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(57) Abstract: An object is to reduce standby power in a data processing device, without loss of convenience, in a structure in which

o a power supply control device includes the data processing device. In a structure of a power supply control device which supplies
power to an external device using a main switch, a data processing device is provided in the power supply control device to control

o the main switch; a sub-switch supplying power to the data processing device is provided; and a volatile memory unit and a nonvolat -
ile memory unit are provided in the data processing device. Further, the sub-switch is off in a period in which data is stored in the
nonvolatile memory unit of the data processing device, so that power supply to the data processing device is intermittently stopped.



DESCRIPTION

POWER SUPPLY CONTROL DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a power supply control device including a data

processing function. Specifically, the present invention relates to a power supply

control device including a data processing device which is capable of holding data even

when not powered.

[0002]

Note that a power supply control device in this specification refers to a device

which is capable of controlling power supply to an external device such as an electronic

device. For example, a multi-outlet power strip, an AC adapter, a socket of

commercial power supply, and a device which is provided in an external device to

supply power to a power supply circuit in the external device are power supply control

devices.

BACKGROUND ART

[0003]

In recent years, there have been growing interests in the global warming and

the energy problem, and needs for a technology for reducing power consumption have

been increasing. An electronic device for daily use in which power consumption is

reduced without loss of convenience has been actively developed.

[0004]

Reducing power consumption of an electronic device is important not only in a

period during which the electronic device is operated but also in a period during which

the electronic device is not operated. In other words, it is important to reduce power

consumption in a standby state (hereinafter referred to as standby power).

[0005]

In view of the problem of a reduction in standby power, Patent Document 1

focuses on a multi-tap that is a power supply control device and discloses the multi-tap



in which a CPU (central processing unit), one of data processing devices, is provided.

Patent Document 1 discloses a structure in which power supply is controlled in

accordance with a status of use of an electronic device with the use of the CPU provided

in the multi-tap.

[Reference]

[Patent Document]

[0006]

[Patent Document 1] Japanese Published Patent Application No. 2006-172723

DISCLOSURE OF INVENTION

[0007]

In the structure of Patent Document I , in which the CPU, one of data

processing devices, is provided in the multi-tap that is a power supply control device,

standby power of the electronic device can be reduced, but standby power of the CPU ,

one of a data processing devices provided in the power supply control device cannot be

reduced.

[0008]

Thus, an object of one embodiment of the present invention is to reduce

standby power in a data processing device, without loss of convenience, in a structure of

a power supply control device including the data processing device.

[0009]

To achieve above object, in one embodiment of the present invention, a power

supply control device which supplies power to an external device using a main switch

(first switch) has the following structure: a data processing device is provided in the

power supply control device to control the main switch; a sub-switch (second switch)

supplying power to the data processing device is provided and a volatile memory unit

and a nonvolatile memory unit are provided in the data processing device. Further, in

one embodiment of the present invention, the sub-switch is off in a period in which data

is stored in the nonvolatile memory unit of the data processing device, so that power

supply to the data processing device is intermittently stopped.

[0010]

One embodiment of the present invention is a power supply control device



including a data processing device including a volatile memory unit and a nonvolatile

memory unit, a first switch supplying power to an external device in response to control

by the data processing device, and a second switch supplying power to the data

processing device in response to control by the data processing device; the data

processing device controls the first switch in accordance with a status of use of the

external device; and the data processing device turns on the second switch in a period in

which data is stored in the volatile memory unit, and turns off the second switch in a

period in which data is stored in the nonvolatile memory unit.

[001 1]

One embodiment of the present invention is a power supply control device

including a data processing device including a volatile memory unit, a nonvolatile

memory unit, and a timer circuit, a first switch supplying power to an external device in

response to control by the data processing device, and a second switch supplying power

to the data processing device in response to control by the data processing device; the

data processing device controls the first switch in accordance with a status of use of the

external device; the data processing device turns on the second switch in a period in

which data is stored in the volatile memory unit and turns off the second switch in a

period in which data is stored in the nonvolatile memory unit; and the data processing

device turns on the second switch in response to a signal from the timer circuit.

[0012]

One embodiment of the present invention is a power supply control device

including a data processing device including a volatile memory unit, a nonvolatile

memory unit, and a timer circuit; a signal detection circuit detecting a signal from an

external device; a human sensor circuit; a nonvolatile memory for storing information

of the external device; a first switch supplying power to the external device in response

to control by the data processing device; and a second switch supplying power to the

data processing device in response to control by the data processing device. The

nonvolatile memory is a circuit storing the signal from the external device that is

detected in the signal detection circuit; the data processing device controls the first

switch in accordance with a status of use of the external device; the data processing

device turns on the second switch in a period in which data is stored in the volatile

memory unit and turns off the second switch in a period in which data is stored in the



nonvolatile memory unit; and the data processing device turns on the second switch in

response to a signal from the signal detection circuit or the human sensor circuit or a

signal from the timer circuit.

[0013]

According to one embodiment of the present invention, it is preferable that a

rectifier circuit, an AC/DC converter, and a DC/DC converter be provided between the

second switch and the data processing device in the power supply control device.

[0014]

According to one embodiment of the present invention, the power supply

control device is preferably configured so that the data processing device turns off the

second switch and performs control so as to stop operation of the AC/DC converter and

operation of the DC/DC converter in the period in which data is stored in the

nonvolatile memory unit.

[0015]

According to one embodiment of the present invention, in the power supply

control device, it is preferable that a capacitor be electrically connected to a wiring

positioned between the DC/DC converter and the data processing device, the data

processing device include a voltage monitor circuit detecting a potential of the wiring to

which the capacitor is connected, and the voltage monitor circuit turn on the second

switch depending on the detected potential.

[0016]

According to one embodiment of the present invention, in the power supply

control device, it is preferable that the nonvolatile memory unit include a circuit that

holds the data by holding electrical charge using a transistor including an oxide

semiconductor layer.

[0017]

A power supply control device of one embodiment of the present invention

includes a sub-switch supplying power to a data processing device and the data

processing device controlling the sub-switch, whereby power supply to the data

processing device can be stopped intermittently, so that a reduction in power

consumption can be achieved. Further, the power supply control device of one

embodiment of the present invention includes a volatile memory unit and a nonvolatile



memory unit in the data processing device controlling the sub-switch, and data can be

saved from the volatile memory unit to the nonvolatile memory unit at the time when

the sub-switch is turned off; therefore, power supply to the data processing device can

be stopped without a reduction in performance of the data processing device.

[0018]

A power supply control device of one embodiment of the present invention

includes a signal detection circuit detecting a signal from an external device and a

human sensor circuit, and a main switch and a sub-switch can be turned on when it is

necessary to supply power to an external device. Therefore, a data processing device

can perform operations as needed, such as supply of power to the external device and

supply of power to the data processing device, and thus power consumption can be

reduced owing to a reduction in standby power of the external device and intermittent

stop of power supply to the data processing device.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

FIG. 1 is a block diagram illustrating a structure of a power supply control

device.

FIG. 2 is a block diagram illustrating a structure of a power supply control

device.

FIG. 3 is a block diagram illustrating a structure of a data processing device.

FIGS. 4A and 4B are block diagrams illustrating a structure of a volatile

memory unit and a nonvolatile memory unit included in a data processing device.

FIG. 5 is a timing chart showing operation of a volatile memory unit and a

nonvolatile memory unit.

FIGS. 6A and 6B are circuit diagrams illustrating configuration examples of a

nonvolatile memory unit.

FIG. 7 is a flowchart for showing operation of a power supply control device.

FIG. 8 is a flowchart for showing operation of a power supply control device.

FIG. 9 is a flowchart for showing operation of a power supply control device.

FIG. 10 is an Arrhenius plot diagram for showing off-state current.



BEST MODE FOR CARRYING OUT THE INVENTION

[0020]

Hereinafter, embodiments of the present invention will be described with

reference to the accompanying drawings. However, the present invention can be

carried out in many different modes, and it is easily understood by those skilled in the

art that modes and details of the present invention can be modified in various ways

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

the present invention should not be construed as being limited to the following

description of the embodiments. Note that in structures of the present invention

described below, reference numerals denoting the same portions are used in common in

different drawings.

[0021]

In the reference drawings, the size, the thickness of layers, and/or regions may

be exaggerated for clarity in some cases. Therefore, embodiments of the present

invention are not limited to such scales. Note that diagrams are perspective views of

ideal examples, and shapes or values are not limited to those illustrated in the diagrams.

For example, the following can be included: variation in signal, voltage, or current due

to noise; variation in signal, voltage, or current due to a difference in timing: or the like.

[0022]

Note that in this specification and the like, a transistor is an element having at

least three terminals of a gate, a drain, and a source. In addition, the transistor has a

channel region between the drain (a drain terminal, a drain region, or a drain electrode)

and the source (a source terminal, a source region, or a source electrode), and current

can flow through the drain, the channel region, and the source.

[0023]

Here, since a source and a drain may change depending on a structure,

operating conditions, and the like of the transistor, it is difficult to define which is the

source or the drain. Thus, a portion which functions as the source and a portion which

functions as the drain are not called a source and a drain and one of the source and the

drain is referred to as a first electrode and the other thereof is referred to as a second

electrode in some cases.

[0024]



In this specification, ordinal numbers such as "first", "second", and "third" are

used in order to avoid confusion among components, and the terms do not limit the

components numerically.

[0025]

Note that in this specification, when it is described that "A and B are connected

to each other", the case where A and B are electrically connected to each other is

included in addition to the case where A and B are directly connected to each other.

Here, expression "A is electrically connected to B" refers to a state where electric

signals can be sent and received between A and B in the state where an object having a

certain electric function exists between A and B.

[0026]

Note that in this specification, terms such as "over" and "below" are used for

convenience to describe a positional relation between components with reference to

drawings. In addition, the positional relation between components is changed as

appropriate depending on a view point from which the components are illustrated.

Therefore, without limitation to terms used in this specification, it is possible to

appropriately paraphrase the terms in accordance with the situation.

[0027]

Note that the layout of circuit blocks in a block diagram in a drawing specifies

the positional relation for description. Thus, even when a drawing shows that different

functions are achieved in different circuit blocks, an actual circuit or region may be

configured so that the different functions are achieved in the same circuit or region.

Further, a function of each circuit block in a block diagram in a drawing is specified for

description. Thus, even when one circuit block is illustrated, an actual circuit or region

may be configured so that processing which is illustrated as being performed in the one

circuit block is performed in a plurality of circuit blocks.

[0028]

(Embodiment 1)

FIG. 1 is an example of a block diagram illustrating a structure of a power

supply control device. A power supply control device 100 illustrated in FIG. 1

supplies power to an external device by outputting AC signals which are input from a



terminal AC_1N and a terminal AC_INB, from a terminal AC_OUT and a terminal

AC_OUTB.

[0029]

The power supply control device 100 includes a main switch 101 (also referred

to as a first switch), a sub-switch 102 (also referred to as a second switch), and a data

processing device 103. The power supply control device 100 further includes a

rectifier circuit 104, an AC/DC converter 105, a DC/DC converter 106, a capacitor 107,

and a nonvolatile memory 108. The data processing device 103 includes a volatile

memory unit 109 and a nonvolatile memory unit 10.

[0030]

The main switch 101 is turned on, whereby the AC signals which are input

from the terminal AC N and the terminal AC NB are output from the terminal

AC_OUT and the terminal AC_OUTB to the external device. The main switch 101 is

turned off, whereby the output of the AC signals input from the terminal AC_IN and the

terminal AC_INB, from the terminal AC_OUT and the terminal AC_OUTB to the

external device is stopped. The main switch 10 1 is turned on and off by being

controlled by the data processing device 103 in accordance with a status of use of the

external device. Turning off the main switch 101 makes it possible to reduce the

standby power of the external device.

[0031]

The sub-switch 102 is turned on, whereby the AC signals which are input from

the terminal AC_IN and the terminal AC_INB are output to the rectifier circuit 104.

The sub-switch 102 is turned off, whereby the output of the AC signals, which are input

from the terminal AC_IN and the terminal AC_INB, to the rectifier circuit 104 is

stopped. The sub-switch 102 is turned on and off by being controlled by the data

processing device 103.

[0032]

As the main switch and the sub-switch which are described in this specification,

a switch which is capable of mechanically operating, such as a relay circuit, or a switch

which is capable of electrical operation, such as a thyristor or a power transistor, can be

used.



[0033]

The rectifier circuit 104 is a circuit for rectifying an AC signal which is input.

[0034]

The AC/DC converter 105 is a circuit for smoothing a current which includes a

ripple rectified in the rectifier circuit 104 into a direct current to adjust a power factor.

[0035]

The DC/DC converter 106 is a circuit for converting the direct current signal

obtained by the conversion in the AC/DC converter 105 into a direct current having a

voltage at which the data processing device 103 can operate.

[0036]

The capacitor 107 is provided to hold the voltage which is obtained in the

DC/DC converter 106 and at which the data processing device 103 can operate.

[0037]

The nonvolatile memory 08 is a circuit for storing data or a program to be

processed in the data processing device 103. Note that examples of a memory element

included in the nonvolatile memory 108 include a ferroelectric memory (FeRAM), a

magnetic memory (MRAM), a phase-change memory (PRAM), and a resistive random

access memory (ReRAM) which utilizes a Colossal Electro-Resistance, in addition to a

flash memory. The memory element may be any memory element as long as it can

hold data even when not powered.

[0038]

The volatile memory unit 109 included in the data processing device 103 is a

memory circuit which stores a result of arithmetic performed in the data processing

device 103 when power is supplied, or data or a program which is used for the

arithmetic. The memory circuit corresponds to a register which has a function of

storing temporary data in the data processing device 103. For example, the volatile

memory unit 109 can be formed using a flip-flop. The volatile memory unit 109 is

preferably configured to store data at a higher speed than the nonvolatile memory unit

110. When the volatile memory unit 109 stores data at a high speed, the performance

of the data processing device 103 can be improved.

[0039]

The nonvolatile memory unit 1 0 included in the data processing device 103 is



a circuit for storing the result of the arithmetic or the data or the program used for the

arithmetic, which is stored in the data processing device 3 when the supply of power

is not performed. For example, the nonvolatile memory unit 110 can be formed using

a nonvolatile memory element.

[0040]

The data processing device 103 controls on/off of the main switch 101, controls

on/off of the sub-switch 102, and performs arithmetic processing which is necessary for

operating the devices provided in the power supply control device 100.

[0041]

For example, the data processing device 103 makes data in process saved from

the volatile memory unit 109 to the nonvolatile memory unit 1 0 every certain period

and. turns off the sub-switch 02 . In addition, the data processing device 103 operates

to turn on the sub-switch 102, return the data that is saved in the nonvolatile memory

unit 10 to the volatile memory unit 109, and perform arithmetic processing again.

[0042]

In addition, when a sensor or a signal detection circuit is provided in the power

supply control device 100, the data processing device 103 may be configured to perform

arithmetic processing on the basis of a signal from an external device or the sensor and

control on/off of the main switch 101 as needed.

[0043]

In the above structure described in this embodiment, the sub-switch can be

turned off in a period in which data is stored in the nonvolatile memory unit and data in

arithmetic processing can be saved in the nonvolatile memory unit in the period. n

the case where arithmetic processing restarts, the sub-switch is turned on and the saved

data is returned, so that interrupted arithmetic processing can be operated. Therefore,

it is possible to perform control so as to intermittently stop supplying power to the data

processing device without a reduction in performance of the data processing device.

According to one embodiment of the present invention, it is possible to intermittently

stop supplying power to the data processing device; thus, a reduction in power

consumption can be achieved.

[0044]

(Embodiment 2)



In this embodiment, a structure is described, which is obtained such a manner

that specific functions of monitoring power which is consumed in an external device

and displaying, on a display portion, a saved power in a period during which a data

processing device is stopped are added to the power supply control device described in

Embodiment 1, and operation of the structure is described in detail.

[0045]

<Structure of power supply control device>

FIG. 2 is an example of a block diagram illustrating a structure of a power

supply control device 200 obtained by adding a plurality of structures to the power

supply control device 100 of FIG. 1. The power supply control device 200 illustrated

in FIG. 2 supplies power to the external device by outputting AC signals which are

input from the terminal AC_IN and the terminal AC_INB, from the terminal AC_OUT

and the terminal AC_OUTB.

[0046]

The power supply control device 200 includes a main switch 201, a sub-switch

202, and a data processing device 203. The power supply control device 200 further

includes a rectifier circuit 204, an AC/DC converter 205, a DC/DC converter 206, a

capacitor 207, a nonvolatile memory 208, a current detection circuit 212, a signal

detection circuit 213, a human sensor circuit 214, and a display portion 215. The data

processing device 203 includes a volatile memory unit 209, a nonvolatile memory unit

210, and a timer circuit 2 11. In FIG. 2, the power supply control device 200 supplies

power to an external device 216 which is provided outside the power supply control

device 200.

[0047]

The main switch 201 is turned on, whereby the AC signals which are input

from the terminal AC_IN and the terminal AC_INB are output from the terminal

AC_OUT and the terminal AC_OUTB to the external device. The main switch 201 is

turned off, whereby the output of the AC signals input from the terminal AC_IN and the

terminal AC INB, from the terminal AC_OUT and the terminal AC_OUTB to the

external device is stopped. The main switch 201 is turned on and off by being

controlled by the data processing device 203 in accordance with a status of use of the



external device.

[0048]

The sub-switch 202 is turned on, whereby the AC signals which are input from

the terminal AC_IN and the terminal AC NB are output to the rectifier circuit 204.

The sub-switch 202 is turned off, whereby the output of the AC signals, which are input

from the terminal AC_IN and the terminal AC_INB, to the rectifier circuit 204 is

stopped. The sub-switch 202 is turned on and off by being controlled by the data

processing device 203.

[0049]

The rectifier circuit 204 is a circuit for rectifying an AC signal which is input.

[0050]

The AC/DC converter 205 is a circuit for smoothing a current which includes a

ripple rectified in the rectifier circuit 204 into a direct current.

[0051]

The DC/DC converter 206 is a circuit for converting the direct current obtained

by the conversion in the AC/DC converter 205 into a direct current having a voltage at

which the data processing device 203 can operate.

[0052]

The capacitor 207 is provided to hold the voltage which is obtained in the

DC/DC converter 206 and at which the data processing device 203 can operate. Note

that in FIG. 2, the potential of a Wiring which is connected to one electrode of the

capacitor 207 is a high power supply potential VDD, and the potential of a wiring which

is connected to the other electrode of the capacitor 207 is a ground potential GND.

[0053]

The nonvolatile memory 208 is a circuit for storing data or a program to be

processed in the data processing device 203. Note that examples of a memory element

included in the nonvolatile memory 208 include a FeRAM, an MRAM, a PRAM, and a

ReRAM, in addition to a flash memory. The memory element may be any memory

element as long as it can hold data even when not powered.

[0054]

The current detection circuit 2 2 is a circuit which detects a current value



which is consumed in the external device 216, in response to an instruction from the

data processing device 203. The detected current value that is consumed in the

external device 216 is output to the data processing device 203, converted into an

electric power value by arithmetic processing, and stored in the nonvolatile memory 208.

Note that the current detection circuit 212 described in this embodiment is an example

of a detection circuit which is provided to obtain data for arithmetic in the power supply

control device, and can be replaced with a circuit for obtaining a different physical

value.

[0055]

The signal detection circuit 213 is a circuit which receives a signal from the

external device 2 6 and outputs the received signal to the data processing device 203 or

stores in the nonvolatile memory 208. For example, in the case where the signal

received from the external device 216 is identification (ID) information of the external

device 216, data relating to the ID information is stored in the nonvolatile memory 208.

In the case where the signal received from the external device 216 is a signal for

requiring displaying the amount of power consumed in the external device 216, the

signal is output to the data processing device 203 and the data processing device 203

performs arithmetic of the amount of the power. Note that the signal is preferably sent

from the external device 216 to the signal detection circuit 213 wirelessly using an

electromagnetic wave or an infrared ray.

[0056]

The human sensor circuit 214 is a circuit for detecting movement of a person

around the power supply control device and movement in the periphery of the power

supply control device and outputting as an electric signal. Specifically, a vibration

sensor, a thermal sensor, a camera, or the like is provided and the movement of a person

around the power supply control device or the movement in the periphery of the power

supply control device is detected, and in response to the detection, an electric signal is

output to the data processing device 203.

[0057]

The display portion 215 displays the amount of the power consumption in the

external device 216, which is obtained by the arithmetic processing by the data

processing device 203. The display portion 215 may be a liquid crystal device, an EL



display device, or a display device which performs display by lighting of an LED.

Note that the display portion 215 described in this embodiment is an example of a

device for outputting data obtained by the arithmetic processing by the data processing

device 203, and can be replaced with a device which uses data obtained by arithmetic

processing.

[0058]

The volatile memory unit 209 included in the data processing device 203 is a

memory circuit which stores a result of arithmetic performed in the data processing

device 203 when power is supplied, or data or a program which is used for the

arithmetic. The memory circuit corresponds to a register which has a function of

storing temporary data in the data processing device 203. For example, the volatile

memory unit 209 can be formed using a flip-flop. The volatile memory unit 209 is

preferably configured to store data at a higher speed than the nonvolatile memory unit

210. When the volatile memory unit 209 stores data at a high speed, the performance

of the data processing device 203 can be improved.

[0059]

The nonvolatile memory unit 210 included in the data processing device 203 is

a circuit for storing the result of the arithmetic or the data or the program used for the

arithmetic, which is stored in the data processing device 203 when the supply of power

is not performed. For example, the nonvolatile memory unit 210 can be formed using

a nonvolatile memory element.

[0060]

The timer circuit 2 1 1 included in the data processing device 203 is a circuit

which generates a signal for making the data processing device 203 perform operation

for turning on the sub-switch 202. The timer circuit 2 can be formed using a

watchdog circuit.

[0061]

Note that power supply to the timer circuit 2 is performed separately from

power supply to the volatile memory unit 209 and the nonvolatile memory unit 210.

In other words, the timer circuit 2 1 can operate even when the power supply to the

volatile memory unit 209 and the nonvolatile memory unit 210 is stopped. The timer

circuit 2 1 can operate using the high power supply potential VDD and the ground



potential GND held by the capacitor 207, as a power supply voltage. Therefore, on/off

of the sub-switch 202 can be controlled every certain period separately from arithmetic

processing.

[0062]

<Structure of data processing device>

Next, the data processing device 203 is described using a block diagram.

[0063]

FIG. 3 illustrates an example of the block diagram of the data processing

device 203. In the block diagram illustrated in FIG. 3, the data processing device 203

is largely divided into a data processor 400, a watchdog circuit 410, a voltage monitor

circuit 4 3, and a power transistor 414. The data processor 400 includes an address

management section 401, a program memory 402, an instruction register 403, an

instruction decoder 404, a control section 405, a register group 406, an arithmetic logic

unit (ALU) 407 corresponding to an arithmetic unit, and an arithmetic register 408.

The watchdog circuit 410 includes a counter circuit 4 1 and a control circuit 412.

[0064]

Note that the volatile memory unit 209 and the nonvolatile memory unit 210

correspond to circuits used for the instruction register 403, the register group 406, and

the arithmetic register 408 included in the data processor 400, although the relation is

not illustrated.

[0065]

The address management section 401 included in the data processor 400

specifies an address for reading an instruction from the program memory 402 and takes

the instruction in the instruction register 403 by being controlled by the control section

405. Further, the address management section 401 manages an address of the register

group 406.

[0066]

The program memory 402 included in the data processor 400 stores a plurality

of instructions to be taken in the instruction register 403. The address is specified,

whereby the instruction is taken in the instruction register via a data bus.

[0067]

The instruction register 403 included in the data processor 400 receives the



instruction taken therein from the program memory 402 and outputs the instruction to

the instruction decoder 404.

[0068]

The instruction decoder 404 included in the data processor 400 decodes the

instruction which the instruction decoder 404 has received from the instruction register

403, to make the control section 405 perform processing.

[0069]

The control section 405 included in the data processor 400 takes control so that

data stored in the register group 406 or the arithmetic register 408 is read out to the

ALU 407 in response to the decoded instruction, and makes the ALU 407 perform

arithmetic processing based on the instruction. Note that examples of the data on

which the arithmetic processing is performed in the block diagram in FIG. 2 include a

signal based on the current value detected in the current detection circuit 212, ID

information of the external device 216 stored in the nonvolatile memory 208, a program

for performing display on the display portion 215, and the like.

[0070]

The register group 406 included in the data processor 400 temporarily stores

data used for an instruction and a result of arithmetic.

[0071]

The ALU 407 included in the data processor 400 performs arithmetic

processing on the data which is input from the register group 406 or the arithmetic

register 408 and stores the data again in the register group 406 or the arithmetic register

408.

[0072]

The arithmetic register 408 included in the data processor 400 takes the data

therein from the register group 406 or the program memory 402 and outputs the data to

the ALU 407.

[0073]

The operation of the data processor 400 described above can be largely divided

into operations of fetching, decoding, executing, and writing back. Specifically, in the

fetch processing, the address of the program memory 402 is specified and an instruction

is taken in the instruction register 403. In the decode processing, the instruction taken



in the instruction register 403 is translated in the instruction decoder 404. By the

control section 405, arithmetic operation is performed by controlling the data stored in

the register group 406 and the ALU 407 in accordance with the translated instruction.

In the write back processing, a result which is obtained from the arithmetic operation of

the ALU 407 is written in the register group 406 and the written data is returned to the

arithmetic register 408.

[0074]

Note that when the data processor 400 performs arithmetic processing, each of

the instruction register 403, the register group 406, and the arithmetic register 408 to

which data is written is configured to temporarily store data in a volatile memory unit of

the register. In addition, when power supply to the data processor 400 is stopped, each

of the instruction register 403, the register group 406, and the arithmetic register 408 is

configured to save the data of the volatile memory unit to the nonvolatile memory unit

in the register to store the data.

[0075]

The counter circuit 4 11 included in the watchdog circuit 410 is a circuit for

outputting a signal to the control circuit 412 every certain period on the basis of a

reference clock signal from a crystal oscillator or the like.

[0076]

The control circuit 412 included in the watchdog circuit 410 controls a

conduction state of the power transistor 4 14, controls on/off of the main switch 201 and

the sub-switch 202, and controls whether or not a signal for saving data of the volatile

memory unit in each register included in the data processor 400 to the nonvolatile

memory unit is output, in response to a signal received from the signal detection circuit

213 or the human sensor circuit 214, a signal from the counter circuit 4 11, or a signal

from the voltage monitor circuit 413.

[0077]

The voltage monitor circuit 413 is a circuit for controlling a potential of a

wiring supplied with the high power supply potential VDD so that the potential is not

less than a driving voltage of the data processing device 203, by monitoring the

potential. Specifically, in the case where a reference potential which is slightly higher

than the driving voltage and the high power supply potential VDD are compared with



each other using a comparator and the high power supply potential VDD is less than the

reference potential, a signal is output to the control circuit 412.

[0078]

The power transistor 414 is a transistor which is switched to a conduction state

and a non-conduction state in response to the signal from the control circuit 412 and

controls whether or not the power supply to the data processor 400 is stopped. Note

that although the power transistor 414 is provided on the ground potential GND side in

FIG. 3, the power transistor 414 may be provided on the high power supply potential

VDD side.

[0079]

Note that power supply to the watchdog circuit 410 and the voltage monitor

circuit 413 is performed separately from the power supply to the data processor 400.

In other words, the watchdog circuit 4 0 and the voltage monitor circuit 413 can operate

even when the power supply to the data processor 400 is stopped because of the

non-conduction state of the power transistor 414. The watchdog circuit 410 and the

voltage monitor circuit 413 can operate using the high power supply potential VDD and

the ground potential GND held by the capacitor 207, as a power supply voltage.

Therefore, separately from the arithmetic processing in the data processor 400, on/off of

the sub-switch 202 can be controlled in accordance with a period which is set in the

watchdog circuit 410 or a change in potential in the voltage monitor circuit 413.

[0080]

The data processing device 203 described above includes the voltage monitor

circuit 413 which continuously monitors the potential of the wiring supplied with the

high power supply potential VDD, whereby the data processing device 203 can perform

operation for turning on the sub-switch before operation failure due to a drop in the

potential of the higher power supply potential VDD. Further, the data processing

device 203 includes the watchdog circuit 410 which can output a signal every certain

period, whereby the data processing device 203 can perform operation for turning on the

sub-switch before operation failure due to a drop in the potential of the higher power

supply potential VDD. Further, since the conduction state of the power transistor 414

is controlled in response to the signal received from the signal detection circuit 213 or

the human sensor circuit 214, the signal from the timer circuit 2 1 , or the signal from



the voltage monitor circuit 413 in the data processing device 203, whereby the data

processing device 203 can perform operation for turning on the sub-switch in

accordance with a status of use.

[0081]

<Structure of volatile memory unit and nonvolatile memory unit>

Next, a structure of a volatile memory unit and an nonvolatile memory unit

which can be used for each of the instruction register 403, the register group 406, and

the arithmetic register 408 included in the data processor 400 is described. FIGS. 4A

and 4B illustrate an example of a block diagram of a register including a volatile

memory unit and a nonvolatile memory unit.

[0082]

In a register 500, a volatile memory unit and a nonvolatile memory unit are

provided as a set. A unit memory section including the set of the volatile memory unit

and the nonvolatile memory unit is capable of storing one-bit or plural-bit data. The

register 500 is described as the one which stores n-b\t in is a natural number) data in

FIG. 4A, and then a structure of the unit memory section which stores one-bit data is

described in FIG. 4B.

[0083]

FIG. 4A illustrates an example of a block diagram of a register including

volatile memory units and nonvolatile memory units. The register 500 illustrated in

FIG. 4A includes n unit memory sections 5 .

[0084]

The unit memory sections 501 each include a volatile memory unit 502 and a

nonvolatile memory unit 503.

[0085]

For example, the volatile memory unit 502 can be formed using a flip-flop. In

FIG. 4A, a D-flip-flop is illustrated as an example of the flip-flop. Power is supplied

from the high power supply potential VDD and the ground potential GND to the

volatile memory unit 502, and a clock signal CL and data D_l to D_n are input to the

volatile memory unit 502. Another signal for control may be input in accordance with

the circuit configuration of the volatile memory unit 502. The volatile memory units



502 hold the data D_l to Ό_η input into terminals D and output the data Q_l to _n

from output terminals Q in synchronization with the clock signal.

[0086]

Power is supplied from the high power supply potential VDD and a low power

supply potential VSS to the nonvolatile memory unit 503, and a writing control signal

EN_W, a reading control signal EN_R, and the data which is stored in the volatile

memory unit 502 are input to the nonvolatile memory unit 503. Another signal for

control may be input in accordance with the circuit configuration of the nonvolatile

memory unit 503. The nonvolatile memory unit 503 writes and reads the data by

control of the writing control signal EN_W and the reading control signal EN_R.

[0087]

As a nonvolatile memory element included in the nonvolatile memory unit 503,

a flash memory, a FeRAM, an MRAM, a PRAM, a ReRAM, or the like can be used.

[0088]

It is particularly preferable to use, as the nonvolatile memory element used for

the nonvolatile memory unit 503, a nonvolatile memory element including a circuit

which holds data by holding electrical charge with the use of a transistor including an

oxide semiconductor layer. When the transistor including an oxide semiconductor

layer is used for forming the nonvolatile memory unit 503, the nonvolatile memory unit

503 can be manufactured through a manufacturing process of the transistor; thus, cost

for manufacturing the storage circuit can be reduced.

[0089]

The writing control signal EN_W and the reading control signal EN_R are

signals for controlling writing and reading out of data to the nonvolatile memory

element of the nonvolatile memory unit 503. Specifically, the writing control signal

EN_W and the reading control signal EN_R switch on/off of each switch or transistor

included in the nonvolatile memory unit 503 to switch an electrical signal applied to the

nonvolatile memory element, whereby writing or reading is performed.

[0090]

Note that the writing control signal EN_W and the reading control signal

EN_R are generated on the basis of a signal which is output from the control circuit 412



of the watchdog circuit 410. Therefore, saving of data from the volatile memory unit

502 to the nonvolatile memory unit 503 and return of the data from the nonvolatile

memory unit 503 to the volatile memory unit 502 can be controlled depending on

control of on/off of the sub-switch 202.

[0091]

Next, a specific circuit configuration of the volatile memory unit 502 and the

nonvolatile memory unit 503 included in the unit memory section 501 in FIG. 4A is

illustrated in FIG. 4B.

[0092]

FIG. 4B illustrates a flip-flop including a combination of inverters and clocked

inverters, as a specific circuit configuration of the volatile memory unit 502. Note that

in FIG. 4B, the clocked signal CL is input to an inverter INV to generate an inverted

clock signal. The inverted clock signal may be input from the outside.

[0093]

Note that in FIG. 4B, in the case where data stored in the volatile memory unit

502 is written in the nonvolatile memory unit 503 to stop power supply to the register

500, the potential of a node Sig is sampled as data. In addition, in the case where the

data stored in the nonvolatile memory unit 503 is read out to the volatile memory unit

502 to restart the power supply to the register 500, a potential corresponding to the data

is output to a node Out.

[0094]

The nonvolatile memory unit 503 illustrated in FIG. 4B includes a writing

control circuit 5 1, a nonvolatile memory element 512, and a reading control circuit

513.

[0095]

The writing control circuit 5 11 is a circuit for switching a signal which is

output to the nonvolatile memory element 5 2 depending on the data stored in the

volatile memory unit 502. Specifically, for example, in the case where the nonvolatile

memory element 512 is a Re AM, the writing control circuit 5 11 is a circuit for

switching the polarity of a writing voltage which is applied to both ends of the ReRAM,

depending on the data. The writing control circuit 5 is controlled by the writing

control signal EN_W and the data.



[0096]

Examples of the nonvolatile memory element 512 are a flash memory, a

FeRAM, an MRAM, a PRAM, and a ReRAM. Alternatively, a nonvolatile memory

element including a circuit which holds data by holding electrical charge using a

transistor including an oxide semiconductor layer may be used.

[0097]

The reading control circuit 513 is a circuit for switching a signal which is

output to the volatile memory unit 502, depending on the data stored in the nonvolatile

memory element 512. Specifically, for example, in the case where the nonvolatile

memory element 512 is a ReRAM, a high resistance state and a low resistance state is

switched, depending on the written data. The reading control circuit 513 is a circuit

for extracting the data which is stored as the level of the resistance of the ReRAM as a

voltage value using resistive division using a constant current source or a resistance

element, by receiving the reading control signal EN_R.

[0098]

Note that the register 500 described using FIG. 4A can hold data even when not

powered. Therefore, power supply can be stopped intermittently without loss of data

of the instruction register 403, the register group 406, and the arithmetic register 408

included in the data processor 400 described in FIG. 3. Therefore, power can be

supplied only in a period which is necessary for data processing and the power supply

can be stopped as appropriate in accordance with a status of use. Accordingly, the data

processor 400 which can implement power gating using the power transistor 414

described in FIG. 3 can be achieved while keeping data processing capability.

[0099]

Operation of nonvolatile memory unit>

Next, circuit operation of the nonvolatile memory unit 503 described in FIG.

4B included in the unit memory section 501 is described with reference to a timing

chart.

[0100]

The timing chart in FIG. 5 shows the potential of the node Sig of the volatile

memory unit 502 illustrated in FIG. 4B, the potential of the writing control signal



EN_W, the potential of the reading control signal EN_R, the state of supply or stop of a

power supply voltage, and a status of the nonvolatile memory element.

[0101]

Note that in FIG. 5, the potential of each signal is denoted by two values, H

level and L level. In addition, in FIG. 5, "H L" in the node Sig indicates that the

potential of data has a value of either H level or L level in a period in which the volatile

memory unit 502 operates; "OFF" in the node Sig indicates the state in which no data is

stored because power supply to the volatile memory unit 502 is stopped.

[0102]

Furthermore, in FIG. 5, the reading control circuit 513 and the writing control

circuit 5 1 are in an operation state when the writing control signal EN_W is at H level

and/or when the reading control signal EN_R is at H level; the reading control circuit

13 and the writing control circuit 5 11 are in a non-operation state when the writing

control signal EN_W is at L level and/or when the reading control signal EN_R is at L

level.

[0103]

In FIG. 5, as for the presence or absence of power supply, a period with power

supply is denoted by "Supply", and a period without power supply is denoted by "Stop".

Further, holding, writing, and reading data of the nonvolatile memory element are

denoted by "Holding", "Writing", and "Reading", respectively.

[0104]

A period T O represents the one in which power is supplied to the register 500

and the volatile memory unit 502 operates to hold data. In the period TO, the writing

control signal EN_W and the reading control signal EN_R are set to L level, whereby

power supply performed. Note that the nonvolatile memory element holds data which

has been written in the preceding period, which is denoted by "Holding" in the period

TO.

[0105]

A period T represents the one in which power is supplied to the register 500

and the data having H level or L level (H/L) which is held in the volatile memory unit

502 is written in the nonvolatile memory element. In the period Tl, the writing control



signal EN_W is set to H level and the reading control signal EN_R is set to L level,

whereby power supply is performed. Note that in the period Tl, data corresponding to

the data held in the volatile memory unit 502 is written in the nonvolatile memory

element.

[0106]

A period T2 represents the one in which the nonvolatile memory element 512

holds the data which has been written in the period T l and thus the data is not lost even

the power supply to the register 500 is stopped. In the period T2, data is not input

from the volatile memory unit 502 (OFF), and the writing control signal EN_W and the

reading control signal EN_R are set to L level, whereby power supply is stopped.

Note that the nonvolatile memory element holds the data which has been written in the

period Tl, which is denoted by "Holding" in the period T2.

[0107]

A period T3 represents the one in which the power supply to the register 500 is

restarted and the data having level or L level (H/L) which has been written in the

nonvolatile memory element is read out so as to be held again in the volatile memory

unit 502. In the period T3, the data (H/L) which is read from the nonvolatile memory

unit 503 is held in the volatile memory unit 502, the writing control signal EN_W is set

to L level, and the reading control signal EN_R is set to H level, whereby power supply

is performed. Note that the reading from the nonvolatile memory element is

performed data corresponding to the data held in the nonvolatile memory unit 503 in the

period T2.

[0108]

This is the description of the timing chart showing the specific circuit operation

of the nonvolatile memory unit 503 in FIG. 4B included in the unit memory section 501.

[0109]

<Circuit configuration of nonvolatile memory element>

Next, an example of a possible circuit configuration of the nonvolatile memory

element 512 in FIG. 4B is described with reference to FIGS. 6A and 6B.

[01 10]

FIG. 6A illustrates the case where a variable resistance memory element 602 is



used as the nonvolatile memory element. The writing control signal EN_W and the

potential of the node Sig which is data of the volatile memory unit 502 are input to a

writing control circuit 601. Further, the reading control signal EN_R is input to a

reading control circuit 603 and data corresponding to the level of the resistance value of

the variable resistance memory element 602 is output to the node Out.

[01 11]

The writing control circuit 601 is a circuit for switching a signal which is

output to the variable resistance memory element 602, depending on the potential of the

node Sig. Specifically, in the case where the variable resistance memory element 602

is a ReRA , the polarity of a writing potential applied to both ends of the variable

resistance memory element 602 is switched depending on data. In the case where the

variable resistance memory element 602 is an MRAM, the direction of a current

flowing to the both ends is switched depending on the data.

[01 12]

The reading control circuit 603 is a circuit for switching a signal which is to be

output to the volatile memory unit 502, depending on the data stored in the variable

resistance memory element 602. Specifically, the data which is stored as the level of

the resistance value of the variable resistance memory element 602 is extracted as a

voltage value using a constant current source, a resistive dividing method with the use

of a resistor, or the like.

[01 13]

FIG. 6B is an example of a circuit which holds data by holding electrical

charge using a transistor including an oxide semiconductor layer. The circuit

illustrated in FIG. 6B includes a transistor including an oxide semiconductor layer

(hereinafter referred to as an OS transistor 6 1 1), a p-channel transistor 612, an

n-channel transistor 613, an n-channel transistor 614, and an inverter 615. In FIG. 6B,

"OS" is written beside the OS transistor 6 1 in order to indicate that the OS transistor

6 1 includes an oxide semiconductor layer.

[01 14]

Here, an oxide semiconductor used for the semiconductor layer of the OS

transistor 6 1 is described in detail.



[01 15]

At least indium (In) or zinc (Zn) is preferably contained as an oxide

semiconductor used for a channel formation region in the semiconductor layer of the

transistor. In particular, In and Zn are preferably contained. A stabilizer for strongly

bonding oxygen is preferably contained in addition to In and Zn. As a stabilizer, at

least one of gallium (Ga), tin (Sn), zirconium (Zr), hafnium (Hf), and aluminum (Al)

may be contained.

[01 16]

As another stabilizer, one or plural kinds of lanthanoid such as lanthanum (La),

cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (S ), europium (Eu),

gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium

(Tm), ytterbium (Yb), or lutetium (Lu) may be contained.

[01 17]

As the oxide semiconductor, the following can be used, for example: an

In-Sn-Ga-Zn-based oxide, an In-Ga-Zn-based oxide, an In-Sn-Zn-based oxide, an

In-Zr-Zn-based oxide, an In-Al-Zn-based oxide, a Sn-Ga-Zn-based oxide, an

Al-Ga-Zn-based oxide, a Sn-Al-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 ln-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-Zn-based oxide, a Sn-Zn-based

oxide, an Al-Zn-based oxide, a Zn-Mg-based oxide, a Sn-Mg-based oxide, an

In-Mg-based oxide, or an In-Ga-based oxide, an In-based oxide, a Sn-based oxide, or a

Zn-based oxide.

[0 18]

Note that here, for example, an In-Ga-Zn-based oxide refers to an oxide mainly

containing In, Ga, and Zn, and there is no limitation on the ratio of In to Ga and Zn.

[01 19]

Alternatively, a material represented by InM0 3(ZnO) m > 0) may be used as

an oxide semiconductor. Note that M represents one or more metal elements selected

from Ga, Fe, Mn, and Co. Still alternatively, a material represented by In2Sn0 5(ZnO)„



( > 0) may be used as an oxide semiconductor.

[0120]

For example, an In-Ga-Zn-based oxide with an atomic ratio of In:Ga:Zn =

3:1:2, 1:1 :1, or 2:2:1, or an oxide whose atomic ratio is in the neighborhood of the

above atomic ratios can be used. Alternatively, an In-Sn-Zn-based oxide with an

atomic ratio of In:Sn:Zn = 1: 1 :1, In:Sn:Zn = 2:1:3, or In:Sn:Zn = 2:1 :5, or an oxide with

an atomic ratio close to the above atomic ratios may be used.

[0121]

Note that for example, the expression "the composition of an oxide including In,

Ga, and Zn at the atomic ratio, In:Ga:Zn = a:b:c (a + b + c = 1), is in the neighborhood

of the composition of an oxide including in, Ga, and Zn at the atomic ratio, In:Ga:Zn =

A:B:C (A + B + C = 1)" means that a, b, and c satisfy Formula (1).

[0122]

(<3- A)2 + (6-B) 2 + (c-C) 2 < r ( 1)

[0123]

For example, r may be 0.05. The same applies to other oxides.

[0124]

However, the composition of the oxide semiconductor is not limited to those

described above, and an oxide semiconductor having an appropriate composition may

be used depending on necessary semiconductor characteristics (e.g., field-effect

mobility or threshold voltage). In order to obtain the required 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, the density, and the like be set to appropriate values.

[0125]

When an oxide semiconductor is highly purified, the off-state current of a

transistor using such an oxide semiconductor for a channel formation region in a

semiconductor layer can be sufficiently reduced (here, the off-state current means a

drain current when a potential difference between a source and a gate is equal to or

lower than the threshold voltage in the off state, for example). A highly purified oxide

semiconductor can be obtained, for example, in such a manner that a film is deposited



while heating is performed so as to prevent hydrogen and a hydroxyl group from being

contained in the oxide semiconductor, or heat treatment is performed after film

deposition so as to remove hydrogen and a hydroxyl group from the film. In the case

where a highly purified In-Ga-Zn-based-oxide semiconductor is used for a channel

region of a transistor having a channel length of 10 µ η , a semiconductor film thickness

of 30 nm, and a drain voltage of about V to 10 V, the off-state current of the transistor

can be reduced to l x 10- ' A or less. In addition, the off-state current per channel

width (the value obtained by dividing the off-state current by the channel width of the

transistor) can be made about lxl0 2 Α/ µνη ( 0 yA j m) to xlO -22 Α/ µηι (100 yA/µιη ) .

[0126]

In order to detect extremely low off-state current due to the use of a highly

purified oxide semiconductor, a relatively large transistor is fabricated to measure the

off-state current, whereby an off-state current that actually flows can be estimated.

FIG. 10 shows an Arrhenius plot of the off-state current per channel width W of 1 µ ι

of a large transistor having a channel width W of (1000000 µιτι) and a channel

length L of 3 µ η when the temperature changes to 0 °C, 125 °C, 85 °C, and 27 °C.

As seen from FIG. 10, it is found that the off-state current is as extremely small as 3 x

10 26 Α /µ η . The reason the off-state current is measured at elevated temperature is

that a very low current at room temperature cannot be measured.

[0127]

An oxide semiconductor film which is formed may be in a non-single-crystal

state, for example. The non-single-crystal state is, for example, structured by at least

one of c-axis aligned crystal (CAAC), polycrystal, microcrystal, and an 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). Further, an oxide semiconductor film

including CAAC is referred to as a CAAC-OS film.
[0128]

For example, an oxide semiconductor film may include a CAAC-OS. In the

CAAC-OS, for example, c-axes are aligned, and a-axes and/or b-axes are not



macroscopically aligned.

[0129]

For example, an oxide semiconductor film may include microcrystal. 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 example. Alternatively, a microcrystalline oxide

semiconductor film, for example, includes a crystal-amorphous mixed phase structure

where crystal parts (each of which is greater than or equal to 1 nm and less than 10 nm)

are distributed.

[0130]

For example, an oxide semiconductor film 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.

[0131]

Note that an oxide semiconductor film 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-OS. Further, the mixed film may have a stacked structure including a

region of an amorphous oxide semiconductor, a region of a microcrystalline oxide

semiconductor, and a region of a CAAC-OS, for example.

[0132]

Note that an oxide semiconductor film may be in a single-crystal state, for

example.

[0133]

An oxide semiconductor film 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.

[0134]

The CAAC-OS film is not absolutely amorphous. The CAAC-OS film, for

example, includes an oxide semiconductor with a crystal-amorphous mixed phase

structure where crystal parts and amorphous parts are intermingled. Note that in most

cases, the crystal part fits inside a cube whose one side is less than 100 n . In an

image obtained with a transmission electron microscope (TEM), a boundary between an

amorphous part and a crystal part and a boundary between crystal parts in the

CAAC-OS film are 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.

[0135]

In each of the crystal parts included in the CAAC-OS film, for example, 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, a term

"perpendicular" includes a range from 80° to 100°, preferably from 85° to 95°. In

addition, a term "parallel" includes a range from -10° to 10°, preferably from -5° to 5°.

[0136]

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.

[0137]

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 may 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

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.

[0138]

In a transistor using the CAAC-OS film, change in electric characteristics due

to irradiation with visible light or ultraviolet light is small. Thus, the transistor has

high reliability.

[0139]

The above is the description of the oxide semiconductor used for the

semiconductor layer of the OS transistor 6 11.

[0140]

In the circuit illustrated in FIG. 6B, one of a source and a drain of the OS

transistor 6 is connected to a wiring supplied with the potential of the node Sig that is

the data of the volatile memory unit 502. A gate of the OS transistor 6 1 is connected

to a wiring to which the writing control signal EN_W is input. The other of the source

and the drain of the OS transistor 6 11 is connected to a gate of the n-channel transistor

614.

[0141]

Note that a node where the other of the source and the drain of the OS

transistor 6 1 and the gate of the n-channel transistor 614 are connected to each other is



referred to as a node_M. Turning off the OS transistor 6 1 enables the node_M to

hold electrical charge corresponding to the data of the volatile memory unit 502.

[0142]

Note that it is preferable that the OS transistor 6 11 have a small drain current

when the gate voltage is 0 V. In a manner similar to the off-state current, the drain

current at this condition is preferably approximately 1 x 0 A / µηι (10 yA/ µ η ) to 1 x

10-22 Α / µ η (100 yA/ µ η ) . Therefore, it is preferable that the threshold voltage of the

OS transistor 6 1 1 be positively shifted. Specifically, the positive shift of the threshold

voltage can be achieved in such a manner that a back gate electrode is provided in the

OS transistor and a negative bias is applied to a channel formation region of the OS

transistor.

[0143]

In the circuit illustrated in FIG. 6B, one of a source and a drain of the

p-channel transistor 612 is connected to a wiring supplied with the high power supply

potential VDD. A gate of the p-channel transistor 612 is connected to a wiring to

which the reading control signal EN_R is input. The other of the source and the drain

of the p-channel transistor 612 is connected to one of a source and a drain of the

n-channel transistor 613.

[0144]

In the circuit illustrated in FIG. 6B, a gate of the n-channel transistor 613 is

connected to the wiring to which the reading control signal EN_R is input. The other

of the source and the drain of the n-channel transistor 6 13 is connected to one of a

source and a drain of the n-channel transistor 614.

[0145]

In the circuit illustrated in FIG. 6B, the other of the source and the drain of the

n-channel transistor 614 is connected to a ground line.

[0146]

In the circuit illustrated in FIG. 6B, an input terminal of the inverter 615 is

connected to the other of the source and the drain of the p-channel transistor 612 and the

one of the source and the drain of the n-channel transistor 613. An output terminal of

the inverter 6 1 is connected to the node Out.



[0147]

In the circuit illustrated in FIG. 6B, the OS transistor 6 1 is a writing control

circuit 621, the node_M is a nonvolatile memory element 622, and the p-channel

transistor 612, the n-channel transistor 613, the n-channel transistor 614, and the

inverter 615 are a reading control circuit 623. In other words, the writing control

circuit 621 holds electrical charge in the node_M that is the nonvolatile memory

element 622, in accordance with the writing control signal EN_W. The reading

control circuit 623 can output a signal in accordance with the data to the node OUT,

depending on the electrical charge held in the nonvolatile memory element 622.

[0148]

<Operation of power supply control device>

Next, FIG. 7 shows a flowchart showing an example of the operation of the

power supply control device 200 in FIG. 2..

[0149]

First, in Step 701, both the main switch 201 and the sub-switch 202 of the

power supply control device 200 are turned on. Therefore, power is supplied to the

external device 2 and thus the potential of the one electrode of the capacitor 207 (on

the VDD side in FIG. 2) is increased.

[0150]

In Step 702, it is determined whether or not the potential of the one electrode of

the capacitor 207 reaches a voltage at which the data processing device 203 can operate

(driving voltage). When the potential of the one electrode of the capacitor 207 reaches

the driving voltage of the data processing device 203, it proceeds to the next Step 703;

when it does not reach the driving voltage, Step 701 is repeated.

[0151]

In Step 703, it is determined whether or not response of a signal is given from

the external device 216 to the signal detection circuit 213 by power supply to the

external device 216. The signal from the external device 216, which is received by the

signal detection circuit 213, is an identification data (ID) and the like of the external

device 216. In the case where the response of the signal is given from the external

device to the signal detection circuit 213, it proceeds to the next Step 704; in the case



where the response is not given, the next Step 704 is skipped and it proceeds to Step

705.

[0152]

In Step 704, when the signal from the external device 6, which is received by

the signal detection circuit 213, is an identification data of the external device 216, the

identification data is stored in the nonvolatile memory 208. It is possible that in the

case where the signal from the external device 216, which is received by the signal

detection circuit 213, is a new identification data, writing of the data is performed while

in the case where the signal is the identification data which has already been stored,

writing of the data is not performed and a signal indicating that response of a signal to

the signal detection circuit 213 is unnecessary may be sent to the external device 2 .

[0153]

In Step 705, the data processing device 203 is stopped. By the processing, the

power supply to the data processing device 203 via the sub-switch 202 is stopped.

Accordingly, standby power when the data processing device 203 does not operate can

be eliminated. Note that the power supply can be stopped without loss of the data by

saving the data of the volatile memory unit 209 to the nonvolatile memory unit 210 in

the data processing device 203 before the sub-switch 202 is turned off, as described

above. Accordingly, intermittent power supply is performed, whereby power

consumption can be reduced without lowering the function of the data processing

device 203.

[0154]

In Step 706, control of the AC/DC converter 205, the DC/DC converter 206,

the nonvolatile memory 208, and the current detection circuit 212 is stopped.

Specifically, the power transistor is turned off by power gating control for each circuit.

[0155]

In Step 707, the sub-switch 202 is turned off.

[0156]

Since the sub-switch 202 is turned off, the potential of the one electrode of the

capacitor 207 starts to decrease. In Step 708, it is determined whether or not the

potential of the one electrode of the capacitor 207, which is obtained after the

sub-switch 202 is turned off, is reduced to lower than the driving voltage. When the



potential of the one electrode of the capacitor 207 is reduced to lower than the driving

voltage, it proceeds to the next Step 709; when the potential is not reduced to less than

or equal to the driving voltage, it proceeds to Step 10.

[0157]

In the step 709, the sub-switch 202 is turned on. Since the sub-switch 202 is

turned on, the potential of the one electrode of the capacitor 207 is increased to reach a

voltage at which the data processing device 203 can operate (driving voltage).

[0158]

In Step 710, prescribed time is counted in the watchdog circuit that is the timer

circuit 2 1. After the prescribed time, it proceeds to Step 709.

[0159]

In Step 7 11, the AC/DC converter 205, the DC/DC converter 206, the

nonvolatile memory 208, and the current detection circuit 212 is resumed (operated).

Specifically, the power transistor is turned on by power gating control for each circuit.

[0160]

in Step 712, the data processing device 203 is operated. By the processing,

the data of the nonvolatile memory unit 210 can be returned to the volatile memory unit

209 in the data processing device 203 as described above, so that arithmetic processing

can be restarted without loss of the data.

[0161]

After Step 712 is performed and arithmetic processing is performed again, the

process returns to Step 706 and loop processing of the above steps is performed.

[0162]

Next, an interrupt processing between the Steps 706 to 712 by the signal

detection circuit 213 and the human sensor circuit 214 is described using flowcharts of

FIG. 8 and FIG. 9.

[0163]

FIG. 8 is a flowchart in the case where the interrupt processing occurs due to a

signal obtained in the human sensor circuit 214. The flowchart in FIG. 8 shows the

processing which starts between any steps of Steps 706 to 712 described with reference

to FIG. 7. Note that after reaching the end of the flowchart shown in FIG. 8, it

proceeds to Step 705 shown in FIG. 7, and the loop processing of the steps is executed



from Step 705 as a start point.

[0164]

First, in Step 801, the human sensor circuit 214 determines whether or not there

is movement in the periphery thereof. In the case where the human sensor circuit 214

detects movement in the periphery thereof, it proceeds to the next Step 802; in the case

where the human sensor circuit 214 does not detect the movement, it proceeds to the

end. Note that the detection of the movement in the periphery varies depending on a

sensor included in the human sensor circuit 214; specifically, in the case where a

vibration sensor is used as the sensor, vibration due to a movement of a person is

detected as an electric signal.

[0165]

In Step 802, it is determined whether or not the sub-switch 202 is on. When

the sub-switch 202 is on, it proceeds to Step 806; when the sub-switch 202 is off, it

proceeds to Step 803.

[0166]

In Step 803, the sub-switch 202 is turned on.

[0167]

In Step 804, the AC/DC converter 205, the DC/DC converter 206, the

nonvolatile memory 208, and the current detection circuit 212 is operated. Specifically,

the power transistor is turned on by power gating control for each circuit.

[0168]

In Step 805, the data processing device 203 is operated. By the processing,

the data of the nonvolatile memory unit 210 can be returned to the volatile memory unit

209 in the data processing device 203 as described above, so that arithmetic processing

can be restarted without loss of the data

[0169]

In Step 806, the data processing device 203 multiplies a voltage value and time

on the basis of the current value detected by the current detection circuit 212 to

calculate the power consumption of the external device 216. Further, in the case where

power consumption in the preceding period is stored in the data processing device 203,

it is possible to calculate the amount of a change in the power consumption. Note that

in Step 806, in the case where the main switch 201 is on, the power consumption of the



external device 216 is estimated by performing arithmetic processing on the basis of the

current value which is detected in the current detection circuit 212; in the case where the

main switch 201 is off, the power consumption is estimated to be substantially zero.

[0170]

In Step 807, data of the power consumption obtained by the arithmetic

operation in Step 806 is stored in the volatile memory unit 209 of the data processing

device 203.

[0171]

In Step 808, the data of the power consumption stored in Step 807 is displayed

on the display portion 215.

[0172]

In Step 809, it is determined whether or not the main switch 201 is to be turned

on because of the detection of the movement in the periphery by the human sensor

circuit 214. In the case where the main switch 201 is to be turned on, it proceeds to the

next Step 810; in the case where the main switch 201 is not to be turned on, it proceeds

to Step 705 in FIG. 7.

[0173]

In Step 810, the main switch 201 is turned on. After Step 810, it proceeds to

the end and returns to Step 705 in FIG. 7.

[0174]

The above is the description of the flowchart in the case where the interrupt

processing occurs due to a signal obtained in the human sensor circuit 214.

[0175]

Next, FIG. 9 is a flowchart in the case where an interrupt processing occurs due

to a signal obtained in the signal detection circuit 213. The flowchart in FIG. 9 shows

the processing which starts between any steps of Steps 706 to 712 described with

reference to FIG. 7. Note that after reaching the end of the flowchart shown in FIG. 9,

it proceeds to Step 705 shown in FIG. 7, and the loop processing of the steps is executed

from Step 705 as a start point.

[0176]

First, in Step 901, it is determined whether or not the signal detection circuit

2 3 receives a signal from the external device 216. In the case where the signal



detection circuit 213 receives the signal from the external device 216, it proceeds to the

next Step 902; in the case where the signal detection circuit 213 does not receive the

signal, it proceeds to the end. Note that the signal from the external device 2 6 may be

sent to the signal detection circuit 213, for example, when the external device 216 is not

used in a certain period.

[0177]

In Step 902, the sub-switch 202 is turned on.

[0178]

In Step 903, the AC/DC converter 205, the DC/DC converter 206, the

nonvolatile memory 208, and the current detection circuit 212 is operated. Specifically,

the power transistor is turned on by power gating control for each circuit.

[0179]

In Step 904, the data processing device 203 is operated. By the processing,

the data of the nonvolatile memory unit 210 can be returned to the volatile memory unit

209 in the data processing device 203 as described above, so that arithmetic processing

can be restarted without loss of the data.

[0180]

In Step 905, it is determined whether or not identification data corresponding to

the signal which the signal detection circuit 213 has received from the external device

216 is stored in the nonvolatile memory 208. In the case where the identification data

is not stored in the nonvolatile memory 208, it proceeds to the Step 906; in the case

where the identification data is stored in the nonvolatile memory 208, Step 906 is

skipped and it proceeds to Step 907.

[0181]

In Step 906, in the case where the signal which the signal detection circuit 2 3

has received from the external device 216 is an identification data which is not stored in

the nonvolatile memory 208, the identification data is stored in the nonvolatile memory

208.

[01 82]

In Step 907, it is determined whether or not the main switch 201 is to be turned

off. The determination is made in the case where the signal is sent from the external

device 216 to the signal detection circuit 2 3 when the external device 216 is not used



in the certain period. In the case where the main switch 201 is to be turned off, it

proceeds to the next Step 908; in the case where the main switch 201 is not to be turned

off, it proceeds to the end and returns to Step 705 in FIG. 7.

[0183]

In the step 908, the main switch 201 is turned off. After Step 908 is

performed, it proceeds to the end and returns to Step 705 of FIG. 7.

[0184]

The above is the description of the flowchart in the case where the interrupt

processing occurs due to a signal obtained in the signal detection circuit 213.

[0185]

In the power supply control device of one embodiment described above, the

signal detection circuit which detects the signal from the external device and the human

sensor circuit are included, and the main switch and the sub-switch can be turned on

when it is necessary to supply power to the external device. Therefore, the data

processing device can perform operation such as power supply to the external device or

power supply to the data processing device, as necessary, whereby power consumption

can be reduced by a reduction in standby power of the external device and an

intermittent stop of power supply in the data processing device.

[0186]

This embodiment can be implemented by being combined as appropriate with

the above embodiment.

EXPLANATION OF REFERENCE

[0187]

D_n: data; D_l : data; Q_n: output terminal; Q_l : output terminal; TO: period; T l :

period; T2: period; T3: period; Wl: channel width; INV: inverter; 100: power supply

control device; 101 : main switch; 102: sub-switch; 103: data processing device; 104:

rectifier circuit; 05: AC/DC converter; 106: DC/DC converter; 107: capacitor; 108:

nonvolatile memory; 109: volatile memory unit; 10: nonvolatile memory unit; 200:

power supply control device; 201 : main switch; 202: sub-switch; 203: data processing

device; 204: rectifier circuit; 205: AC/DC converter; 206: DC/DC converter; 207:

capacitor; 208: nonvolatile memory; 209: volatile memory unit; 210: nonvolatile



memory unit; 2 1: timer circuit; 212: current detection circuit; 213: signal detection

circuit; 214: human sensor circuit; 215: display portion; 216: external device; 400: data

processor; 401: address management section; 402: program memory; 403: instruction

register; 404: instruction decoder; 405: control section; 406: register group; 407: ALU;

408: arithmetic register; 410: watchdog circuit; 4 1 : counter circuit; 412: control circuit;

413: voltage monitor circuit; 414: power transistor; 500: register; 501: unit memory

section; 502: volatile memory unit; 503: nonvolatile memory unit; 5 11: control circuit;

512: nonvolatile memory element; 513: control circuit; 601 : control circuit; 602:

variable resistance memory element; 603: control circuit; 6 : OS transistor ; 612:

p-channel transistor; 613: n-channel transistor; 614: n-channel transistor; 615: inverter;

621: control circuit; 622: nonvolatile memory element; 623: control circuit.

This application is based on Japanese Patent Application serial no.

2012-076764 filed with Japan Patent Office on March 29, 2012, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A power supply control device comprising:

a data processing device including a volatile memory unit and a nonvolatile

memory unit;

a first switch supplying power to an external device in response to control by

the data processing device; and

a second switch supplying power to the data processing device in response to

control by the data processing device,

wherein the data processing device is configured to control the first switch in

accordance with a status of use of the external device, and

wherein the data processing device turns on the second switch in a period in

which data is stored in the volatile memory unit, and turns off the second switch in a

period in which data is stored in the nonvolatile memory unit.

2. The power supply control device according claim 1, further comprising a

timer circuit,

wherein the data processing device turns on the second switch in response to a

signal from the timer circuit.

3. The power supply control device according to claim 1, further comprising:

a signal detection circuit detecting a signal from the external device;

a human sensor circuit; and

a nonvolatile memory for storing information of the external device,

wherein the nonvolatile memory is a circuit storing the signal from the external

device that is detected in the signal detection circuit, and

wherein the data processing device turns on the second switch in response to a

signal from the signal detection circuit or the human sensor circuit.

4. The power supply control device according to claim 1, wherein a rectifier



circuit, an AC/DC converter, and a DC/DC converter are provided between the second

switch and the data processing device.

5. The power supply control device according to claim 4, wherein the data

processing device turns off the second switch and performs control so as to stop

operation of the AC/DC converter and operation of the DC/DC converter in the period

in which data is stored in the nonvolatile memory unit.

6. The power supply control device according to claim 4,

wherein a capacitor is electrically connected to a wiring positioned between the

DC/DC converter and the data processing device,

wherein the data processing device includes a voltage monitor circuit detecting

a potential of the wiring to which the capacitor is connected, and

wherein the voltage monitor circuit turns on the second switch depending on a

potential which the voltage monitor circuit detects.

7. The power supply control device according to claim 1, wherein the

nonvolatile memory unit includes a circuit that holds the data by holding electrical

charge using a transistor including an oxide semiconductor layer.

8. A power supply control device comprising:

a data processing device including a first memory unit and a second memory

unit;

a first switch supplying power to an external device in response to control by

the data processing device; and

a second switch supplying power to the data processing device in response to

control by the data processing device,

wherein data is held in the second memory unit when not powered,

wherein the data processing device is configured to control the first switch in

accordance with a status of use of the external device, and

wherein the data processing device turns on the second switch in a period in

which data is stored in the first memory unit, and turns off the second switch in a period



in which data is stored in the second memory unit.

9. The power supply control device according claim 8, further comprising a

timer circuit,

wherein the data processing device turns on the second switch in response to a

signal from the timer circuit.

10. The power supply control device according to claim 8, further comprising:

a signal detection circuit detecting a signal from the external device;

a human sensor circuit; and

a memory for storing information of the external device,

wherein data is held in the memory when not powered,

wherein the memory is a circuit storing the signal from the external device that

is detected in the signal detection circuit, and

wherein the data processing device turns on the second switch in response to a

signal from the signal detection circuit or the human sensor circuit.

1 . The power supply control device according to claim 8, wherein a rectifier

circuit, an AC/DC converter, and a DC/DC converter are provided between the second

switch and the data processing device.

12. The power supply control device according to claim 11, wherein the data

processing device turns off the second switch and performs control so as to stop

operation of the AC/DC converter and operation of the DC/DC converter in the period

in which data is stored in the second memory unit.

13. The power supply control device according to claim 11,

wherein a capacitor is electrically connected to a wiring positioned between the

DC/DC converter and the data processing device,

wherein the data processing device includes a voltage monitor circuit detecting

a potential of the wiring to which the capacitor is connected, and

wherein the voltage monitor circuit turns on the second switch depending on a



potential which the voltage monitor circuit detects.

14. The power supply control device according to claim 8, wherein the second

memory unit includes a circuit that holds the data by holding electrical charge using a

transistor including an oxide semiconductor layer.

15. A power supply control device comprising:

a data processing device including a memory unit;

a memory for storing information of an external device;

a first switch supplying power to the external device in response to control by

the data processing device; and

a second switch supplying power to the data processing device in response to

control by the data processing device,

wherein the memory includes a circuit that holds data by holding electrical

charge using a transistor including an oxide semiconductor layer,

wherein data is held in the memory when not powered,

wherein the memory is configured to store a signal from the external device,

wherein the data processing device is configured to control the first switch in

accordance with a status of use of the external device, and

wherein the data processing device turns on the second switch in a period in

which data is stored in the memory unit.

16. The power supply control device according claim 15, further comprising a

timer circuit,

wherein the data processing device turns on the second switch in response to a

signal from the timer circuit.

17. The power supply control device according to claim 15, further comprising:

a signal detection circuit detecting the signal from the external device; and

a human sensor circuit,

wherein the data processing device turns on the second switch in response to a

signal from the signal detection circuit or the human sensor circuit.



18. The power supply control device according to claim 15, wherein a rectifier

circuit, an AC/DC converter, and a DC/DC converter are provided between the second

switch and the data processing device.

19. The power supply control device according to claim 18, wherein the data

processing device turns off the second switch and performs control so as to stop

operation of the AC/DC converter and operation of the DC/DC converter in the period

in which data is not stored in the memory unit.

20. The power supply control device according to claim 8,

wherein a capacitor is electrically connected to a wiring positioned between the

DC/DC converter and the data processing device,

wherein the data processing device includes a voltage monitor circuit detecting

a potential of the wiring to which the capacitor is connected, and

wherein the voltage monitor circuit turns on the second switch depending on a

potential which the voltage monitor circuit detects.
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