitride, silicon nitride oxide, silicon
nitride, aluminum oxide, hafnium oxide, gallium oxide, a Ga-Zn-O-based metal oxide,

and the like. The gate insulating film 231 may be an oxide insulating film from which
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oxygen is released by heating, such as a film that can be used as the insulating film 225.
By using a film from which oxygen is released by heating as the gate insulating film
231, oxygen vacancies caused in the oxide semiconductor film 229 can be reduced by
heat treatment performed later and deterioration of electrical characteristics of the
transistor can be suppressed.

[0244]

When the gate insulating film 231 is formed using a high-k material such as
hafnium silicate (HfSiOy), hafnium silicate to which nitrogen is added (HfSi,O,N.),
hafnium aluminate to which nitrogen is added (HfAI,O,N;), hafnium oxide, or yttrium
oxide, gate leakage current can be reduced even when the thickness of the gate
insulating film is small.

[0245] _

The thickness of the gate insulating film 231 is preferably 1 nm to 300 nm,
more preferably 5 nm to 50 nm, still more preferably 10 nm to 30 nm.
[0246]

The gate electrode 233 can be formed using a metal element selected from
aluminum, chromium, copper, tantalum, titanium, molybdenum, and tungsten; an alloy
containing any of these metal elements as its component; an alloy containing these
metal elements in combination; or the like. Further, one or more metal elements
selected from manganese and zirconium may be used. The gate electrode 233 may
have a single-layer structure or a layered structure of two or more layers. For example,
a single-layer structure of an aluminum film containing silicon, a two-layer structure in
which a titanium film is stacked over an aluminum film, a two-layer structure in which
a titanium film is stacked over a titanium nitride film, a two-layer structure in which a
tungsten film is stacked over a titanium nitride film, a two-layer structure in which a
tungsten film is stacked over a tantalum nitride film, a three-layer structure in which a
titanium film, an aluminum film, and a titanium film are stacked in that order, and the
like can be given. Alternatively, a film, an alloy film, or a nitride film which contains
aluminum and one or more elements selected from titanium, tantalum, tungsten,

molybdenum, chromium, neodymium, and scandium may be used.

[0247]

Alternatively, the gate electrode 233 can be formed using a light-transmitting
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conductive material such as indium tin oxide, indium oxide containing tungsten oxide,
indium zinc oxide containing tungsten oxide, indium oxide containing titanium oxide,
indium tin oxide containing titanium oxide, indium zinc oxide, or indium tin oxide to
which silicon oxide is added. It is also possible to employ a layered structure
including the light-transmitting conductive material and the metal element.

[0248]

The gate electrode 233 is formed by a printing method or an inkjet method.
Alternatively, the gate electrode 233 is formed in such a manner that a conductive film
is formed by a sputtering method, a CVD method, an evaporation method, or the like
and then part of the conductive film is selectively etched.

[0249]

Further, as a material layer that is in contact with the gate insulating film 231,
an In-Ga-Zn-O film containing nitrogen, an In-Sn-O film containing nitrogen, an
In-Ga-O film containing nitrogen, an In-Zn-O film containing nitrogen, a Sn-O film
containing nitrogen, an In-O film containing nitrogen, or a metal nitride film (e.g., InN
or ZnN) is preferably proviided between the gate electrode 233 and the gate insulating
film 231. These films each have a work function of 5 eV or higher, preferably 5.5 eV
or higher; thus, the threshold voltage of the transistor can be positive. Accordingly, a
so-called normally-off switching element can be obtained. For example, in the case
where an In-Ga-Zn-O film containing nitrogen is used, an In-Ga-Zn-O film having
nitrogen concentration at least higher than that of the oxide semiconductor film 229,
specifically, an In-Ga-Zn-O film having nitrogen concentration of 7 at.% or higher is
used. '

[0250]

Note that after the gate insulating film 231 is formed, heat treatment may be
performed in an inert gas atmosphere or an oxygen atmosphere. The heat treatment
temperature is preferably 200 °C to 450 °C, more preferably 250 °C to 350 °C.  With
such heat treatment, variations in electrical characteristics of the transistor can be
reduced. In the case where oxygen is contained in the gate insulating film 231 or the
insulating film 225 which is in contact with the oxide semiconductor film 229, oxygen

can be supplied to the oxide semiconductor film 229 and the oxygen defects in the oxide
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semiconductor film 229 can be repaired. As described above, the heat treatment has an
effect of supplying oxygen; thus, the heat treatment can also be referred to as supply of
oxygen.

[0251]

Note that in this embodiment, the heat treatment for supply of oxygen is
performed after the gate insulating film 231 is formed; however, the timing of the heat
treatment for supply of oxygen is not limited thereto, and the heat treatment may be
performed after formation of the gate insulating film 231 as appropriate.

[0252]

As described above, the heat treatment for dehydration or dehydrogenation and
the heat treatment for supply of oxygen are performed to reduce impurities and fill
oxygen vacancies in the oxide semiconductor film 229, whereby the oxide
semiconductor film 229 can be highly purified so as to contain impurities other than
main components of the oxide semiconductor film 229 as little as possible.

[0253]

Next, as illustrated in FIG. 12A, an insulating film 243 and an insulating film
245 are formed by a sputtering method, a CVD method, a coating method, a printing
method, or the like.

[0254]

The insulating films 243 and 245 may each be formed to have a single layer or
a stack including one or more of silicon oxide, silicon oxynitride, silicon nitride oxide,
silicon nitride, aluminum oxide, aluminum oxynitride, aluminum nitride oxide,
aluminum nitride, and the like. Note that with the use of an insulating film which
prevents diffusion of oxygen into the outside as the insulating film 245, oxygen released
from the insulating film 243 can be supplied to the oxide semiconductor film. Typical
examples of the insulating film which prevents diffusion of oxygen into the outside
include films of aluminum oxide, aluminum oxynitride, and the like. In addition, with
the use of an insﬁlating film which prevents diffusion of hydrogen from the outside as
the insulating film 245, diffusion of hydrogen from the outside into the oxide
semiconductor film can be reduced, and vacancies in the oxide semiconductor film can
be reduced. Typical examples of the insulating film which prevents diffusion of

hydrogen from the outside include films of silicon nitride, silicon nitride oxide,
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aluminum nitride, aluminum nitride oxide, and the like. Further, when the insulating
film 243 has a three-layer structure of an oxide insulating film from which part of
oxygen is released by heating, an insulating film which prevents diffusion of oxygen
into the outside, and an oxide insulating film, oxygen can be efficiently diffused into the
oxide semiconductor film and oxygen can be prevented from being released into the
outside. Accordingly, variations in transistor characteristics can be reduced even at
high temperature and in high humidity.

[0255]

Through the above steps, as illustrated in FIG. 12A, the transistor 140
including an oxide semiconductor film can be formed.
[0256] ,

As described above, the oxide semiconductor film 229 is preferably highly
purified by sufficient removal of impurities such as hydrogen and sufficient supply of
oxygen so as to be supersaturated with oxygen. Specifically, the hydrogen
concentration in the oxide semiconductor film 229 is 5 x 10'° atoms/cm’ or lower,
preferably 5 x 10'® atoms/cm® or lower, more preferably 5 x 10'7 atoms/cm® or lower.
Note that the concentration of hydrogen in the oxide semiconductor film 229 is
measured by secondary ion mass spectrometry (SIMS). When the oxide
semiconductor film 229 in which the hydrogen concentration is sufficiently reduced for
high purification and defect states in an energy gap due to oxygen deficiency are
reduced by sufficient supply of oxygen is used for the transistor 140, off-state current
(per'unit channel width (I pm) here) at room temperature (25 °C) is 100 zA or lower,
preferably 10 zA or lower, for example. In this manner, with the use of an i-type
(intrinsic) or substantially i-type oxide semiconductor film 229, the transistor 140
having very good off-state current characteristics can be obtained.

[0257]

Although the transistor 140 in this embodiment has a top-gate structure, the
present invention is not limited thereto, and the transistor 140 may have a bottom-gate
structure.

[0258]
Next, part of each of the insulating films 215, 217, 221, 225, 243, and 245 is
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selectively etched, so that openings are formed to expose part of each of the gate
electrode 209, the electrode 241a, and the electrode 241b.  After a conductive film is
formed in the openings, part of the conductive film is selectively etched; thus, a wiring
249 which is in contact with the electrode 241b and a wiring 250 which is in contact
with the electrode 241a are formed. The wiring 249 and the wiring 250 can be formed
using a material used for the contact plugs 219a and 219b as appropriate.

[0259]

Here, the wiring 249 functions as the node M1 which electrically connects the
drain electrode of the transistor 140 to the gate electrode 209 of the transistor 142. The
wiring 250 functions as the source electrode of the transistor 140 and is electrically
connected to the volatile memory portion 106 in FIG. 4B. Note that in the case where
the capacitor 141 in FIG. 4B is provided, for example, an insulating film over the wiring
249 and a conductive film overlapping with the wiring 249 with the insulating film
therebetween may be provided. ‘

[0260] :

In FIG. 12B, the drain electrode of the transistor 140 and the gate electrode 209
of the transistor 142 are connected to each other through the wiring 249; however, this
embodiment is not limited to this structure. For example, an upper surface of the gate
electrode of the transistor 142 may be exposed from an upper surface of the insulating
film provided over the transistor 142, and one of the source electrode and the drain
electrode of the transistor 140 may be formed to be in direct contact with the upper
surface of the gate electrode.

[0261]

Note that after the above step, a step of forming an electrode, a wiring, a
semiconductor layer, an insulating layer, or the like may be further performed. When
a multilayer wiring structure in which an insulating layer and a conductive layer are
stacked is employed as a wiring structure, a highly integrated semiconductor device can
be obtained. For example, a multilayer wiring structure in which, as illustrated in FIG.
13, an insulating film 251, a wiring 252, a wiring 253, and an insulating film 254 are
formed over the wiring 249 and the wiring 250 may be employed. Here, the insulating
film 251 and the insulating film 254 can be formed using a material and a method that

are similar to those of the insulating film 245, and the wiring 252 and the wiring 253
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can be formed uSing a material and a method that are similar to those of the wiring 249
and the wiring 250. |
[0262]

Through the above steps, the CPU 105 of the microcomputer 100 including the
transistors 140 and 142 can be manufactured.

[0263] _

Further, it is preferable that at least part of the transistor 140 overlap with at
least part of the transistor 142. It is more preferable that at least part of the oxide
semiconductor film 229 overlap with at least part of the n-type impurity region 211a or
211b. With such a planar layout, an increase in area occupied by the CPU due to
provision of the transistor including a wide band gap semiconductor such as an oxide
semiconductor can be suppressed.

[0264] _

As described above, the transistor of the nonvolatile memory element is formed
using a material capable of sufficiently reducing off-state current of a transistor (e.g., an
oxide semiconductor material that is a wide band gap semiconductor). Using a
semiconductor material capable of sufficiently reducing off-state current of a transistor
makes. it possible to hold a potential for a long time without supply of power; thus, data
can be held in the nonvolatile memory element even when supply of power is stopped
by a power gate.

[0265]

By providing such a CPU including the nonvolatile memory portion, supply of
power to the CPU and the like can be stopped by a power gate. Thus, an alarm device
in which low power consumption is achieved can be provided.

[0266] ,

Further, by the method for manufacturing a transistor, which is described in
this embodiment, as well as a CPU including a volatile memory portion, a nonvolatile
memory portion, and the like, the photo sensor in FIG. 7 or the temperature sensor in
FIG. 8 can be formed.

[0267]
FIG. 14 is a cross-sectional view in which the photoelectric conversion element

114, the transistor 117, and the transistor 119 of the photo sensor 111 in FIG. 7 are
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formed using the structure in FIG. 12B. Here, the transistor 119 and the transistor 117
in FIG. 14 correspond to the transistor 142 and the transistor 140 in FIG. 12B,
respectively, and also have the same structures as those of the transistors 142 and 140;
therefore, description of FIGS. 9A to 9D, FIGS. 10A to 10C, FIGS. 11A to 11C, and
FIGS. 12A and 12B can be referred to for the details.

[0268] _

The structure in FIG. 14 is different from the structure in FIG. 12B in that the
photoelectric conversion element 114 is electrically connected to the transistor 117 and
provided over the insulating film 225.

[0269]

The photoelectric conversion element 114 includes a semiconductor film 260
provided over the insulating film 225, and a pair of the electrode 241a and an electrode
241c provided on and in contact. with the semiconductor film 260. The electrode 241a
is an electrode functioning as a source electrode or a drain electrode of the transistor
117 and electrically connects the photoelectric conversion element 114 to the transistor
117.

[0270] ‘

Over the semiconductor film 260, the electrode 241a, and the electrode 241c¢,
the gate insulating film 231, the insulating film 243, and the insulating film 245 are
provided. Further, a wiring 256 is provided over the insulating film 245 and connected
to the electrode 241c through an opening provided in the gate insulating film 231, the
insulating film 243, and the insulating film 245.

[0271]

The electrode 241c can be formed in steps similar to those of the electrode
241a and the electrode 241b, and the wiring 256 can be formed in steps similar to those
of the wiring 249,

[0272]

As the semiconductor film 260, a semiconductor | film which can perform
photoelectric conversion is provided, and for example, silicon, germanium, or the like
can be used. In the case of using silicon, the semiconductor film 260 functions as a
photosensor which senses visible light. Further, there is a difference, between silicon

and germanium, in wavelengths of electromagnetic waves that can be absorbed.. When
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the semiconductor film 260 includes germanium, a sensor which senses infrared ray can
be obtained.
[0273]

As described above, the photo sensor in FIG.7 and the temperature sensor in
FIG. 8 can be formed by the above method. Accordingly, a photosensor portion or a
temperature sensor portion can be incorporated into the microcomputer 100 described in
Embodiment 1, so that the number of components can be reduced and the housing of the
alarm device can be reduced.

[0274]

The structures, the methods, and the like in this embodiment can be combined
with each other, or can also be combined with any of the structures, methods, and the
like in the other embodiments as appropriate.

[0275}
(Embodiment 5)

In this embodiment, an example of a structure of a microcomputer included in
an alarm device according to one embodiment of the present invention, which is
different from that in FIG. 1, is described. |
[0276] .

FIG. 15 is a block diagram of a structure of a microcomputer 300. The
microcomputer 300 in FIG. 15 includes the power gate controller 103, an interrupt
controller 302, an oscillator circuit 303, a timer 304, the power gate 104, the CPU 105, a
CR oscillator circuit 305, a memory device 306, an 10 port 307, a comparator 308, and
an interface (IF) 309 for an external memory device. '

[0277]

Note that FIG. 15 is a block diagram of the microcomputer 300 in the case
where an oscillator 310 including a crystal oscillator 311 and the like as its components
is electrically connected to the microcomputer 300.

[0278]

In FIG. 15, an example of a structure of the microcomputer 300 in which the
timer 304 and the power gate controller 103 are separately provided; however, as in the
microcomputer 100 in FIG. 1, the power gate controller 103 may have a function of a

timer.
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[0279]

‘A digital signal output from the sensor portion 109 described in the above
embodiment is input to the microcomputer 300 from the 10 port 307.  The 1O port 307
generates a signal POIRQ when the above digital signal is input from the sensor portion
109.

[0280]

Note that an example where a digital signal is output from the sensor portion
109 is shown in the above embodiment, and an analog signal may be output from the
sensor portion 109. In this case, the analog signal output from the sensor portion 109
is input to the comparator 308. The comparator 308 has a function of comparing a
potential of the above analog signal with a reference potentiél and generating a digital
signal including a comparison result. Further, the comparator 308 generates a signal
COIRQ when the analog signal is' input.

[0281]

The oscillator circuit 303 has a function of generating a clock signal TCLK in
accordance with an oscillation frequency determined by the oscillator 310. The timer
304 has a function of measuring time with the use of the clock signal TCLK. The
timer 304 also has a function of generating a signal TOIRQ including information of the
measured time.

[0282]

F urther; data DATA input to the microcomputer 300 and a signal ADD
including address information are transmitted to an external memory device through the
IF 309.

[0283]

The merﬁory device 306 has a function of storing data input‘ through the IF 309
in an address specified by the signal ADD in accordance with an instruction of the CPU
105. In addition, the memory device 306 has a function of sending data read from the
address specified by the signal ADD to the CPU 105 in accordance with an instruction
of the CPU 105. In such a manner, in accordance with a program stored in the
memory device 306, operation of the microcomputer 300 can be controlled.
Specifically, it is preferablé that the memory device 306 be a nonvolatile memory

device including the nonvolatile memory portion 107 described in any of FIGS. 4A to
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4C in each bit.
[0284]

The interrupt controller 302 has a function of judging whether an interrupt
request for the CPU 105 is performed or not in accordance with the signal COIRQ, the
signal POIRQ, and the signal TOIRQ. In the case where interruption is pérformed, the
interrupt controller 302 has a function of generating an interruption signal INT. Note
that the interruption signal INT may be generated in the interrupt controller 302 or input
to the power gate controller 103 and the interrupt controller 302 from the outside of the
microcomputer 300.

[0285]

The CR oscillator circuit 305 has a function of generating a clock signal
MCLK. The clock signal MCLK is supplied to the CPU 105, the power gate controller
103, and the interrupt controller 302.

[0286]

The power gate controller 103 has a function of controlling on/off states of a
power switch 104a and a power switch 104b included in the power gate 104.

[0287]

When the power switch 104a is in an on-state, the high potential H is supplied
to the oscillator circuit 303 and the timer 304 from the high potential power supply line
VDD. Futther, when the power switch 104a is in an off-state, the high potential H is
not supplied to the oscillator circuit 303 and the timer 304 from the high potential power
supply line VDD.

[0288]

When the power switch 104b is in an on-state, the high potential H is supplied
to the CR oscillator circuit 305, the CPU 105, the memory device 306, the 10 port 307,
the comparator 308, and the IF 309 from the high potential power supply line VDD.
Further, when the power switch 104b is in an off-state, the high potential H is not
supplied to the CR oscillator circuit 305, the CPU 105, the memory device 306, the 10
port 307, the comparator 308, and the IF 309 from the high potential power supply line
VDD.

[0289]

Table 1 below shows operation states of the microcomputer 300 under the
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following conditions: the power switch 104a and the power switch 104b are in an
on-state (represented by Active); the power switch 104a is in an on-state and the power
switch 104b is in an off-state (represented by Noff1); and the power switch 104a and the
power switch 104b are in an off-state (represented by Noff2). Note that in Table 1, the
state where the high potential H is supplied is denoted by ON and the state where the

high potential H is not supplied is denoted by a symbol —.

10

15

20

[0290]
[Table 1]

Active Noffl Noff2
CPU 105 ON - -
CR Okscillator Circuit 305 ON - -
Oscillator Circuit 303 ON ON -
Power Gate Controller 103 ON ON ON
Interrupt Controller 302 ON - -
1O Port 307 ON - -
Timer 304 ON ON -
Comparator 308 ON - -
Memory Device 306 ON - -
IF 309 ON - -

[0291]
The structures, the methods, and the like described in this embodiment can be
combined as appropriate with any of the methods, structures, and the like described in

the other embodiments.

EXPLANATION OF REFERENCE

[0292]

10: housing, 12: inlet, 14: smoke, 100: microcomputer, 101: direct-current power source,
102: bus line, 103: power gate controller, 104: power gate, 105: CPU, 106: volatile
memory portion, 107: nonvolatile memory portion, 108: interface, 109: sensor portion,
110: photosensor portion, 111: photo sensor, 112: amplifier, 113: AD converter, 114:

photoelectric conversion element, 115: capacitor, 116: transistor, 117: transistor, 118:
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transistor, 119: transistor, 120: temperature sensor portion, 121: temperature sensor,
122: amplifier, 123: AD converter, 124: semiconductor element, 125: semiconductor
element, 126: constant current circuit, 127: constant current circuit, 130: light-emitting
element, 140: transistor, 141: capacitor, 142: transistor, 143: transistor, 144: transistor,
145: selector, 146: inverter, 147: capacitor, 148: flip-flop, 201: semiconductor substrate,
203: element isolation region, 207: gate insulating film, 209: gate electrode, 211a:
impurity region, 211b: impurity region, 215: insulating film, 217: insulating film, 219a:
contact plug, 219b: contact plug, 220: insulating film, 221: insulating film, 222:
insulating film, 223a: wiring, 223b: wiring, 224: electrode, 225: insulating film, 227:
oxide semiconductor film, 229: oxide semiconductor film, 231: gate insulating film,
233: gate electrode, 241a: electrode, 241b: electrode, 241c: electrode, 243: insulating
film, 245: insulating film, 249: wiring, 250: wiring, 251: insulating film, 252: wiring,
253: wiring, 254: insulating' film, 256: wiring, 260: semiconductor film, 300:
microcomputer, 302: controlier, 303: oscillator circuit, 304: timer, 305: CR oscillator
circuit, 306: memory device, 307: 10 port, 308: comparator, 309: IF, 310: oscillator, and

311: crystal oscillator.

This application is based on Japanese Patent Application serial no.
2012-126365 filed with Japan Patent Office on June 1, 2012 and Japanese Patent
Application serial no. 2012-159898 filed with Japan Patent Office on July 18, 2012, the

entire contents of which are hereby incorporated by reference.
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CLAIMS

1. A microcomputer compfising:

a power gate controller electrically connected to a power supply line;

a power gate electrically connected to the power supply line and the power gate
controller;

a CPU electrically connected to the power gate; and

- a sensor portion electrically connected to the power gate and the CPU,

wherein the power gate controller comprises a timer and is configured to
control the power gate with use of the timer,

wherein the power gate is configured to allow or stop supply of power from the
power supply line to the CPU and the sensor portion, in accordance with control by the
power gate controller;

wherein the sensor portion is configured to transmit a measurement value
obtained by measuring a physical quantity to the CPU,

wherein the CPU is configured to perform an arithmetic processing on the
measurement value and transmit a signal based on an arithmetic result,

wherein the CPU comprises a first memory portion and a second memory
portion electrically connected to the first memory portion,

wherein the first memory portion comprises a first transistor which comprises a
first semiconductor,

wherein the second memory portion comprises a second transistor which
comprises a second semiconductor, the second semiconductor having a different band
gap width from that of the first semiconductor, and

wherein the CPU is configured to store data of the first memory portion in the
second memory portion before the power gate stops the supply of power, and restore the
data of the second memory portion to the first memory portion when the power gate

allows to resume the supply of power.

2. The microcomputer according to claim I, wherein the second transistor

comprises an oxide semiconductor film.

PCT/JP2013/064426
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3. The microcomputer according to claim 2, wherein the oxide semiconductor

film comprises indium, gallium, and zinc.

4. The microcomputer according to claim 2, wherein the oxide semiconductor

film comprises a c-axis aligned crystalline oxide semiconductor.

5. The microcomputer according to claim 1, wherein the sensor portion is
configured to measure an amount of any one of an ultraviolet ray, an infrared ray, and

carbon monoxide as the physical quantity.

6. An alarm device comprising the microcomputer according to claim 1,
wherein the alarm device is any one of a gas alarm device, a burglar alarm device, and a

security alarm device.

7. An alarm device comprising a housing including a microcomputer,
wherein the microcomputer comprises:
a power gate controller electrically connected to a power supply line;
a power gate electrically connected to the poWer supply line and the power gate
controller; ‘
a CPU electrically connected to the power gate; and
a sensor portion electrically connected to the power gate and the CPU,
wherein the power gate controller comprises a timer and is configured
to control the power gate with use of the timer,
wherein the power gate is configured to allow or stop supply of power
from the power supply line to the CPU and the sensor portion, in accordance with
control by the power gate controller; |
wherein the sensor portion is configured to transmit a measurement
value obtained by measuring a physical quantity relating to a fire to the CPU,
wherein the CPU is configured to perform an arithmetic processing on
the measurement value and transmit a signal based on an arithmetic result,
wherein the CPU comprises a first memory portion and a second memory

portion electrically connected to the first memory portion,



10

15

20

25

30

WO 2013/180016

70

wherein the first memory portion comprises a first transistor which comprises a
first semiconductor,
wherein the second memory portion comprises a second transistor which
comprises a second semiconductor, the second semiconductor having a different band
gap width from that of the first semiconductor, and
wherein the CPU is configured to store data of the first memory
portion in the second memory portion before the power gate stops the supply of power,
and restore the data of the second memory portion to the first memory portion when the

power gate allows to resume the supply of power.

8. The alarm device according to claim 7, further comprising a light-emitting
element electrically connected to the microcomputer,

wherein the sensor portion comprises a photo sensor configured to measure an
amount of light as the physical quantity relating to a fire, and

wherein the light-emitting element and the photo sensor are configured to

operate when the power gate allows the supply of power to the sensor portion.

9. The alarm device according to claim 8, wherein light emitted from the
light-emitting element is configured to be scattered by smoke entering the housing and

then sensed by the photo sensor.

10. The alarm device according to claim 8, wherein the photo sensor comprises

a transistor comprising an oxide semiconductor film.

11. The alarm device according to claim 7, wherein the sensor portion
comprises a temperature sensor configured to measure a temperature as the physical
quantity relating to a fire when the power gate allows the supply of power to the sensor

portion.

12. The alarm device according to claim 11, wherein the temperature sensor
comprises a semiconductor element comprising an oxide semiconductor and a

semiconductor element comprising a silicon semiconductor.

PCT/JP2013/064426
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13. The alarm device according to claim 7, wherein power is supplied from a

battery to the power supply line.

14. The alarm device according to claim 7, wherein the second transistor

comprises an oxide semiconductor film.

15. The alarm device according to claim 14, wherein the oxide semiconductor

film comprises indium, gallium, and zinc.

16. The alarm device according to claim 14, wherein the oxide semiconductor

film comprises a c-axis aligned crystalline oxide semiconductor.

17. The alarm device according to claim 7,
wherein the CPU is configured to determine whether a fire occurs or not in the
arithmetic processing, and

wherein the signal is a fire occurrence signal or a no fire signal.

18. A microcomputer comprising:

a power supply line;

a power gate electrically connected to the power supply line;

a CPU electrically connected to the power gate; and

a sensor electrically connected to the CPU,

wherein the power gate is configured to control supply of power from the
power supply line to the CPU,

wherein the CPU is configured to perform an arithmetic processing on a
measurement value received from the sensor and transmit a signal based on a result of
the arithmetic processing,

wherein the CPU comprises a first memory portion and a second memory
portion electrically connected to the first memory portion, the second memory portion
comprising a transistor, the transistor comprising an oxide semiconductor film which

comprises a channel formation region, and
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-wherein the CPU is configured to store data of the first memory portion in the
second memory portion before the power gate stops the supply of power, and restore the
data of the second memory portion to the first memory portion when the power gate

allows to resume the supply of power.

19. The microcomputer according to claim 18, wherein the first memory

portion comprises a transistor which comprises a single crystal silicon.

20. The microcomputer according to claim 18, wherein the CPU is conﬁgured.

10 to transmit the signal wirelessly.
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