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1. 

SEMCONDUCTOR INTEGRATED CIRCUIT 
OPERABLE TO CONTROL POWER SUPPLY 

VOLTAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2004-182468 filed on Jun. 21, 2004, with the Japanese 
Patent Office, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to semiconductor 

integrated circuits, and particularly relates to a semiconduc 
tor integrated circuit which controls a power Supply Voltage 
for the purpose of reducing power consumption. 

2. Description of the Related Art 
In Semiconductor integrated circuits, and battery-driven 

portable terminals in particular, it is required to reduce 
power consumption. In order to reduce power consumption, 
clock signals are conventionally Suspended by use of a gated 
clock method. With the development of the semiconductor 
process technology, processors or the like are now manu 
factured with fine patterns smaller than 0.13 micrometers. 
With such fine patterns., leak currents that were convention 
ally treated as errors may account for a Substantial propor 
tion that cannot be disregarded. Leak currents flow all the 
time regardless of the active/inactive state of processors, and 
cannot be suppressed by the gated clock method that Sus 
pends clock signals. When the processors or the like are in 
the standby state, in particular, leak currents continue to flow 
despite the Suspension of clock signals unless the internal 
Voltage inside the chip is Suppressed. 

In consideration of the influence of leak currents, some 
methods are beginning to be employed that Suspend the 
Supply of an internal operating Voltage except for a portion 
of a power-supply control circuit or the like inside a chip 
when the processor is put into a standby state. Patent 
Document 1, for example, discloses a circuit configuration 
in which the sequential circuits of a CPU and core circuitry 
are implemented by use of a plurality of flip-flops and a 
plurality of combinatorial circuits permitting scans. In order 
to reduce the leak currents of the data processing device in 
a standby mode, the data stored in the flip-flops are saved 
through scan chains to a ferroelectric memory under the 
control of a control circuit before a transition is made from 
a normal mode to the standby mode. Further, Patent Docu 
ment 2 discloses a configuration in which memory devices 
constituting the registers of a microcomputer are imple 
mented by use of nonvolatile memories that are over 
Writable. In this configuration, the Supply of a power Supply 
Voltage is Suspended without evacuating data stored in the 
registers. 

Moreover, Patent Document 3 discloses a technology that 
does not control power Supply, but that is relevant as it 
relates to a booting method. The disclosed technology 
relates to a configuration in which booting is performed by 
referring to the contents of a nonvolatile memory, and 
recovery to a desired program state is achieved from any 
program execution state in response to the contents of the 
nonvolatile memory withoutgoing through a reset sequence. 
Further, Patent Document 4 discloses a configuration in 
which the areas of an on-chip nonvolatile memory are 
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2 
segregated so that the protocol codes of user-dedicated 
communication are not destroyed even when the computer 
goes out of control. 
Patent Document 1 Japanese Patent Application Publica 
tion No. 10-78836 

Patent Document 2 Japanese Patent Application Publica 
tion No. 2004-78772 

Patent Document 3 Japanese Patent Application Publica 
tion No. 2002-297563 

Patent Document 4 Japanese Patent Application. Publica 
tion No. 2002-297561 
The technology described in Patent Document 1 requires 

a special configuration for evacuating and recovering reg 
isters by use of scan chains dedicated for register evacuation. 
This present a problem in that the circuit of a CPU core or 
the like having already been developed cannot be utilized. It 
may be plausible to save the contents of registers to an 
external SDRAM or nonvolatile memory. Since access to a 
memory device external to the chip is slow compared to 
access to a memory inside the chip, however, the evacuation 
and recovery of register data requires a lengthy processing 
time. 

In order to keep the influence of leak current to a 
minimum, some methods are beginning to be employed that 
lower an internal operating Voltage to reduce leak currents 
during a period in which the processor or the like does not 
need to operate at high speed, and that raise the internal 
Voltage during a period in which high-speed operation is 
required. In such a case, there is a risk of the processor 
Suffering a hangup as it becomes incapable of executing 
instructions due to internal Voltage reduction. In consider 
ation of this, vital register data and the like are saved to an 
external memory in advance. Upon a hangup, the CPU core 
or the like is initialized, and the saved register data and the 
like are recovered to permit a continued operation. Even in 
Such case, however, access to a memory device external to 
the chip is slower than access to a memory inside the chip, 
thereby requiring a lengthy processing time for the evacu 
ation and recovery of the register data. 

Accordingly, there is a need for a semiconductor inte 
grated circuit that allows various register values to be readily 
saved and recovered at high speed when a standby state for 
Suspending the Supply of an internal operating Voltage or a 
state for lowering an internal operating Voltage is put into 
effect. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to provide a 
semiconductor integrated circuit that Substantially obviates 
one or more problems caused by the limitations and disad 
vantages of the related art. 

Features and advantages of the present invention will be 
presented in the description which follows, and in part will 
become apparent from the description and the accompany 
ing drawings, or may be learned by practice of the invention 
according to the teachings provided in the description. 
Objects as well as other features and advantages of the 
present invention will be realized and attained by a semi 
conductor integrated circuit particularly pointed out in the 
specification in Such full, clear, concise, and exact terms as 
to enable a person having ordinary skill in the art to practice 
the invention. 
To achieve these and other advantages in accordance with 

the purpose of the invention, the invention provides a 
semiconductor integrated circuit, including a CPU core unit, 
an on-chip-bus unit coupled to the CPU core unit, a on-chip 
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memory directly connected to the on-chip-bus unit, and a 
Voltage controlling unit configured to control a power Supply 
voltage for driving the CPU core circuit and to output a boot 
Switch signal, the on-chip-bus unit configured to Switch a 
boot address between the memory and another device in 
response to a state of the boot switch signal when the CPU 
core unit fetches boot program instructions from the boot 
address. 

According to another aspect of the invention, the CPU 
core unit includes an internal register, the CPU core unit 
configured to save a register value of the internal register to 
the memory at a time of the transition to the second power 
Supply Voltage state, and configured to recover the register 
value from the memory to the internal register according to 
the boot program instructions fetched from the memory at 
the time of the return to the first power supply voltage state. 

According to at least one embodiment of the invention, 
the boot instructions are fetched directly from the memory 
such as an internal RAM or the like connected to the on-chip 
bus, rather than fetched from a boot ROM through a normal 
access path. This eliminates a need to access the boot ROM 
that is extremely slow, and significantly reduces the number 
of processing steps, thereby achieving high-speed register 
evacuation and recovery in a simple and efficient manner. 

Further, the simple and high-speed evacuation and recov 
ery of register values are achieved simply by providing the 
memory accessible through the on-chip bus and a means to 
Switch an address accessed by the on-chip bus, without a 
need to make Substantial modification to the logic of the 
CPU core unit of a processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and further features of the present invention 
will be apparent from the following detailed description 
when read in conjunction with the accompanying drawings, 
in which: 

FIG. 1 is a block diagram showing an example of the 
configuration of an embodiment of a semiconductor inte 
grated circuit according to the present invention; 

FIG. 2 is a block diagram showing an example of the 
configuration of an on-chip bus; 

FIG. 3 is a drawing showing an example of the logic 
configuration of a bus controlling circuit; 

FIG. 4 is a block diagram showing the configuration of 
power-supply blocks of a processor shown in FIG. 1; 

FIG. 5 is a block diagram showing the configuration of a 
variation of the processor shown in FIG. 4; 

FIG. 6 is a flowchart showing a process performed at the 
time of transition to a standby State according to the present 
invention; 

FIG. 7 is a flowchart showing a process performed at the 
time of return from a standby state according to the present 
invention; and 

FIG. 8 is a timing chart showing a transition to a standby 
state and a recovery from the standby state. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following, embodiments of the present invention 
will be described with reference to the accompanying draw 
ings. 

FIG. 1 is a block diagram showing an example of the 
configuration of an embodiment of a semiconductor inte 
grated circuit according to the present invention. A semi 
conductor integrated circuit (processor) 100 of FIG. 1 
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4 
includes a Voltage controlling unit 1, a clock generating unit 
2, a CPU core unit 3, an SDRAM controlling unit 4, an 
on-chip bus 5, a bus bridge 6, an internal peripheral bus 7. 
a module 8, a Voltage control register 9, a clock control 
register 10, a PLL circuit 11, a CPU monitoring circuit 12, 
an external bus controlling unit 13, and an internal RAM 14. 
The processor 100 receives a voltage from an external 
variable voltage supply 101. The SDRAM controlling unit 4 
of the processor 100 is connected to the exterior SDRAM 
102. The external bus controlling unit 13 of the processor 
100 is connected to an external boot ROM 103 and an 
external SRAM 104. 

The SDRAM controlling unit 4 provides an interface with 
the exterior SDRAM 102. The bus bridge 6 provides an 
interface between the on-chip bus 5 and the internal periph 
eral bus 7. The external bus controlling unit 13 provides an 
interface with the boot ROM 103 and the SRAM 104. In the 
module 8, the voltage control register 9 stores settings for 
controlling the operation of the Voltage controlling unit 1 by 
use of software. The clock control register 10 stores settings 
for controlling the clock speed and clock Supply/suspension 
of the clock generating unit 2 by use of software. These 
registers are accessible through buses by the CPU core unit 
3, and are controlled by program instructions executed in the 
CPU core unit 3. The PLL circuit 11 generates a frequency 
multiplied clock signal synchronized with a clock signal 
CLKIN supplied from an exterior, and supplies the gener 
ated clock signal to the clock generating unit 2. 
The operating voltage of the processor 100 is supplied 

from the external variable voltage supply 101. It is possible 
to suspend the Supply of the operating Voltage or lower the 
operating voltage of the processor 100 by controlling the 
external variable Voltage Supply 101 through a control signal 
output from the Voltage controlling unit 1 of the processor 
100. The clock generating unit 2 of the processor 100 
generates operating clock signals for provision to individual 
modules including the CPU core unit 3 based on the fre 
quency-multiplied clock signal Supplied from the PLL cir 
cuit 11. The CPU monitoring circuit 12 monitors the opera 
tion of the CPU core unit 3, and detects a failure such as a 
hangup. 
The boot ROM 103 stores therein a boot program. During 

the power-on operation initiated from a complete power-off 
state, the CPU core unit 3 reads this boot program stored in 
the boot ROM 103. In the present invention, the boot 
program is stored in the internal RAM 14, and register 
values necessary for the resumption of an operation are 
saved to the internal RAM 14 when a transition is to be made 
to shift into a standby state in which power Supply is 
partially Suspended for the purpose of reducing power 
consumption or into a Voltage-stepped-down state in which 
the internal operating Voltage is reduced. 

Specifically, when a transition to a standby State or a 
Voltage-stepped-down state is to be made, a boot program 
code for recovering from the standby state or the like is 
stored in a particular area of the internal RAM 14, e.g., a 
certain address range starting from the top address. Further, 
saved register values are stored in other particular address 
areas. The power supply of the internal RAM 14 is main 
tained in the standby State. 
When recovering from the standby state or from the 

hangup of the CPU core unit 3 having occurred in the 
voltage-stepped-down state, an address from which the CPU 
core unit 3 reads the boot program is switched to the internal 
RAM 14 under the control of the on-chip bus 5. With this 
provision, the CPU core unit 3 reads the boot program from 
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the internal RAM 14 to execute boot instructions and to 
return the saved register values from the internal RAM 14 to 
individual registers. 

In order for the on-chip bus 5 to recognize that a recovery 
is to be made from a standby state or a Voltage-stepped 
down state, it suffices to provide a control register 15 in the 
voltage controlling unit 1. The control register 15 is set to a 
value indicative of a standby State, a value indicative of a 
hangup, a value indicating that the boot code (boot program 
instructions) and saved register data are stored in the internal 
RAM 14, etc. When the control register 15 is set to such 
value, the Voltage controlling unit 1 asserts a boot Switch 
signal. In response to the assertion of the boot Switch signal 
from the voltage controlling unit 1, the on-chip bus 5 
recognizes that the recovery is being made from a standby 
state or from a Voltage-stepped-down State, and that a 
register recovery operation is necessary. The on-chip bus 5 
thus switches a fetch address for the CPU core unit 3 to read 
the boot program instructions, so that the internal RAM 14 
becomes a new fetch address. 

With the provision described above, booting and register 
recovery can be performed at high speed. This is because the 
operating frequency of the on-chip bus 5 and the internal 
RAM 14 is higher than the operating frequency of the boot 
ROM 103. 

If the CPU monitoring circuit 12 is not provided, recovery 
from the complete hangup of the CPU core unit 3 can only 
be made by initializing the entirety of the system through the 
power-on reset operation of the board. Since the CPU 
monitoring circuit 12 is provided as shown in FIG. 1, a 
predetermined recovery operation can be performed in 
response to the detection of a hangup. 

Namely, when a transition to a Voltage-stepped-down 
state having a reduced operating Voltage is to be made, vital 
register values are saved to the internal RAM 14. When the 
CPU monitoring circuit 12 detects a hangup caused by 
Voltage reduction, the Voltage controlling unit 1 receives a 
signal indicative of the detection of a hangup, for example, 
thereby initializing individual internal modules such as the 
CPU core unit 3. Recognizing that a register recovery is 
needed based on the boot switch signal, the on-chip bus 5 
redirects a bus access request from the boot ROM 103 to the 
internal RAM 14 when the bus access request is issued by 
the CPU core unit 3 to fetch boot program instructions. As 
a result, the CPU core unit 3 performs a boot operation from 
the internal RAM 14, and recovers the register values or the 
like saved in the internal RAM 14 to the registers. There 
after, the CPU core unit 3 resumes an operation that was 
being performed before the hangup. 

In the present invention as described above, the boot 
instructions are fetched directly from the internal RAM 14 
connected to the on-chip bus 5, rather than fetched from the 
boot ROM 103 through a normal access path. This elimi 
nates a need to access the boot ROM 103 that is extremely 
slow, and significantly reduces the number of processing 
steps, thereby achieving high-speed register evacuation and 
recovery in a simple and efficient manner. 
The internal RAM 14 used for resister evacuation and the 

like may be used as a work area during a routine, normal 
operation. In other words, if there is an existing RAM 
connected to the on-chip bus 5, the provision of the control 
register 15 and slight modification to the circuit configura 
tion of the on-chip bus 5 may be sufficient for the purpose 
of achieving high-speed register evacuation and recovery. 

FIG. 2 is a block diagram showing an example of the 
configuration of the on-chip bus 5. The on-chip bus 5 of FIG. 
2 is connected to the CPU core unit 3 serving as a sole bus 
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6 
master, and is also connected to the internal RAM 14, the 
SDRAM controlling unit 4, and the bus bridge 6, which 
serve as three bus slaves. The on-chip bus 5 includes a bus 
controlling circuit 21, a selector 22, and various bus signal 
lines. 

An address signal, write data signal, and control signal 
output from the CPU core unit 3 serving as the bus master 
are Supplied to each bus slave. The address signal is also 
Supplied to the bus controlling circuit 21. In response to the 
address signal from the CPU core unit 3, the bus controlling 
circuit 21 selectively asserts one of the slave selection 
signals slave1 select through slave3 select, thereby select 
ing an address accessed by the CPU core unit 3. If the boot 
Switch signal responsive to the control register 15 is 
asserted, the internal RAM 14 is selected as the address to 
be accessed for boot-instruction fetch. Read data from each 
bust slave is selected by the selector 22, and is transmitted 
to the CPU core unit 3 serving as the bus master. 

FIG. 3 is a drawing showing an example of the logic 
configuration of the bus controlling circuit 21. In FIG. 3, a 
bus slave to be accessed is selected in response to the boot 
Switch signal and the address signal according to logic 
provided in the box of the bus controlling circuit 21. Where 
the address signal indicates a boot address Boot addr, the 
internal RAM 14 is selected as the source of booting 
operation if the boot switch signal is asserted (“1”). If the 
boot switch signal is negated (“O) the bus bridge 6 is 
selected even where the address signal indicates the boot 
address Boot addr. As a result, a boot operation is per 
formed based on the boot ROM 103 via the bus bridge 6, the 
internal peripheral bus 7, and the external bus controlling 
unit 13. If the boot switch signal is negated ("0") and the 
address signal indicates SDRAM, the SDRAM controlling 
unit 4 is selected. Otherwise, the bus bridge 6 is selected. 

FIG. 4 is a block diagram showing the configuration of 
power-supply blocks of the processor 100 shown in FIG. 1. 
In FIG. 4, the same elements as those of FIG. 1 are referred 
to by the same numerals, and a description thereof will be 
omitted. 

The processor 100 of FIG. 4 has the same circuit con 
figuration as that of FIG. 1, but has a power supply thereof 
divided into three blocks. The internal RAM 14 is situated 
in a power Supply block 31, and the Voltage controlling unit 
1 is provided in a power supply block 33. The other elements 
constituting the processor 100 are provided in a power 
supply block 32. The power supply blocks 31 through 33 
receive respective, separate power Supplies from the exter 
nal variable Voltage Supply 101, and are configured to 
control the power Supply independently of each other. In a 
standby state, power Supply is suspended only with respect 
to the power supply block 32 in which a majority of circuits 
inclusive of the CPU core unit 3 are situated whereas the 
power supply block 31 and the power supply block 33 
continue to receive the internal voltage. With this provision, 
leak currents are reduced in the standby state while the 
internal RAM 14 storing saved register values and the 
Voltage controlling unit 1 necessary for Voltage control are 
allowed to operate. 

In the case of Voltage controlling operation, the operating 
Voltage is lowered only with respect to the power Supply 
block 32 to reduce leak currents, whereas the operating 
Voltage is maintained with respect to the power Supply block 
31 where the internal RAM 14 is situated, thereby ensuring 
that the saved register values and the like are not lost. In this 
case, it is preferable to couple level-converter cells to 
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various signal lines (address signal lines, write-data lines, a 
write-enable line, read-data lines, etc.) used for accessing the 
internal RAM 14. 

FIG. 5 is a block diagram showing the configuration of a 
variation of the processor 100 shown in FIG. 4. In FIG. 5, 
the same elements as those of FIG. 4 are referred to by the 
same numerals, and a description thereof will be omitted. 

In FIG. 5, power supply is divided into the three power 
supply blocks 31 through 33 in the same manner as in FIG. 
4, which are independently controllable. At the time of a 
standby mode, the power Supply of the power Supply block 
32 is Suspended so as to reduce leak currents. The Supply of 
power is maintained with respect to the internal RAM 14 
storing saved register values and the Voltage controlling unit 
1 needed for Voltage control, thereby making it possible to 
perform booting and register recovery at high speed at the 
time of return from the standby state. In Such configuration, 
however, leak currents continue to flow in the voltage 
controlling unit 1 that continue to receive power Supply even 
at the time of a standby mode. This makes it desirable to 
reduce the circuit size of the Voltage controlling unit 1 as 
Small as possible. 

In consideration of this, a clock control register 51 and a 
mode control register 52 for keeping particular bits that need 
to be maintained at the time of standby are provided in the 
Voltage controlling unit 1 as a special feature given to the 
voltage controlling unit 1. The control register 15 of FIG. 15 
may be part of the mode control register 52. An access to the 
clock control register 51 is made through a clock-control-set 
register 41 and a clock-control-read register 42 connected to 
the internal peripheral bus 7. Further, an access to the mode 
control register 52 is made through a mode-set register 43 
and a mode-read register 44. 

With this provision, there is no need to include in the 
Voltage controlling unit 1 a bus-interface circuit or the like 
for allowing the CPU core unit 3 to access the clock control 
register 51 and the mode control register 52. This makes it 
possible to Supply power to registers no more than necessary 
at the time of standby. Here, the clock-control-set register 41 
and the clock-control-read register 42 may alternatively be 
provided as one and the same register, and the mode-set 
register 43 and the mode-read register 44 may alternatively 
be provided as one and the same register. These registers 
may be implemented as actual registers capable of storing 
data, or may be provided simply as signal lines that extend 
from the modules 8 to the voltage controlling unit 1. 

In order to reduce leak currents further, a Voltage may be 
lowered with respect to the power supply block 31 for the 
internal RAM 14 at the time of standby. Also, provision may 
be made to raise the voltage of the power supply block 31 
at the time of return from the standby state. Since leak 
currents increase as the Voltage is increasingly raised, a drop 
in the Supplied Voltage can reduce leak currents in the 
internal RAM 14. 

In order to reduce leak currents further, the voltage 
controlling unit 1 provided in the power supply block 33 that 
continues to receive Voltage Supply at the time of standby 
may be configured such that low-leak (high-Vth) transistors 
are employed as circuit devices constituting the circuitry. 
Since the Voltage controlling unit 1 is generally not required 
to operate at high processing speed, the use of such low-leak 
transistors does not cause any trouble. 

In the configuration shown in FIG. 5, a timer counter 53 
operable at low-speed clock is provided in the Voltage 
controlling unit 1. This makes it possible to activate a 
Voltage Supply control circuit 54 in response to a trigger that 
is not only an interruption signal INT from an exterior but 
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8 
also a periodic interruption signal Supplied from the timer 
counter 53, thereby returning from the standby state. Fur 
ther, a reset controlling unit 55 for initializing the individual 
modules of the CPU core unit 3 is provided for use at the 
time of return from the standby state or the like. 
When the CPU monitoring circuit 12 detects the hangup 

of the CPU core unit 3 at the time of operating-voltage 
control or the like, the reset controlling unit 55 asserts an 
internal reset signal in response to the receipt of a hangup 
detection signal by the Voltage Supply control circuit 54 or 
the reset controlling unit 55. Concurrently with this, the 
Voltage Supply control circuit 54 sends an instruction to the 
external variable voltage supply 101 to raise the internal 
operating Voltage, followed by deactivating the internal reset 
signal. With this provision, it is possible to return the voltage 
to a safe level before performing high-speed register recov 
ery and resuming an operation. 

FIG. 6 is a flowchart showing a process performed at the 
time of transition to a standby State according to the present 
invention. 
At step S1 of FIG. 6, an ongoing application is Suspended. 

At step S2, register data and the like that need to be saved, 
together with a boot program for recovery are stored in the 
internal RAM 14. At step S3, access to the internal RAM 14 
to which the register values and the like are saved is 
prohibited, and the voltage of the internal RAM 14 is 
changed to and fixed at a lower Voltage in order to suppress 
the leak currents of the internal RAM 14 at the time of 
standby. At step S4, information for use at the time of 
recovery such as information indicative of the need to 
recover the saved register values is set in the mode-set 
register or the like, and a predetermined power supply 
control sequence is activated for the purpose of shifting into 
a standby State. At Step S5, the clock generating unit 2 
Suspends clocks according to the instruction from the Volt 
age controlling unit 1, and the Voltage controlling unit 1 
issues an instruction to the external variable Voltage Supply 
101 So as to suspend the Supply of the internal power Supply 
Voltage except for the power Supply of the Voltage control 
ling unit 1 and the internal RAM 14. At step S6, the external 
variable Voltage Supply 101 Suspends Voltage Supply in 
response to the instruction. 

FIG. 7 is a flowchart showing a process performed at the 
time of return from a standby state according to the present 
invention. 
At step S1 of FIG. 7, the voltage controlling unit 1 detects 

that an external interruption or a Wake-up interruption Such 
as a timer interruption or the like has occurred. At Step S2, 
the Voltage controlling unit 1 provides a control command to 
the external variable Voltage Supply 101, and, in response 
thereto, external variable voltage supply 101 resumes volt 
age supply to the CPU core unit 3 and the like. At step S3. 
an internal reset signal is asserted, and a wait continues until 
the oscillation of the PLL circuit 11 is stabilized, followed by 
deactivating the internal reset signal once the oscillation of 
the PLL circuit 11 is stabilized. At step S4, the CPU core unit 
3 initiates a bus access for fetching boot instructions. If the 
boot Switch signal is asserted, a boot operation is performed 
from the internal RAM 14 connected to the on-chip bus 5 
rather than from the external boot ROM 103. At step S5, the 
boot program stored in one area of the internal RAM 14 
recovers the register values and the like saved to another 
area of the internal RAM 14. At step S6, the execution of the 
application program is resumed in a continuing fashion 
based on the recovered register data. 

FIG. 8 is a timing chart showing a transition to a standby 
state and a recovery from the standby state. As shown in 
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FIG. 8, a transition from a normal operation to a standby 
state is made through an intervening standby sequence (see 
(a)). During the standby sequence, internal register values 
are saved to the memory (see (c)). In the standby State, the 
power Supply output of the external variable Voltage Supply 
101 is Suspended (see (e)), and power Supply to internal 
modules comes to a stop (see (f)). 

Even in this case, however, a reduced Voltage continues to 
be supplied to the internal RAM 14 (see (g)), thereby 
continues the data hold operation (see (b)). Moreover, power 
Supply is maintained with respect to the Voltage controlling 
unit 1 (see (h)). In the standby state, the state of the internal 
registers becomes unstable (see (c)), and the clock output of 
the PLL circuit 11 is suspended (see (j)). 
A Wake-up interruption then occurs (see (d)), and, in 

response, each power Supply returns to a normal voltage 
level (see (e), (f), and (g)). An internal reset signal is then 
asserted (see (k)) with a wait for PLL stabilization. The 
oscillation of the PLL circuit 11 is stabilized (see ()). A boot 
operation is performed after the stabilization of the PLL (see 
(a)), and the saved register values are restored (see (c)). 

With the operations as described above, the processor 100 
can recover from a standby State to resume a normal 
operation. 

Further, the present invention is not limited to these 
embodiments, but various variations and modifications may 
be made without departing from the scope of the present 
invention. 
What is claimed is: 
1. A semiconductor integrated circuit, comprising: 
a CPU core unit: 
an on-chip-bus unit coupled to said CPU core unit; 
a on-chip memory directly connected to said on-chip-bus 

unit; and 
a voltage controlling unit configured to control a power 

supply voltage for driving said CPU core circuit and to 
output a boot Switch signal, 

said on-chip-bus unit configured to Switch a boot address 
between said memory and another device in response to 
a state of the boot switch signal when said CPU core 
unit fetches boot program instructions from the boot 
address. 

2. The semiconductor integrated circuit as claimed in 
claim 1, wherein said Voltage controlling unit asserts the 
boot Switch signal at a time of return to a first power Supply 
Voltage state Subsequent to a transition from the first power 
Supply Voltage state to a second power Supply Voltage state 
by controlling the power Supply voltage, and said on-chip 
bus unit assigns the boot address to said memory in response 
to the assertion of the boot switch signal. 
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3. The semiconductor integrated circuit as claimed in 

claim 2, wherein said CPU core unit includes an internal 
register, said CPU core unit configured to save a register 
value of said internal register to said memory at a time of the 
transition to the second power Supply Voltage State, and 
configured to recover the register value from said memory to 
said internal register according to the boot program instruc 
tions fetched from said memory at the time of the return to 
the first power Supply Voltage state. 

4. The semiconductor integrated circuit as claimed in 
claim 1, wherein said memory is configured to receive 
power supply independently of said CPU core unit. 

5. The semiconductor integrated circuit as claimed in 
claim 1, wherein during a period in which the power Supply 
Voltage is in the second power Supply Voltage State before 
the return to the first power Supply Voltage state Subsequent 
to the transition from the first power Supply Voltage state to 
the second power Supply Voltage state, said Voltage control 
ling unit lowers a power Supply Voltage of said memory. 

6. The semiconductor integrated circuit as claimed in 
claim 1, further comprising a module accessible from said 
CPU core unit through said on-chip-bus unit, wherein said 
CPU core unit is operable to set and read a control register 
provided in said voltage controlling unit by accessing a 
register of said module, and said voltage controlling unit 
determines the state of the boot Switch signal in response to 
a setting of the control register. 

7. The semiconductor integrated circuit as claimed in 
claim 1, further comprising a reset controlling unit config 
ured to generate an internal reset signal for a predetermined 
time period at the time of the return to the first power supply 
Voltage state Subsequent to the transition from the first 
power Supply Voltage state to the second power Supply 
Voltage state. 

8. The semiconductor integrated circuit as claimed in 
claim 7, further comprising a CPU monitoring circuit con 
figured to detect a hangup of said CPU core unit, wherein 
said reset controlling unit generates the internal reset signal 
for the predetermined time period in response to the detec 
tion of a hangup by said CPU monitoring circuit. 

9. The semiconductor integrated circuit as claimed in 
claim 7, further comprising a timer counter configured for 
timekeeping, wherein said reset controlling unit generates 
the internal reset signal for the predetermined time period in 
response to a predetermined count counted by said time 
COunter. 
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