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(57) ABSTRACT 
A power supply unit is arranged between a CPU and a power 
supply device for supplying power to the CPU. Information 
necessary in proceeding with a program is evacuated from the 
CPU to an information holding unit. When a power shutdown 
factor is generated, a power Supply control unit outputs a 
shutdown request signal to the CPU. The CPU, upon receiv 
ing the shutdown request signal, activates a power shutdown 
microprogram, evacuates the information necessary in pro 
ceeding with the program to the information holding unit, and 
outputs an evacuation completed signal to the power Supply 
control unit after the evacuation is completed. Upon receiving 
the evacuation completed signal, the power Supply control 
unit outputs a power shutdown control signal to the power 
Supply unit. Upon receiving the power shutdown control sig 
nal from the power Supply control unit, the power Supply unit 
shuts down power supply to the CPU. 

31 Claims, 24 Drawing Sheets 
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MCROCONTROLLER FOR CONTROLLING 
POWER SHUTDOWN PROCESS 

RELATED APPLICATION 

This application claims foreign priority of Japanese Patent 
Application No. 2006-246454 filed on Sep.12, 2006 under 35 
U.S.C. S 119. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to microcontrollers, and in 

particular, to a technique of suppressing current consumption 
in time of stand-by in a power shutdown mode in which a 
program can proceed. This technique is also applicable to a 
communication device and a recording device. 

2. Description of the Related Art 
A general microcontroller has a stop mode for stopping 

Supply of a operation clock and reducing current consump 
tion as a standby mode, which is one of the operation modes. 
In the stop mode, start-up etc. of the Software does not need to 
be performed since the internal state is maintained, and high 
speed restoration from the standby state is possible. However, 
as circuits are being configured with microscopic transistors 
due to advancement in recent semiconductor manufacturing 
techniques, the OFF current (leakage current) of the transistor 
is in great amount, and the current consumption even in the 
stop mode tends to be large. 
The current consumption caused by leakage current is 

made to Substantially Zero in a method of shutting down 
power to suppress the current consumption. In this case, since 
the internal state of the microcontroller is destroyed due to 
power shutdown, the initialization program must be executed 
from the reset process in order to initialize the inside. How 
ever, if such process is executed, the initial setting of the 
microcontroller and the start-up of the operating system are 
performed, whereby the time required for restoration 
becomes longer. 
A power shutdown mode for allowing a program to pro 

ceed was thus developed. Related arts include a technique in 
which a standby control circuit is arranged proposed in a 
Japanese Laid-Open Patent Publication (Japanese Laid-Open 
Patent Publication No. 2005-11166). This technique per 
forms a control to continue power Supply to an information 
holding circuit for holding the value of a register contained in 
a peripheral circuit module when shutting downpower Supply 
to a CPU (Central Processing Unit) and the peripheral circuit 
module. In Such control, when an interrupt request is notified 
from outside the device, the power supply to the CPU and the 
peripheral circuit module is resumed, and the evacuated infor 
mation is restored to the CPU and the peripheral circuit mod 
ule. Returning again to the execution of the program, an 
interrupt processing corresponding to the interrupt request is 
performed. According to Such a configuration, the reduction 
in standby current by power shutdown and high-speed resto 
ration from standby by interrupt both can be obtained. 

In the technique of the standby control circuit, after pro 
hibiting interruption, the value of the register to be necessary 
in the software is evacuated, and the power is shutdown while 
prohibiting interruption. This process is performed because 
there is a possibility that the evacuated register value may 
change before the power shutdown if interrupt is accepted 
before the power shutdown. 

However, in the technique of the standby control circuit, if 
the power supply is shutdown with the interruption for resto 
ration occurring while prohibiting interruption, 
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2 
restoration may not be possible unless interrupt reoccurs, 
the interrupt processing is performed after executing the 

power shutdown process and the power Supply process, 
and the delay time from the occurrence of interrupt until 
the execution of the actual process becomes long, and 

the temporal anteroposterior relationship of the power Sup 
ply process and the interrupt processing may reverse. 

Furthermore, in the technique of the standby control cir 
cuit, the backup register and the register to be evacuated are 
directly connected by way of a logic circuit as the information 
holding means. 

However, 
the backup registers of the number equivalent to the num 

ber of registers to be evacuated are necessary; and 
wirings double the number of registers to be evacuated are 

necessary. 
Since the wiring is the portion connecting the portion of 

shutting down power and the portion of continuously Supply 
ing the power, a logic circuit for preventing unnecessary 
current from flowing and a logic circuit for preventing 
destruction of information are required, whereby the circuit 
scale is increased. 

SUMMARY OF THE INVENTION 

Therefore, it is a main object of the present invention to 
provide a microcontroller capable of easily and rapidly 
evacuating and restoring information necessary in proceed 
ing with a program when realizing a standby state in which 
internal operation Voltage Supply is shutdown, a state in 
which an internal operation Voltage is lowered, or the like. 

(1) A microcontroller according to the present invention 
includes: 

a CPU; 
a power supply device for supplying power to the CPU: 
a power supply unit arranged between the CPU and the 

power Supply device; 
a power supply control unit for controlling the CPU and the 

power Supply unit; and 
an information holding unit for holding information evacu 

ated from the CPU, the information necessary in proceeding 
with a program; wherein 

the power Supply control unit outputs a shutdown request 
signal to the CPU in response to generation of a power shut 
down factor, 

the CPU, upon receiving the shutdown request signal, acti 
Vates a power shutdown microprogram, evacuates the infor 
mation necessary in proceeding with the program to the infor 
mation holding unit, and outputs an evacuation completed 
signal to the power Supply control unit after evacuation is 
completed, 

the power Supply control unit, upon receiving the evacua 
tion completed signal, outputs a power shutdown control 
signal to the power Supply unit, and 

the power supply unit shuts down power supply to the CPU 
upon receiving the power shutdown control signal from the 
power Supply control unit. 

In the present invention, when the power shutdown factor is 
generated, the power Supply control unit outputs the shut 
down request signal to the CPU. The CPU, upon receiving the 
shutdown request signal activates the power shutdown micro 
program. The power shutdown microprogram evacuates the 
information necessary in proceeding with the program to the 
information holding unit, and then outputs the evacuation 
completed signal to the power Supply control unit. The power 
Supply control unit, upon receiving the evacuation completed 
signal outputs the power shutdown control signal to the power 
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Supply unit, and the power Supply unit in turn, shuts down 
power supply to the CPU. However, the power supply unit 
continues to Supply power to the information holding unit. 
Thus, the CPU will be in a stopped state and the current 
consumption will be suppressed. The information necessary 
in proceeding with the program will also be held. 
The power shutdown microprogram continuously executes 

evacuation of the information necessary in proceeding with 
the program and the power shutdown process, and thus no 
interrupt processing will be activated between the informa 
tion evacuating process and the power shutdown process. 
Thus, the information necessary in proceeding with the pro 
gram to be evacuated is prevented from being changed before 
the power shutdown. Furthermore, the interrupt does not need 
to be prohibited before the information evacuation or the 
power shutdown process. Accordingly, the power shutdown 
process in an interrupt permitted State, and acceptance of 
interrupt processing before the power shutdown can be 
executed. Since the evacuation of the information is executed 
by the microprogram, the data can be evacuated using exist 
ing wirings of the microcontroller, and increase in the number 
of logic circuits and wirings dedicated for evacuating infor 
mation is Suppressed to a minimum. 

(2) The microcontroller according to the present invention 
has an aspect of further including a clock generator, wherein 

the power Supply control unit, upon receiving the evacua 
tion completed signal outputs a clock stop control signal to 
the clock generator. 

In this aspect, the power shutdown microprogram stops the 
operation of the clock generator after evacuation of the infor 
mation necessary in proceeding with the program and the 
power shutdown process are completed, and thus current 
consumption in the peripheral circuit module that operates in 
response to the clock Supply from the clock generator is 
Suppressed. 

(3) The microcontroller according to the present invention 
has an aspect where the power Supply control unit outputs a 
power Supply control signal to the power Supply unit in 
response to generation of a power Supply restoration factor, 

the power Supply unit, upon receiving the power Supply 
control signal, starts to supply power to the CPU: 

the power Supply control unit outputs a restoration request 
signal to the CPU and outputs a clock Supply control signal to 
the clock generator when a Supplied power Supply Voltage is 
stabilized; 

the clock generator, upon receiving the clock Supply con 
trol signal, restarts to Supply an operation clock; and 

the CPU, upon receiving the restoration request signal, 
activates a power Supply restoration microprogram, restores 
the information necessary in proceeding with the program 
and evacuated in the information holding unit in time of 
power shutdown, and ultimately branches processes to 
addresses indicated by a program counter to change from a 
shutdown state to a program execution state and proceed with 
the program. 

In this aspect, when the power Supply restoration factor is 
generated in the state of shutting down power Supply to the 
CPU and in the state of stopping clock supply by the clock 
generator, the power Supply control unit outputs the power 
Supply control signal to the power Supply unit. The power 
Supply unit, upon receiving the power Supply control signal, 
starts to supply power to the CPU. When the power supply 
Voltage to be supplied is stabilized, the power Supply control 
unit outputs the restoration request signal to the CPU and also 
outputs the clock Supply control signal to the clock generator. 
In response to Such signals, the clock generator restarts to 
supply the operation clock, and the CPU activates the power 
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4 
Supply restoration microprogram. The power Supply restora 
tion microprogram restores the information necessary in pro 
ceeding with the program and evacuated in the information 
holding unit to the CPU, and then branches the processes to 
the addresses indicated by the program counter to continue 
the program execution from the shutdown state. Therefore, 
according to Such a configuration, restoration of the evacu 
ated information necessary in proceeding with the program is 
easily and conveniently achieved. 

(4) The microcontroller according to the present invention 
includes: 

a CPU; 
a power supply device for supplying power to the CPU: 
a power supply unit arranged between the CPU and the 

power Supply device; 
a power supply control unit for controlling the CPU and the 

power Supply unit; and 
an information holding unit for holding information evacu 

ated from the CPU, the information necessary in proceeding 
with a program; wherein 

the power Supply control unit outputs a shutdown request 
signal to the CPU in response to generation of a power shut 
down factor, 

the CPU, upon receiving the shutdown request signal, acti 
Vates a power shutdown microprogram, evacuates the infor 
mation necessary in proceeding with the program to the infor 
mation holding unit, and outputs an evacuation completed 
signal to the power Supply control unit after evacuation is 
completed, 

the power Supply control unit, upon receiving generation of 
a power Supply restoration factor after receiving the evacua 
tion completed signal, outputs a restoration request signal to 
the CPU, and 

the CPU, upon receiving the restoration request signal, 
activates a power Supply restoration microprogram of not 
restoring the evacuated information, and continues program 
execution. 

In this aspect, since interrupt prohibition is not performed 
in the execution of the power shutdown microprogram, the 
activation of the power Supply restoration microprogram for 
not restoring the evacuated information can be performed 
based on the generation of the power Supply restoration fac 
tor. When the power supply restoration factor is generated 
before the power supply is shutdown after activating the 
power shutdown microprogram, the power Supply restoration 
microprogram for not restoring the evacuated information is 
activated. In this case, restoration is performed at high speed 
since the evacuated information is not restored. 

(5) The microcontroller according to the present invention 
has an aspect where the clock generator selects one of opera 
tion performed after stopping Supply of an operation clock 
and operation stop performed without stopping the Supply of 
the operation clock as operation to be performed upon receiv 
ing the clock stop control signal from the power Supply con 
trol unit. 

In Such a configuration, the operation according to user 
preference can be set by mode selection. In the case of a mode 
in which the Supply of the operation clock is not stopped, 
restoration can be carried out at an arbitrary time by moving 
a counter of a timer or in any other methods. 

(6) The microcontroller according to the present invention 
has an aspect where the power Supply control unit limits a 
period in which shutdown is possible. In this aspect, a shut 
down possible period is set in the register in the power control 
unit, where the power shutdown factor is accepted if within 
the period, and not accepted if outside the period. Thus, the 
operation mode is diversified. 
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(7) The microcontroller according to the present invention 
has an aspect where the power shutdown microprogram 
evacuates the information necessary in proceeding with the 
program to a stack region in the information holding unit and 
then evacuates to a specific place only a value of a stack 
pointer for pointing to an evacuation place. The information 
necessary in proceeding with the program includes a program 
counter, processor status word, stack pointer, and the like. 

In this aspect, most of the information necessary in pro 
ceeding with the program is evacuated to the stack region in 
the information holding unit, and only the value of the stack 
pointer for pointing to the evacuation place is evacuated to a 
specific region, and thus a dedicated logic necessary for Such 
an aspect is made to a minimum configuration. 

(8) The microcontroller according to the present invention 
has an aspect where the power Supply restoration factor uses 
an interrupt system of the microcontroller. In this aspect, the 
circuit does not need to be additionally formed. 

(9) The microcontroller according to the present invention 
has an aspect where the state of the power shutdown factor 
includes a state where it is provided from an external terminal 
and a state where it is provided by a command, and it is 
possible to select a configuration corresponding to either one 
or both of the states. In this aspect, the microcontroller can be 
more universally applied. 

(10) The microcontroller according to the present inven 
tion has an aspect where, 

the power Supply restoration microprogram includes: 
a microprogram for restoring the evacuated information 

necessary in proceeding with the program and proceed 
ing with the program; 

a microprogram for restoring a set value without using the 
evacuated information necessary in proceeding with the 
program; and 

a program for resetting processes, and 
the CPU selects one of the plurality of microprograms in an 

alternative way. In this aspect, the application range can be 
extended by broadening the options. 

(11) The microcontroller according to the present inven 
tion has an aspect of activating one of the power shutdown 
microprogram and the power Supply restoration micropro 
gram selected in an alternative way, according to the gener 
ated power shutdown factor or a type of the selected power 
shutdown factor. 
The present invention enables the number of information 

necessary in proceeding with the program to be changed. This 
aspect focuses on Such capability. Thus, an efficient applica 
tion system can be built by executing the microprogram 
respectively corresponding to the number of information nec 
essary in proceeding with the program. 

(12) The microcontroller according to the present inven 
tion has an aspect where the power Supply device sets a period 
for shutting down power Supply according to one or a plural 
ity of peripheral circuit modules, and the power shutdown 
period in the power Supply device is set so that power shut 
down is not carried out in a period necessary for power Supply 
restoration and power shutdown is carried out in a period not 
necessary for the power Supply restoration. According to Such 
an aspect, the current consumption is further reduced. 

(13) The microcontroller according to the present inven 
tion has an aspect of further including a debugger for con 
stantly monitoring a register in the CPU; wherein 

data other than data monitored by the debugger is evacu 
ated in the information holding unit in time of power shut 
down. 

According to such an aspect, since the debugger is con 
stantly monitoring the register in the CPU, the information to 
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6 
be evacuated from the CPU to the information holding unit in 
time of power shutdown reduces, and the speed of executing 
the power shutdown increases. 

(14) The microcontroller according to the present inven 
tion has an aspect of further including a second power Supply 
unit for lowering a Voltage to be supplied to a circuit portion 
outside a power shutdown range to a lower limit Voltage for 
information holding when the power shutdown factor is gen 
erated. 

In this aspect, power is saved by lowering the leakage 
current in the information holding unit and other logic circuits 
outside the power shutdown range. 

(15) The microcontroller according to the present inven 
tion has an aspect of further including a circuit for loading an 
inverted value to a register in a circuit portion in a power 
shutdown range. 

In this aspect, a test can be realized with the same condi 
tions as in shutdown with the power turned ON when per 
forming the test of the power shutdown. Thus, the test time is 
reduced. 

(16) With regard to the microcontroller according to the 
present invention, a communication device is configured by 

the microcontroller; 
an input unit for accepting an instruction to be externally 

input; and 
a signal transmitting unit for transmitting a signal to other 

equipment by infrared light; wherein 
a power shutdown process is executed when no input is 

made to the input unit for a constant time, and then a power 
Supply restoration process is executed when an input is made 
to the input device. 

In Such a communication device, the mode changes to the 
power shutdown mode if input operation is not made for a 
constant time, and changes to the power Supply restoration 
mode when input operation is made with Such input operation 
as the restoration factor. Thus, significant power reduction 
can be expected, and advantages are provided in particular, in 
a long time drive of a battery driven communication device. 

(17) With regard to the microcontroller according to the 
present invention, a recording device is configured by 
a DVD recorder LSI including the microcontroller, an image 
processing DSP, and a storage circuit; and 

an optical disc controller LSI including a DSP servo; 
wherein 

a timer interrupt is generated to the power Supply control 
unit at every constant time, the current time and the time a 
constant time before a recording programmed time are com 
pared, and a power Supply restoration process is performed, 
when comparison result shows that the two match, in order for 
the microcontroller to change to a recording processable 
State. 

In Sucha recording device, significant reduction in power is 
achieved by setting to the power shutdown mode instead of 
the standby mode, which is normally set, when operation is 
not made before the recording programmed time. 

According to the present invention, evacuation of the infor 
mation necessary in proceeding with the program and the 
power shutdown process are continuously executed using the 
power shutdown microprogram, and thus the interrupt pro 
cessing does not need to be activated between the evacuation 
of the information and the power shutdown process, and the 
information necessary in proceeding with the program to be 
evacuated is prevented from changing before the power shut 
down. Thus, high speed register evacuation and restoration 
are easily and efficiently realized. Since the evacuation of the 
information is executed by the microprogram, evacuation can 
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be carried out using existing wirings, and increase in the 
number of logic circuits and wirings dedicated for evacuation 
of information is Suppressed. 

In the present invention, the power shutdown mode in 
which the program can proceed is realized when realizing a 
standby state in which the internal operation Voltage Supply is 
shutdown or in a state the internal operation Voltage is low 
ered. Thus, the present invention is useful as a microcontroller 
capable of evacuating and restoring the information neces 
sary in proceeding with the program easily and at high speed. 
The present invention is also useful in the communication 
device and the recording device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 
thereof, may best be understood by reference to the following 
description of the presently preferred embodiment, and are 
defined in the attached Claims. A great number of benefits not 
mentioned in the specification should be apparent to those 
skilled in the art by performing the present invention. 

FIG. 1 is a block diagram showing a configuration of a 
microcontroller according to a first embodiment of the 
present invention; 

FIG. 2 is a flowchart showing the operation in a power 
shutdown process of the microcontroller according to the first 
embodiment of the present invention; 

FIG. 3 is a timing chart showing the operation of a power 
shutdown process of the microcontroller according to the first 
embodiment of the present invention; 

FIG. 4 is a flowchart showing the operation of a power 
supply restoration process of the microcontroller according to 
the first embodiment of the present invention; 

FIG. 5 is a flowchart showing the operation performed 
when a restoration factor is generated in the middle of the 
power shutdown process of the microcontroller according to 
the first embodiment of the present invention; 

FIG. 6 is a block diagram showing a configuration of a 
microcontroller according to a second embodiment of the 
present invention; 

FIG. 7 is a timing chart showing the operation in a power 
shutdown process of the microcontroller according to the 
second embodiment of the present invention; 

FIG. 8 is a block diagram showing a configuration of a 
microcontroller according to a variant of the second embodi 
ment of the present invention; 

FIG. 9 is a block diagram showing a configuration of a 
microcontroller according to a third embodiment of the 
present invention; 

FIG. 10 is a block diagram showing a configuration of a 
microcontroller according to a fourth embodiment of the 
present invention; 

FIG. 11 is a flowchart showing the operation of a power 
shutdown process of the microcontroller according to the 
fourth embodiment of the present invention; 

FIG. 12 is a flowchart showing the operation of a power 
Supply restoration process of the microcontroller according to 
the fourth embodiment of the present invention; 

FIG. 13 is a block diagram showing a configuration of a 
microcontroller according to a fifth embodiment of the 
present invention; 

FIG. 14 is a block diagram showing a configuration of a 
microcontroller according to a sixth embodiment of the 
present invention; 

FIG. 15 is a block diagram showing detailed configuration 
of the inside of a CPU of the microcontroller according to the 
sixth embodiment of the present invention; 
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8 
FIG.16 is a timing chart showing the operation intest of the 

microcontroller according to the sixth embodiment of the 
present invention; 

FIG. 17 is a flowchart showing the operation in test of the 
microcontroller according to the sixth embodiment of the 
present invention; 

FIG. 18 is a schematic view of a communication device 
according to a seventh embodiment of the present invention; 

FIG. 19 is a block diagram showing a configuration of a 
microcontroller according to the seventh embodiment of the 
present invention; 

FIG. 20 is a flowchart showing the operation of the power 
shutdown process of the microcontroller according to the 
seventh embodiment of the present invention; 

FIG. 21 is a flowchart showing the operation of the power 
Supply restoration process of the microcontroller according to 
the seventh embodiment of the present invention; 

FIG. 22 is a system configuration view of a recording 
device according to an eighth embodiment of the present 
invention; 

FIG. 23 is a block diagram showing a configuration of a 
microcontroller according to an eighth embodiment of the 
present invention; and 

FIG. 24 is a flowchart showing the operation of the power 
Supply restoration process of the microcontroller according to 
the eighth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of a microcontroller according to the present 
invention will now be described in detail with reference to the 
drawings. 

First Embodiment 

In the first embodiment of the present invention, the present 
invention is applied to a configuration in which a power 
shutdown factor is provided from an external terminal. FIG.1 
is a block diagram showing a microcontroller A. The micro 
controller A includes a CPU 1, a power supply control unit 2. 
a clock generator 3, an information holding unit (built-in 
RAM) 4, a power supply unit 5, an internal bus 6, and periph 
eral circuits (not shown) such as a timer circuit and serial 
interface. Power is externally supplied to the microcontroller 
A. The power supply unit 5 is arranged between the power 
supply B and the CPU 1, and has a function of performing a 
control so that the voltage to be supplied to the CPU 1 is 
constant and a function of controlling Supply/shutdown of 
power to the CPU 1 in response to a power supply/power 
shutdown control signal S4 from the power Supply control 
unit 2. The power supply control unit 5 is configured by a 
general Voltage regulator. The clock generator 3 Supplies or 
stops an operation clock in response to a clock Supply/clock 
stop control signal S3 from the power Supply unit 2. 
The power Supply control unit 2 outputs a shutdown 

request signal S1 to the CPU 1 in response to the generation 
of a power shutdown factor F1 provided from the external 
terminal. Upon receiving the shutdown request signal S1 
from the power supply control unit 2, the CPU 1 activates a 
power shutdown microprogram uP1 and evacuates the infor 
mation (program counter PC, processor status word PSW. 
stack pointer SP etc.) necessary in proceeding with the pro 
gram to the information holding unit 4 via the internal bus 6. 
and outputs an evacuation completed signal S2 to the power 
Supply control unit 2 after evacuation is completed. Upon 
receiving the evacuation completed signal S2 from the CPU 
1, the power Supply control unit 2 outputs a clock stop control 
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signal S3 to the clock generator 3, and at the same time, 
outputs a power shutdown control signal S4 to the power 
supply unit 5. The power supply unit 5 shuts down power to be 
supplied to the CPU 1 upon receiving the power shutdown 
control signal S4 from the power Supply control unit 2. 
The power Supply control unit 2 outputs the power Supply 

control signal S4 to the power Supply unit 5 in response to the 
generation of a power Supply restoration factor F2 provided 
from the external terminal. Upon receiving the power Supply 
control signal S4 from the power Supply control unit 2, the 
power supply unit 5 starts to supply power to the CPU 1. The 
power Supply control unit 2 outputs a restoration request 
signal S5 to the CPU 1 and also outputs the clock supply 
control signal S3 to the clock generator 3 when power Supply 
voltage supplied to the CPU 1 is stabilized. Upon receiving 
the clock Supply control signal S3 from the power Supply 
control unit 2, the clock generator 3 restarts to supply the 
operation clock. Upon receiving the restoration request signal 
S5 from the power supply control unit 2, the CPU 1 activates 
a power Supply restoration microprogram LP2, and restores 
the information necessary in proceeding with the program 
that had been evacuated to the information holding unit 4 in 
time of power shutdown to the CPU 1 via the internal bus 6, 
and furthermore, branches the processes to the addresses 
indicated by the program counter to change from the shut 
down state to the program execution state, and proceeds with 
the program. 

The power shutdown factor F1 includes overflow interrupt 
of the register and the timer, and Such power shutdown factor 
F1 is provided from outside the power supply control unit 2. 
The power supply restoration factor F2 includes external 
interrupt, serial communication interrupt, overflow interrupt 
of the timer, and the like, and any one of such can be selected. 
The operation of the power shutdown process of the micro 

controller A of the present embodiment configured as 
described above will now be described according to the flow 
chart of FIG. 2 and the timing chart of FIG. 3. 

First, in step n1, the power shutdown factor F1 is generated, 
which is then input from the external terminal to the power 
Supply control unit 2, and the power Supply control unit 2 
outputs the shutdown request signal S1 to the CPU 1. 
The CPU 1 upon receiving the shutdown request signal S1 

from the power Supply control unit 2, activates the power 
shutdown microprogram uP1 in step n2 after terminating the 
normal command execution. The microprogram herein refers 
to the control program for controlling internal Sources of the 
CPU 1 in order to execute command, interrupt processing, 
and the like. 
The power shutdown microprogram uP1 evacuates the 

information (PC, PSW. SP, etc.) necessary in proceeding with 
the program to the information holding unit 4 or the register 
via the internal bus 6 in step n3, and lastly outputs the evacu 
ation completed signal S2 to the power Supply control unit 2. 
The power Supply control unit 2, upon receiving the evacu 

ation completed signal S2, outputs the clock stop control 
signal S3 to the clock generator 3, and also outputs the power 
shutdown control signal S4 to the power supply unit 5 in step 
n4. 
The power Supply unit 5, upon receiving the power shut 

down control signal S4, shuts down power supply to the CPU 
1 in step n5. The power shutdown of the CPU 1 is thereby 
completed. 
The operation of restoring from power shutdown will now 

be described according to the flowchart of FIG. 4. First, in 
step n11, the power Supply restoration factor F2 is generated, 
which is then input from the external terminal to the power 
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10 
Supply control unit 2, and the power Supply control unit 2 
outputs the power Supply control signal S4 to the power 
supply unit 5. 
The power Supply unit 5, upon receiving the power Supply 

control signal S4, starts to supply power to the CPU 1 in the 
next step n12. When the power supply voltage stabilizes due 
to functions of a power Supply Voltage monitoring circuit and 
stability waiting timer, and an oscillation waveform output by 
an oscillation circuit stabilizes as a result thereof, the power 
Supply control unit 2, upon detecting Such stability, outputs 
the clock Supply control signal S3 to the clock generator 3. 
Simultaneously, the power Supply control unit 2 outputs the 
restoration request signal S5 to the CPU 1. 

In step n13, the clock generator 3 restarts to supply the 
operation clock. In step n14, the CPU 1, upon receiving the 
restoration request signal S5, activates the power Supply res 
toration microprogram LP2. In step n15, the activated power 
Supply restoration microprogram uP2 restores the informa 
tion (PC, PSW. SP, etc.) necessary in proceeding with the 
program that had been evacuated in the information holding 
unit 4 in time of power shutdown to the CPU 1 via the internal 
bus 6. Lastly, in step n16, the power Supply restoration micro 
program uP2 branches the processes in the CPU 1 to the 
addresses indicated by the program counterPC. The state thus 
changes from the shutdown state to the program execution 
state, and the program proceeds. 
The operation performed when the power supply restora 

tion factor F2 is generated some time before the power shut 
down will now be described according to the flowchart of 
FIG. 5. The flow chart corresponds to a case in which the 
power supply restoration factor F2 is generated immediately 
after the information is evacuated by the power shutdown 
microprogram uP1. 

First, in response to the input of the power shutdown factor 
F1 to the power supply control unit 2, the power supply 
control unit 2 outputs the shutdown request signal S1 to the 
CPU 1 in step n21. The CPU 11 upon receiving the shutdown 
request signal S1, activates the power shutdown micropro 
gramuP1 in step n22. the activated microprogramuP1 evacu 
ates the information necessary in proceeding with the pro 
gram to the information holding unit 4 or the register via the 
internal bus 6 in step n23, and then outputs the evacuation 
completed signal S2 to the power supply control unit 2. When 
the power supply restoration factor F2 is input to the power 
Supply control unit 2, the power Supply control unit 2 outputs 
the restoration request signal S5 to the CPU 1 in step n24. The 
CPU 1, upon receiving the restoration request signal S5, 
activates the power Supply restoration microprogram uP2 
that does not restore the evacuated information in step n25. In 
step n26, the power Supply restoration microprogram uP2 
continues the program execution without restoring the evacu 
ated information. 

According to the present embodiment, the interrupt pro 
cessing will not be activated between the information evacu 
ating process and the power shutdown process by executing 
the process of evacuating the information necessary in pro 
ceeding with the program and the power shutdown process 
with a continuous microprogram. The value of the register, to 
which it is desired to be evacuated to, is prevented from being 
changed before the power shutdown. The power shutdown 
process can then be executed while permitting interrupt and 
the interrupt processing can be accepted before the power 
shutdown. Furthermore, since the evacuation of the informa 
tion is executed by the microprogram, the information evacu 
ating process can be performed using existing wirings of the 
microcontroller, whereby increase in the number of logic 
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circuits and wirings dedicated for evacuation of information 
can be suppressed to a minimum. 

Variants of the above embodiment are as follows. The 
clock generator 3 may be configured to select a mode of 
stopping the Supply of the operation clock or a mode of not 
stopping the Supply of the operation clock based on the setting 
in the register, signal, terminal, or the like as the operation 
upon receiving the clock stop control signal S3 from the 
power Supply control unit 2. In such a configuration, the 
operation according to user preference can be set based on 
mode selection. In the case of the mode of not stopping the 
Supply of the operation clock, restoration is carried out in an 
arbitrary time by moving the counter of the timer or in any 
other methods. 
The power Supply control unit 2 may be configured to limit 

a shutdown possible period. The power supply control unit 2 
is provided with the power shutdown factor F1 from the 
external terminal, but the shutdown possible period may be 
set in the register to accept the power shutdown factor F1 if 
within the period an enable is set and to not accept the factor 
if outside the period the enable is set. According to Such a 
configuration, the operation mode is diversified. 
The power shutdown microprogram LP1 may be config 

ured to evacuate the information (a program counter, proces 
Sor status word, stack pointer, etc.) necessary in proceeding 
with the program in a stack region in the information holding 
unit 4, and then evacuate only the value of the stack pointer for 
pointing to the evacuation place to a specific region. In Such a 
configuration, a dedicated logic becomes a minimum since 
only the value of the Stack pointer for pointing to the evacu 
ation place is evacuated to the specific region. 

Furthermore, if configured so as to use an interruption 
system of the microcontroller A as the power Supply restora 
tion factor F2, a circuit does not need to be additionally 
formed. 

Second Embodiment 

The power shutdown factor is provided from the external 
terminal in the first embodiment described above, whereas in 
the second embodiment, the present invention is applied to a 
configuration in which the power shutdown factor is provided 
by a command. FIG. 6 is a block diagram showing a configu 
ration of a microcontroller according to the second embodi 
ment of the present invention. In this configuration, the power 
shutdown factor F1 is generated inside the CPU 1 instead of 
the power Supply control unit 2. The power Supply control 
unit 2 does not generate the shutdown request signal S1 and 
does not provide the signal to the CPU 1. Other configurations 
are the same as FIG. 1 for the first embodiment, and thus the 
description thereof will be omitted. FIG. 7 is a timing chart 
showing the operation in the power shutdown process of the 
microcontroller of the second embodiment. In the timing 
chart, the power shutdown factor F1 and the shutdown request 
signal S1 shown in FIG.3 are not illustrated. 
The operation of the microcontroller according to the 

present embodiment configured as described above will now 
be described. First, the operation of power shutdown will be 
described. The flowchart of the power shutdown process is the 
same as FIG. 2 for the first embodiment. When a power 
shutdown command corresponding to the power shutdown 
factor F1 defined in advance in the CPU is decoded in the 
CPU 1, the CPU 1 activates the power shutdown micropro 
gram uP1, and evacuates the information necessary in pro 
ceeding with the program to the information holding unit 4 or 
the register. After performing the above processes, the CPU 1 
ultimately outputs the evacuation completed signal S2 to the 
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power Supply control unit 2. The power Supply control unit 2. 
upon receiving the evacuation completed signal S2, outputs 
the clock stop control signal S3 to the clock generator 3, and 
at the same time, outputs the power shutdown control signal 
S4 to the power supply unit 5. The power supply unit 5, upon 
receiving the power shutdown control signal S4, shuts down 
power supply to the CPU 1. The power shutdown of the CPU 
1 is thereby completed. The operation of restoring from the 
power shutdown is the same as the first embodiment, and thus 
the description thereof will be omitted. 

According to the present embodiment, power shutdown is 
readily performed by software by having the power shutdown 
command as the power shutdown factor F1. As shown in FIG. 
8, a state in which the power shutdown factor F1 is provided 
from the external terminal and a state in which the power 
shutdown factor F1 is provided by a command may both be 
prepared, so that either one or both methods can be selected in 
the register, the terminal, or the like. The microcontroller can 
be more universally applied in Such a configuration. 

In restoring the power Supply, a plurality of types of power 
Supply restoration microprogram uP2 to be executed Such as, 

(a) microprogram for restoring the evacuated information 
necessary in proceeding with the program, and proceeding 
with the program, 

(b) microprogram for jumping to a specific address and 
running a dedicated initialization and a restoration applica 
tion program to restore the set value without using the evacu 
ated information, and 

(c) microprogram for resetting, may be prepared to be 
selected by the register, signal, terminal, or the like. 

Furthermore, the power shutdown microprogram uP1 and 
the power Supply restoration microprogram LP2 may be 
selectively activated, according to the generated power shut 
down factor F1 or a type of the selected power shutdown 
factor F1. In this configuration, since the number of informa 
tion necessary in proceeding with the program changes, an 
efficient application system can be built by executing the 
microprogram corresponding thereto. 

Third Embodiment 

FIG. 9 is a block diagram showing a configuration of a 
microcontroller according to a third embodiment of the 
present invention. In FIG.9, the same reference characters as 
in FIG. 1 for the first embodiment are denoted for the same 
components. In FIG. 9, reference number 7 is a serial inter 
face, 8 is a timer, 9 is a first switching circuit for ON/OFF 
controlling the power supply to the serial interface 7, and 10 
is a second switching circuit for ON/OFF controlling the 
power supply to the timer 8. The first switching circuit 9 
performs a Switch of whether to Supply or shutdown, on a 
steady basis, the internal operation power received from the 
power supply B to the serial interface 7. The second switching 
circuit 10 performs a switch of whether to supply or shut 
down, on a steady basis, the internal operation power received 
from the power supply B to the timer 8. The first switching 
circuit 9 and the second switching circuit 10 are configured by 
a general analog Switch or a Voltage regulator. The serial 
interface 7 outputs a signal S6 that is to become the power 
Supply restoration factor F2 to the power Supply control unit 
2. The timer 8 outputs a signal S7 that is to become the power 
Supply restoration factor F2 to the power Supply control unit 
2. No restoration request signal S5 is made from the power 
supply control unit 2 to the CPU 1. Other configurations are 
the same as the first embodiment, and thus the description 
thereof will be omitted. 
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The operation of the microcontroller A according to the 
present embodiment configured as described above will now 
be described. When a mode in which the first switching circuit 
9 is switched to the ON state to supply the internal operation 
power is set in the microcontroller A, the internal operation 
power is constantly supplied to the serial interface 7 even in 
time of power shutdown. The serial communication thus 
becomes possible. Here, the power supply restoration factor 
F2 in step nil of FIG. 4 becomes, 

interrupt when the serial interface 7 receives information of 
one frame, 

rise in slave clock of the serial interface 7, etc. 
Therefore, when restoring with the slave clock of the serial 

interface 7, the power is selectively supplied to a shift buffer 
unit and awake-up circuit of the serial interface 7, and power 
Supply to other sections is shutdown. 
When setting to a mode in which the second switching 

circuit 10 is switched to the ON state to supply the internal 
operation power, the internal operation power is constantly 
supplied to the timer 8 even in time of power shutdown. Thus, 
the power shutdown process is performed only for a specific 
time by generating interrupt every set constant time. 

In a recording device, for example, a mechanism in which 
the microcontroller for system control generates the interrupt 
a few dozen seconds before the recording time to restore the 
power Supply is used, where Such interrupt can be used as the 
power supply restoration factor F2 in the present embodi 
ment. When restoring with the timer 8, power is selectively 
Supplied to the clock timer, the clock oscillating circuit, and 
the wake-up circuit, and power Supply to other sections is 
shutdown. The standby power thus is greatly reduced. 

Fourth Embodiment 

FIG. 10 is a block diagram showing a configuration of a 
microcontroller according to a fourth embodiment of the 
present invention. An on-chip debugger (OCD) 11 for per 
forming control to debug the software is normally mounted 
on the microcontroller. The on-chip debugger 11 constantly 
monitors the register in the CPU 1, and includes a data hold 
ing circuit for holding the information on the internal opera 
tion of the CPU 1. The on-chip debugger 11 outputs the held 
information to the outside through a dedicated terminal to 
debug the microcontroller at outside the chip. The on-chip 
debugger 11 does not necessary require the evacuation com 
pleted signal S2 provided from the CPU 1 to the power supply 
control unit 2 unlike the configuration (FIG. 1) of the first 
embodiment. When the power supply voltage supplied to the 
CPU 1 stabilizes, the power supply control unit 2 outputs a 
data restoration request signal S8 to the on-chip debugger 11. 
Upon receiving a data restoration request signal S8, the on 
chip debugger 11 reads the data in time of power shutdown 
that had been evacuated to the data holding circuit incorpo 
rated in the on-chip debugger 11 itself, and restores the read 
data in time of power shutdown to the CPU 1 via the internal 
bus 6. 

The operation of the power shutdown process of the micro 
controller A of the present embodiment configured as 
described above will now be described according to the flow 
chart of FIG. 11. First, in step n31, the power shutdown factor 
F1 is generated, which power shutdown factor F1 is input to 
the power Supply control unit 2, and the power Supply control 
unit 2 outputs the clock stop control signal S3 to the clock 
generator 3 and at the same time outputs the power shutdown 
control signal S4 to the power Supply unit 5. The clock gen 
erator 3, upon receiving the clock stop control signal S3, stops 
the supply of the operation clock in step n32. The power 
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Supply unit 5, upon receiving the power shutdown control 
signal S4 shuts down power to the CPU 1 in step n33. The 
power shutdown of the CPU 1 is thereby completed. Since the 
register in the CPU 1 is constantly monitored by the on-chip 
debugger 11, the information evacuated from the CPU 1 to the 
information holding unit 4 in time of power shutdown 
becomes the data other than the monitored data, and thus the 
amount of data decreases. 
The operation of the power Supply restoration process of 

the microcontroller according to the present embodiment 
configured as described above will now be described accord 
ing to the flowchart of FIG. 12. In step n+1, the power supply 
restoration factor F2 is generated, and when the power Supply 
restoration factor F2 is input to the power supply control unit 
2, the power Supply control unit 2 outputs the power Supply 
control signal S4 to the power supply unit 5. In step n+2, the 
power Supply unit 5, upon receiving the power Supply control 
signal S4, starts to supply power to the CPU 1. When the 
Supplied power Supply Voltage stabilizes and the oscillation 
waveform output by the oscillation circuit stabilizes due to 
the power Supply Voltage monitoring circuit, stability waiting 
timer, and the like, the power Supply control unit 2, upon 
detecting such stabilization, outputs the clock Supply control 
signal S3 to the clock generator 3. At the same time, the power 
Supply control unit 2 outputs the data restoration request 
signal S8 to the on-chip debugger 11. In step n+3, the clock 
generator 3 restarts to Supply the operation clock. In step na4, 
the on-chip debugger 11, upon receiving the data restoration 
request signal S8, reads the data in time of power shutdown 
that had been evacuated to the data holding circuit incorpo 
rated in the on-chip debugger 11 itself and restores the read 
data in time of power shutdown to the CPU 1 via the internal 
bus 6. Lastly, the CPU 1 branches the executing process to the 
addresses shown by the program counter PC to change from 
the shutdown state to the program execution state and pro 
ceeds with the program. 

According to the present embodiment, since the on-chip 
debugger 11 is constantly monitoring the register in the CPU 
1, the information to be evacuated from the CPU 1 to the 
information holding unit 4 in time of power shutdown reduces 
and the speed of executing the power shutdown increases. 

Fifth Embodiment 

FIG. 13 is a block diagram showing a configuration of a 
microcontroller according to a fifth embodiment of the 
present invention. The present embodiment includes a second 
power Supply unit 12 separate from the first power Supply unit 
5. The second power supply unit 12 is arranged between the 
power Supply Band the power Supply control unit 2, between 
the power supply B and the clock generator 3, and between 
the power Supply B and the information holding unit 4. 
The second power Supply unit 12 has a function of 
making the Voltage to be supplied to the power Supply 

control unit 2, the clock generator 3, and the information 
holding unit 4 constant; and 

controlling the power to be Supplied to the power Supply 
control unit 2, the clock generator 3, and the information 
holding unit 4 upon receiving a power shutdown control 
signal S9 from the power supply control unit 2. 

The second power Supply unit 12 having Such functions is 
configured by a general Voltage regulator. Other configura 
tions are the same as FIG.1 for the first embodiment, and thus 
the description thereof will be omitted. 
The operation of the microcontroller according to the 

present embodiment configured as described above will now 
be described. When the power shutdown factor F1 is gener 
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ated, and the power Supply control unit 2 outputs a power 
shutdown control signal S9 to the second power supply unit 
12. The second power Supply unit 12, upon receiving the 
power shutdown control signal S9, lowers the internal opera 
tion power, and Supplies the lowered internal operation Volt 
age to the power Supply control unit 2, the clock generator 3. 
and the information holding unit 4. In the lowering control, 
the internal operation power is lowered to the lower limit 
voltage at which information can be held. 

According to the present embodiment, the leakage current 
in the information holding unit 4 and other logic circuits can 
be reduced and the power can be saved. 

Sixth Embodiment 

FIG. 14 is a block diagram showing a configuration of a 
microcontroller according to a sixth embodiment of the 
present invention. Reference number 13 is a gate circuit. After 
a test modesignal S10 and the power shutdown control signal 
S4 are input, the gate circuit 13 selects either of them in an 
alternative way and outputs the selected signal to the power 
supply unit 5. Other configurations are the same as the first 
embodiment, and thus the description thereof will be omitted. 

FIG. 15 shows an internal configuration of the CPU 1. In 
CPU 1, when the test mode signal S10 and a shutdown 
sequence signal S11 are respectively in an assert state, the 
output of the gate circuit 13 is asserted, and a selector 16 
selects an output of an exclusive OR gate 15 in place of 
normal data S12. The exclusive OR gate 15 takes the exclu 
sive OR of the evacuation completed signal S2 and the output 
signal S13 of an evacuation necessary register 17. That is, 
when the evacuation completed signal S2 is asserted in one 
shot pulse, the exclusive OR gate 15 inverts the output signal 
S13 from the evacuation necessary register 17, and outputs 
the same as inverted data S13 via the selector 16 and the 
evacuation necessary register 17. FIG. 16 shows a timing 
chart of the relevant process. 
The operation of a test process of the microcontroller 

according to the present embodiment configured as described 
above will now be described according to the timing chart of 
FIG. 16 and the flowchart of FIG. 17. 

First, in step n51, the CPU 1 issues the test modesignal S10 
through combination etc. of external inputs. When the test 
modesignal S10 is asserted, the gate circuit 13 invalidates the 
control signal S4 from the power supply control unit 2 to the 
power supply unit 5. The power supply unit 5 is invalidated 
even if the control signal S4 is asserted, and does not change 
to the power shutdown mode. When the power shutdown 
factor F1 is generated, the power Supply control unit 2 outputs 
the shutdown request signal S1 to the CPU 1 in step n52. After 
terminating the normal command execution, the CPU 1, upon 
receiving the shutdown request signal S1, activates the power 
shutdown microprogram uP1 in step n53. In step n54, the 
activated power shutdown microprogram uP1 evacuates the 
information necessary in proceeding with the program to the 
information holding unit 4 or the register, and outputs the 
evacuation completed signal S2 to the power Supply control 
unit 2. In step n55, the power supply control unit 2, upon 
receiving the evacuation competed signal S2, outputs the 
clock stop control signal S3 to the clock generator 3. The 
clock generator 3, upon receiving the clock stop control sig 
nal S3, stops the supply of the operation clock. In step n56, the 
CPU 1 overwrites the inverted data S13 to pseudo-realize the 
relevant state to obtain the power shutdown state. 

According to the present embodiment, the CPU 1 pseudo 
realizes power shutdown by providing the inverted data S13, 
so that the same conditions as in shutdown are achieved with 
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the power turned ON. Thus, the execution speed of various 
tests increases, and the test cost is Suppressed. When perform 
ing the test of power shutdown, the setting of power shut 
down/restoration requires a great amount of test hours on a 
tester, but the test hours can be reduced since the same con 
ditions as in shutdown are achieved with the power turned 
ON. 

Seventh Embodiment 

FIG. 18 is a schematic view of a communication device 
according to a seventh embodiment of the present invention, 
and FIG. 19 is a block diagram showing a configuration of a 
microcontroller according to the seventh embodiment. In the 
communication device, the key input signal by the key input 
of an input unit 21 is output to the microcontroller A, and in 
turn, the microcontroller A outputs data to a signal transmit 
ting unit 22 including an infrared light emitting diode. The 
signal transmitting unit 22 transfers the data to DVD and 
photodiodes of a television body by infrared light. The opera 
tion of the power shutdown process of the microcontroller A 
of the present embodiment configured as described above will 
now be described according to the flowchart of FIG. 20. 

First, in step né1, the microcontroller A determines 
whether or not the key input is performed on the input unit 21 
of the communication device. If key input is not detected in 
step né1, the microcontroller A starts count of the timer 8 in 
step né2. In step né3, the microcontroller Athen continues, 
for a constant time, the determination on whether or not the 
key input is performed on the input unit 21 of the communi 
cation device. If the key input is not detected even after the 
constant time has elapsed in step né2, the timer 8 outputs a 
power shutdown factor F3 to the power supply control 2 etc. 
in step né4. In response to the input of the power shutdown 
factor F3 to the power supply control unit 2, the power supply 
control unit 2 outputs the shutdown request signal S1 to the 
CPU 1. After terminating the normal command execution, the 
CPU 1, upon receiving the shutdown request signal S1, acti 
vates the power shutdown microprogram uP1 in step né5. In 
step né6, the CPU 1 evacuates the information necessary in 
proceeding with the program to the information holding unit 
4 or the register via the internal bus 6, and ultimately outputs 
the evacuation completed signal S2 to the power Supply con 
trol unit 2. The power Supply control unit 2, upon receiving 
the evacuation completed signal S2, outputs the clock stop 
control signal S3 to the clock generator and outputs the power 
shutdown control signal S4 to the power supply unit 5 in step 
nó7. The power supply unit 5, upon receiving the power 
shutdown control signal S4, shuts down power Supply to the 
CPU 1 and the timer 8 in step né8. The power shutdown of the 
CPU 1 is thereby completed. If recognized that the key input 
is performed on the input unit 21 of the control device in any 
one of step né1 to step né3, the CPU 1 changes to an infrared 
light transmission state in step né9. 
The operation of power supply restoration of the micro 

controller A of the present embodiment configured as 
described above will now be described according to the flow 
chart of FIG. 21. First, in step n71, the microcontroller A 
determines whether or not the key input is performed on the 
input unit 21 of the communication device. If recognized that 
the key input is performed on the input unit 21 in step n71, the 
microcontroller A assumes the key input from the input unit 
21 of the communication device as generation of the power 
Supply restoration factor in step n72 and outputs the power 
Supply restoration factor F2 to the power Supply control unit 
2. The power Supply control unit 2, upon receiving the power 
Supply restoration factor F2, outputs the power Supply control 
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signal S4 to the power supply unit 5. In step n73, the power 
Supply unit 5, upon receiving the power Supply control signal 
S4, starts to supply power to the CPU 1. The power supply 
control unit 2 determines whether or not the power supply 
voltage is stabilized and the oscillation waveform output by 
the oscillation circuit is stabilized by the operation of the 
power Supply Voltage monitoring circuit, stability waiting 
timer, or the like. When recognizing that the oscillation wave 
form is stabilized, the power supply control unit 2 outputs the 
clock supply control signal S3 to the clock generator 3. At the 
same time, the power Supply control unit 2 outputs the resto 
ration request signal S5 to the CPU 1. In step n74, the clock 
generator 3 restarts to supply the operation clock. The CPU 1, 
upon receiving the restoration request signal, activates the 
power supply restoration microprogram uP2 in step n75. The 
activated power Supply restoration microprogram uP2 
restores the information necessary in proceeding with the 
program evacuated to the information holding unit 4 or the 
register in time of power shutdownto the CPU 1, and changes 
to the infrared light transmission state in step n76. Lastly, the 
power Supply restoration microprogram uP2 branches the 
processes in the CPU 1 to the addresses indicated by the 
program counter PC. The State thus changes from the shut 
down state to the program execution State, and the program 
proceeds. If not recognized that the key input is performed on 
the input unit 21 of the communication device in step n71, the 
power Supply control unit 2 maintains the power shutdown 
mode in the next step n78. 

Therefore, when using the present invention to the appli 
cation of the communication device Such as a remote control 
ler, the process by the present invention serves as a Substitute 
of the stop mode process. Thus, the mode changes to the 
power shutdown mode if the button is not pushed for a con 
stant time. In the power Supply restoration process, the input 
in the communication device is assumed as the restoration 
factor to change to the power Supply restoration mode. 

According to the present embodiment, when used in the 
communication device main body, the mode changes to the 
power shutdown mode if operation is not made for a constant 
time, and if input is again made, such input is assumed as the 
restoration factor to change to the power Supply restoration 
mode. Significant power reduction is thereby achieved. 

Eighth Embodiment 

FIG. 22 is a system configuration view of a recording 
device according to an eighth embodiment of the present 
invention, and FIG. 23 is a block diagram showing a configu 
ration of a microcontroller according to the eighth embodi 
ment. As shown in FIG. 22, an analog image signal is signal 
processed by a three dimensional YC separation circuit and a 
video decoder circuit in a three dimensional YC separation 
built-in video decoder 23, and thereafter input to a DVD 
recorder LSI 25. Furthermore, the analog image signal is 
signal processed by an image processing DSP 27 of the DVD 
recorder LSI 25, and then output from the DVD recorder LSI 
125. A digital image signal read by the DVD driver is signal 
processed by a DSP servo of an optical disc controller LSI 24, 
and then input to the DVD recorder LSI 25. The digital image 
signal is also signal processed by the image processing DSP 
27 of the DVD recorder LSI 25 and the microcontroller A and 
then output from the DVD recorder LSI 25. 

In the microcontroller of FIG. 23, the timer 8 generates a 
timer interrupt S14 to the power supply control unit 2 at every 
constant time. When used in a recording device Such as a 
recorder, the microcontroller for system control generates an 
interrupt a few dozen seconds before the recording time to 
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18 
restore the power in the recording device, but in the present 
embodiment, such interrupt processing is used as the timer 
interrupt S14. 
The power Supply restoration operation of the microcon 

troller A according to the present embodiment configured as 
described above will now be described according to the flow 
chart of FIG. 24. First, in step n31, the processing mode of the 
microcontroller A changes to the power shutdown mode. In 
the next step n&2, the timer 8 outputs the timer interrupt S14 
to the power Supply control unit 2. The power Supply control 
unit 2, upon receiving the timer interrupt S14, outputs the 
power Supply control signal S4 to the power Supply unit 5 in 
step n33. The power supply unit 5, upon receiving the power 
supply control unit S4, restarts to supply power to the CPU 1. 
In step n&4, the CPU 1 compares the time a constant time 
before the recording programmed time stored in the informa 
tion holding unit 4 and the current time. If the comparison 
result shows that the two match, the CPU 1 changes to the 
power supply restoration mode in step n&5. In step n&6, the 
CPU 1 supplies power to the antenna, microcontroller A itself 
and the system including the microcontroller A. In step n87, 
the microcontroller A changes to a recording process state. If 
the comparison result of the time a constant time before the 
recording programmed time stored in the information holding 
unit 4 and the current time shows that they do not match in 
step n84, the process proceeds to step n88, and the microcon 
troller A executes the power shutdown command and returns 
to the power shutdown mode of step n&1. 

According to the present embodiment, power consumption 
is greatly reduced by setting to the power shutdown mode 
rather than to the standby mode as in normal time when 
operation is not made until the recording programmed time in 
the recording device. 
The examples of the present invention have been 

described, but various modifications may be made to the 
present invention based on the technical concept thereof. 

While the invention has been particularly described with 
reference to the preferred embodiments thereof, it should be 
understood that combination and arrangement of the parts 
described in the preferred embodiments can be modified in 
various ways without departing from the spirit and the scope 
of the invention defined by the following claims. 

What is claimed is: 
1. A microcontroller comprising: 
a CPU; 
a power supply unit arranged between the CPU and a power 

supply device for supplying power to the CPU: 
a power supply control unit for controlling the CPU and the 

power Supply unit; 
an information holding unit for holding information evacu 

ated from the CPU, the information being necessary in 
proceeding with a program; and 

a clock generator, wherein: 
the power Supply control unit outputs a shutdown request 

signal to the CPU in response to an occurrence of a 
power shutdown factor, 

the CPU, upon receiving the shutdown request signal, 
executes a power shutdown microprogram, evacuates 
the information necessary in proceeding with the pro 
gram to the information holding unit, and outputs an 
evacuation completed signal to the power Supply control 
unit after evacuation is completed, 

the power Supply control unit, upon receiving the evacua 
tion completed signal, outputs a power shutdown control 
signal to the power Supply unit, 
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the power supply unit shuts down power supply to the CPU 
upon receiving the power shutdown control signal from 
the power Supply control unit, 

the power Supply control unit, upon receiving the evacua 
tion completed signal, outputs a clock stop control signal 5 
to the clock generator, 

the power Supply control unit outputs a power Supply con 
trol signal to the power Supply unit in response to an 
occurrence of a power Supply restoration factor, 

the power Supply unit, upon receiving the power Supply 10 
control signal, starts to supply power to the CPU, 

the power Supply control unit outputs a restoration request 
signal to the CPU and outputs a clock Supply control 
signal to the clock generator when a Supplied power 
Supply Voltage is stabilized, 15 

the clock generator, upon receiving the clock Supply con 
trol signal, restarts to Supply an operation clock, and 

the CPU, upon receiving the restoration request signal, 
executes a power Supply restoration microprogram, 
restores the information necessary in proceeding with 20 
the program and evacuated in the information holding 
unit in time of power shutdown, and then branches a 
process to an address indicated by a program counter to 
continue program execution from a shutdown state. 

2. The microcontroller according to claim 1, wherein the 25 
clock generator selects one of operation performed after stop 
ping Supply of an operation clock and operation stop per 
formed without stopping the Supply of the operation clock as 
operation to be performed upon receiving the clock stop 
control signal from the power Supply control unit. 30 

3. The microcontroller according to claim 1, wherein the 
power supply control unit limits a period in which shutdown 
is possible. 

4. The microcontroller according to claim 1, wherein the 
power shutdown microprogram evacuates the information 35 
necessary in proceeding with the program to a stack region in 
the information holding unit and then evacuates to a specific 
place only a value of a stack pointer for pointing to an evacu 
ation place. 

5. The microcontroller according to claim 1, wherein the 40 
power Supply restoration factor uses an interrupt system of 
the microcontroller. 

6. The microcontroller according to claim 1, wherein a 
state of the power shutdown factor includes at least one of a 
state where it is provided from an external terminal and a state 45 
where it is provided by a command, and it is possible to select 
a configuration corresponding to either one or both of the 
States. 

7. The microcontroller according to claim 1, wherein: 
the power Supply restoration microprogram includes: 50 

a microprogram for restoring the evacuated information 
necessary in proceeding with the program and pro 
ceeding with the program; 

a microprogram for restoring a set value without using 
the evacuated information necessary in proceeding 55 
with the program; and 

a program for resetting processes, and the CPU selects 
one of the plurality of microprograms in an alternative 
way. 

8. The microcontroller according to claim 1, wherein one 60 
of the power shutdown microprogram and the power Supply 
restoration microprogram is selectively executed in an alter 
native way, according to the generated power shutdown factor 
or a type of the selected power shutdown factor. 

9. The microcontroller according to claim 1, wherein a 65 
period for shutting down power Supply is set according to one 
or more peripheral circuit modules, and the period is set so 

20 
that power shutdown is not carried out in a period necessary 
for power Supply restoration and power shutdown is carried 
out in a period not necessary for the power Supply restoration. 

10. The microcontroller according to claim 1, further com 
prising a debugger for constantly monitoring a register in the 
CPU: wherein 

data other than data monitored by the debugger is evacu 
ated in the information holding unit in time of power 
shutdown. 

11. The microcontroller according to claim 1, further com 
prising a second power Supply unit for lowering a Voltage to 
be supplied to a circuit portion outside a power shutdown 
range to a lower limit Voltage for information holding when 
the power shutdown factor occurs. 

12. The microcontroller according to claim 1, further com 
prising a circuit for loading an inverted value to a register in a 
circuit portion in a power shutdown range. 

13. A communication device comprising: 
the microcontroller according to claim 1: 
an input unit for accepting an instruction to be externally 

input; and 
a signal transmitting unit for transmitting a signal to other 

equipment by infrared light; wherein 
a power shutdown process is executed when no input is 
made to the input unit for a constant time, and then a 
power Supply restoration process is executed when an 
input is made to the input device. 

14. A recording device comprising: 
a DVD recorder LSI including the microcontroller accord 

ing to claim 1, an image processing DSP and a storage 
circuit; and 

an optical disc controller LSI including a DSP servo; 
wherein 

a timer interrupt is generated to the power Supply control 
unit at every constant time, the current time and the time 
a constant time before a recording programmed time are 
compared, and a power Supply restoration process is 
performed, when comparison result shows that the two 
match, in order for the microcontroller to change to a 
recording processable state. 

15. The microcontroller of claim 1, wherein the power 
Supply unit includes a Voltage regulator. 

16. The microcontroller of claim 1, wherein the power 
Supply unit does not shut down the power Supply at least to the 
clock generator upon receiving the power shutdown control 
signal from the power Supply control unit. 

17. A microcontroller comprising: 
a CPU; 
a power supply unit arranged between the CPU and a power 

supply device for supplying power to the CPU: 
a power supply control unit for controlling the CPU and the 

power Supply unit; and 
an information holding unit for holding information evacu 

ated from the CPU, the information being necessary in 
proceeding with a program; wherein: 

the power Supply control unit outputs a shutdown request 
signal to the CPU in response to an occurrence of a 
power shutdown factor, 

the CPU, upon receiving the shutdown request signal, 
executes a power shutdown microprogram, evacuates 
the information necessary in proceeding with the pro 
gram to the information holding unit, and outputs an 
evacuation completed signal to the power Supply control 
unit after evacuation is completed, 
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the power Supply control unit, upon receiving an occur 
rence of a power Supply restoration factor after receiving 
the evacuation completed signal, outputs a restoration 
request signal to the CPU, 

the CPU, upon receiving the restoration request signal, 
executes a power Supply restoration mircoprogram 
which does not restore the evacuated information, and 
continues program execution, and 

the power shutdown microprogram evacuates the informa 
tion necessary in proceeding with the program to a stack 
region in the information holding unit, and then evacu 
ates to a specific place only a value of a stack pointer for 
pointing to an evacuation place. 

18. The microcontroller according to claim 17, wherein the 
clock generator selects one of operation performed after stop 
ping Supply of an operation clock and operation stop per 
formed without stopping the Supply of the operation clock as 
operation to be performed upon receiving the clock stop 
control signal from the power Supply control unit. 

19. The microcontroller according to claim 17, wherein the 
power Supply control unit limits a period in which shutdown 
is possible. 

20. The microcontroller according to claim 17, wherein the 
power Supply restoration factor uses an interrupt system of 
the microcontroller. 

21. The microcontroller according to claim 17, wherein a 
state of the power shutdown factor includes at least one of a 
state where it is provided from an external terminal and a state 
where it is provided by a command, and it is possible to select 
a configuration corresponding to either one or both of the 
States. 

22. The microcontroller according to claim 17, wherein 
the power Supply restoration microprogram includes: 

a microprogram for restoring the evacuated information 
necessary in proceeding with the program and pro 
ceeding with the program; 

a microprogram for restoring a set value without using 
the evacuated information necessary in proceeding 
with the program; and 

a program for resetting processes, and 
the CPU selects one of the plurality of microprograms in an 

alternative way. 
23. The microcontroller according to claim 17, wherein 

one of the power shutdown microprogram and the power 
Supply restoration microprogram is selectively executed in an 
alternative way, according to the generated power shutdown 
factor or a type of the selected power shutdown factor. 

24. The microcontroller according to claim 17, wherein a 
period for shutting down power Supply is set according to one 
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or more peripheral circuit modules, and the period is set so 
that power shutdown is not carried out in a period necessary 
for power Supply restoration and power shutdown is carried 
out in a period not necessary for the power Supply restoration. 

25. The microcontroller according to claim 17, further 
comprising a debugger for constantly monitoring a register in 
the CPU; wherein 

data other than data monitored by the debugger is evacu 
ated in the information holding unit in time of power 
shutdown. 

26. The microcontroller according to claim 17, further 
comprising a second power Supply unit for lowering a Voltage 
to be Supplied to a circuit portion outside a power shutdown 
range to a lower limit Voltage for information holding when 
the power shutdown factor occurs. 

27. The microcontroller according to claim 17, further 
comprising a circuit for loading an inverted value to a register 
in a circuit portion in a power shutdown range. 

28. A communication device comprising: 
the microcontroller according to claim 17; 
an input unit for accepting an instruction to be externally 

input; and 
a signal transmitting unit for transmitting a signal to other 

equipment by infrared light; wherein 
a power shutdown process is executed when no input is 
made to the input unit for a constant time, and then a 
power Supply restoration process is executed when an 
input is made to the input device. 

29. A recording device comprising: 
a DVD recorder LSI including the microcontroller accord 

ing to claim 17, an image processing DSP, and a storage 
circuit; and 

an optical disc controller LSI including a DSP servo; 
wherein 

a timer interrupt is generated to the power Supply control 
unit at every constant time, the current time and the time 
a constant time before a recording programmed time are 
compared, and a power Supply restoration process is 
performed, when comparison result shows that the two 
match, in order for the microcontroller to change to a 
recording processable state. 

30. The microcontroller of claim 17, wherein the power 
Supply unit includes a Voltage regulator. 

31. The microcontroller of claim 17, wherein the power 
Supply unit does not shut down the power Supply at least to the 
clock generator upon receiving the power shutdown control 
signal from the power Supply control unit. 

k k k k k 
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