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(57) ABSTRACT 

For an internal circuit having a ?rst operation mode consum 
ing a ?rst operational current and a second operation mode 
consuming a second operational current, which is smaller 
than the ?rst operational current, a ?rst power source regula 
tor for stepping down a prede?ned output power supply volt 
age from an input power supply voltage and having a current 
supply ability corresponding to the ?rst operational current 
of the internal circuit and a second power source gulator 
having a current supply ability corresponding to the second 
operational current are combined in order to, under the con 
trol of a power supply control unit, operate the ?rst step 
down type regulator in response to a ?rst control signal 
instructing the ?rst operation mode in the internal circuit and 
to operate the second step-down type regulator in response 
to a second control signal instructing the second operation 
mode. In this case, the internal circuit and power supply 
control unit are provided in one semiconductor integrated 
circuit device so that reduced power consumption and power 
supply switching in accordance with the operation mode can 
be achieved. 

26 Claims, 14 Drawing Sheets 
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SEMICONDUCTOR INTEGRATED CIRCUIT 
WITH SELECTABLE POWER SUPPLY 

ACCORDING TO DIFFERENT OPERATION 
MODES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of application Ser. No. 
10/170,630 ?led Jun. 14, 2002, now US. Pat. No. 6,737,839, 
which is a continuation of application Ser. No. 09/756,868 
?led Jan. 10, 2001, now US. Pat. No. 6,424,128. 

BACKGROUND OF THE INVENTION 

The present invention relates to an electronic device, a 
semiconductor integrated circuit and a data processing sys 
tem and mainly to a technology effective to be applied to a 
power supply technology for a battery-driven mobile elec 
tronic device. 

Standard power supply voltage (such as 3.3 V) has been 
continuously used for interface between semiconductor 
chips. On the other hand, pressure resistance of a transistor is 
decreasing with is improvement of microioniZation. Thus, 
internal power supply voltage of a large scale integrated cir 
cuit (LSI) directs to be lower voltage for every generation. 
However, the internal power supply voltage is generally dif 
ferent by each chip in such the LSI. Therefore, when the 
internal power supply is supplied from a power supply on an 
implemented board, a number of power supplies equal to a 
given number of chips must be prepared, which increases in 
cost of a system and siZe of an implemented area. 

As a technology for overcoming those problems, a 
method is known including the steps of providing a step 
down type switching regulator excluding a smoothing circuit 
including an inductance and a capacitor on a chip, supplying 
only a standard power supply voltage Vcc for interface on 
the semiconductor chip and stepping down the voltage on 
each chip to generate an internal power supply voltage Vddi. 
The technology is disclosed in Proceedings of Custom Inte 
grated Circuits Conference, May 1997, pp. 587i590 and 
International Solid-State Circuits Conference, Digest of 
Technical Papers, February 1999, pp. 156*157. 

According to the conventional technology, the internal cir 
cuit on the chip is in a stand-by state (for example, a state 
where a built-in CPU clock is stopped). Thus, when its load 
current is signi?cantly small, a power conversion e?iciency 
is reduced extremely. As a result, the switching regulator 
consumes electric power signi?cantly though only a small 
amount of power needs to be supplied to the internal circuit. 
This is because AC power consumed by a switching opera 
tion for an output MOSFET, which forms an output pulse 
within the switching regulator is unnegligibly larger than an 
output power. Especially in a mobile electronic device, a 
power loss during such stand-by may reduce a battery 
lifetime, which is an important performance indicator of the 
mobile device. 
An inventor hereof has realized in Japanese Patent Laid 

Open No. 260727/93 and International Patent Publication 
No. WO 95/09475, through researches of publicly known 
technologies after the present invention was made, that a 
power supply had disclosed which combined a switching 
regulator and a series regulator used them differently trough 
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2 
output current in order to reduce power losses. However, the 
power supply device monitors the output current in order to 
switch between them, which appears rational.Yet, in an elec 
tronic device such as a microcomputer, currents consumed 
differ largely between the stand-by state where the central 
processing unit (CPU) and others perform any operations 
and an operating state where data processing is performed. 
Especially, a transition time from the stand-by state to the 
operating state consumes large current rapidly. Therefore, 
even when the consumed current is monitored for switching 
the power supply circuit as described above, voltage and/ 
current required for CPU operations cannot be obtained, 
which may cause an error operation. 

SUMMARY OF THE INVENTION 

The present inventor hereof has focused on that a 
program-controlled electronic device such as the microcom 
puter sets an operation mode by itself and considered to 
attempt higher e?iciency in the power supply device by 
using a control signal generated in the internal portion. 
Further, for the electronic device, the number of parts tends 
to be reduced by adopting a circuit element within the semi 
conductor integrated circuit device. However, The present 
inventor has notices that it was not always effective to have 
the circuit element built-in. 

It is an object of the present invention to provide an elec 
tronic device, a semiconductor integrated circuit and a data 
processing system, which allow lower power consumption. 
It is another object of the present invention to provide an 
electronic device and a data processing circuit, which allows 
siZe reduction. Further, it is another object of the present 
invention to provide an electronic device and a data process 
ing system, which allow siZe reduction and lower power 
consumption. These and other objects and novel features of 
the present invention will be apparent from description 
herein and accompanying drawings. 

The present invention disclosed herein may be summa 
riZed brie?y as follows: 

For an internal circuit having a ?rst operation mode con 
suming a ?rst operational current and a second operation 
mode consuming a second operational current, which is 
smaller than the ?rst operational current, a ?rst step-down 
type regulator for stepping down a prede?ned output power 
supply voltage from an input power supply voltage and hav 
ing a current supply ability corresponding to the ?rst opera 
tional current of the internal circuit and a second step-down 
type regulator having a current supply ability corresponding 
to the second operational current are combined in order to, 
under the control of a power supply control unit, operates the 
?rst step-down type regulator in response to a ?rst control 
signal instructing the ?rst operation mode in the internal 
circuit and to operate the second step-down type regulator in 
response to a second control signal instructing the second 
operation mode. In this case, the internal circuit and power 
supply control unit are provided in one semiconductor inte 
grated circuit device so that reduced power consumption and 
power supply switching in accordance with the operation 
mode can be achieved. 

In an electronic device including a switching regulator for 
stepping down a prede?ned output power supply voltage 
from an input power supply voltage and a semiconductor 
integrated circuit device including an internal circuit oper 
ated by feeding from the switching regulator, the switching 
regulator may include a driver control circuit formed in the 
semiconductor integrated circuit device, an output circuit 
provided in the outside of the semiconductor integrated cir 
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cuit device for generating an output pulse signal through a 
drive signal generated by the driver control circuit and an 
inductance and a capacitor for smoothing the output pulse 
signal. Thus, a number of pins of the semiconductor inte 
grated circuit device can be decreased regardless of a maxi 
mum poWer supply current, Which alloWs reduction of siZe 
and cost in addition to an increase in universality of the 
regulator circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an essential part of one 
embodiment of an electronic device according to the present 
invention; 

FIG. 2 is a characteristic diagram of an output/current to 
poWer conversion e?iciency in a step-doWn circuit for 
describing the present invention; 

FIG. 3 is a characteristic diagram of an output/current to 
poWer conversion ef?ciency in step-doWn circuit for describ 
ing the present invention; 

FIG. 4 is a block diagram of an essential part of another 
embodiment of an electronic device according to the present 
invention; 

FIG. 5 is a block diagram of an essential part of another 
embodiment of an electronic device according to the present 
invention; 

FIG. 6 is a block diagram of an essential part of another 
embodiment of an electronic device according to the present 
invention; 

FIG. 7 is a block diagram of an essential part of another 
embodiment of an electronic device according to the present 
invention; 

FIG. 8 is a block diagram of an essential part of another 
embodiment of an electronic device according to the present 
invention; 

FIG. 9 is an explanatory diagram for describing the 
present invention; 

FIG. 10 is an explanatory diagram for describing the 
present invention; 

FIG. 11 is a block diagram of an essential part of still 
another embodiment of an electronic device according to the 
present invention; 

FIG. 12 is a block diagram of an essential part of still 
another embodiment of an electronic device according to the 
present invention; 

FIG. 13 is a block diagram of an essential part of still 
another embodiment of an electronic device according to the 
present invention; 

FIG. 14 is a block diagram of an essential part of still 
another embodiment of an electronic device according to the 
present invention; 

FIG. 15 is a block diagram of an essential part of still 
another embodiment of an electronic device according to the 
present invention; and 

FIG. 16 is a Whole block diagram shoWing one embodi 
ment of a mobile communication device to Which the present 
invention may be applied. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shoWs a block diagram of an essential potion of 
one embodiment of an electronic device according to the 
present invention. The electronic device of the embodiment 
includes a smoothing circuit for a sWitching regulator having 
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4 
a diode D including a semiconductor integrated circuit 
device 100 and its external parts, an inductance (coil) L1 and 
a condenser C1. A battery for generating a poWer supply 
voltage Vcc is omitted here. 
A term “MOS” herein may be understood that it stands for 

a metal oxide semiconductor con?guration. HoWever, 
recently, MOS may generally include an electric conductor 
of non-metal, such as polysilicon, instead of metal in an 
essential portion of the semiconductor device. Alternatively, 
it may include another insulator instead of oxide. CMOS 
also tends to be understood as having a broad meaning With 
the change in meaning of MOS as described above. Further, 
MOSFET is not narroWly understood but often understood 
as including a broad con?guration as a virtual insulating gate 
?eld effect transistor. Terms CMOS and MOSFET of the 
present invention folloW such general understanding. 

Further, the present invention may be applied to not only 
an LSI including an MOS transistor but also an LSI includ 
ing a bipolar transistor or a Bi-CMOS LSI including both 
bipolar type and MOS type transistors in accordance With 
LSI application environment. Furthermore, a technical 
application of the present invention is possible for an LSI 
using an LSI substrate made of not only silicon but also 
GaAs, for example. 

Supplied from the outside of the semiconductor integrated 
circuit device 100 is poWer supply voltage Vcc to be used for 
interface betWeen chips. The poWer supply voltage Vcc is 
fed to an input/output circuit 105 and, on the other hand, is 
fed to an internal circuit (such as CPU; including 1 chip 
microcomputer) 101 by being stepped doWn to an internal 
poWer supply voltage Vddi by an on-chip regulator circuit 
110. The regulator circuit 110 includes a sWitching regulator 
120 and a series regulator 130. 
The sWitching regulator 120 includes a driver control cir 

cuit 121, a CMOS output circuit having a P-channel MOS 
FET 123 and an N-channel MOSFET 124, Which are driven 
by the driver control circuit 121, and a smoothing circuit 
including a diode D having external parts of the semiconduc 
tor integrated circuit device 100, an inductance L1 and a 
capacitor C1. 
The series regulator 130 includes a voltage comparator 

circuit 131, a P-type channel MOSFET 133 controlled by 
output voltage of the voltage comparator circuit 131 for 
operating as a variable resistance, a resistance 136 and an 
N-channel sWitch MOSFET 137 for ?oWing bias current of 
the P-channel MOSFET 133, and a P-channel Witch MOS 
FET 135. When a signal S114 generated in a poWer supply 
control unit 113 is at a loW level, the N-channel sWitch 
MOSFET 137 is turned to the OFF state and the P-channel 
MOSFET 135 is turned to the ON state. Further, the P chan 
nel MOSFET 133 is turned to the OFF state. As a result, its 
output has a high impedance state. In this case, the voltage 
comparator circuit 131 is shut doWn from the bias current by 
the loW level of the signal S114. 
The output poWer supply voltage Vddi from each of regu 

lators 120 and 130 is controlled by a level substantially equal 
to a reference voltage Vref generated by a reference voltage 
generator circuit 111 in response to a control signal S 101 
from the internal circuit 101. The poWer supply control unit 
113 detects an operation mode of the semiconductor inte 
grated circuit 100 in response to a control signal S102 sup 
plied from the internal circuit 101 or a control signal S107 
supplied through the input/output circuit 105 from the out 
side of the semiconductor integrated circuit device 100 and 
sWitches betWeen operation/ stop of the sWitching regulator 
120 and the series regulator 130 based on the detected result. 
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An output from each of regulators 120 and 130 in the step 
state is controlled to be high impedance. When the internal 
circuit 101 is in the general operation state (called ‘active 
state’ hereinafter), the poWer supply control unit 113 con 
trols to operate the sWitching regulator 120 through the con 
trol signal S113. On the other hand, When the internal circuit 
101 is in the stand-by state (for example, a state Where a 
clock of the internal circuit 113 is stopped), the poWer sup 
ply control unit 113 controls to terminates the sWitching 
regulator 120 through the control signal S113 and, at the 
same time, to operate the series regulator 130 through the 
control signal S114. 

In general, the maximum poWer conversion ef?ciency of 
the series regulator 130 gets Worse than that of the sWitching 
regulator 120 as in a characteristic diagram of output 
current-poWer conversion ef?ciency around a line AiA' in 
FIG. 2. On the other hand, the series regulator 130 in a state 
having a lighter load as in the stand-by state does not cause 
much extreme deterioration of the poWer conversion e?i 
ciency as in a state around BiB' in FIG. 2. Therefore, in the 
stand-by state, the series regulator 130 having better poWer 
conversion ef?ciency is used instead of the sWitching regula 
tor 120 With larger deterioration in the conversion e?iciency 
so that poWer consumption in the stand-by state can be saved 
effectively. 

In this embodiment, sWitching control betWeen the 
sWitching regulator 120 and the series regulator 130 in 
accordance With an operation mode of the semiconductor 
integrated circuit device 100 is performed by the poWer sup 
ply control unit by using an operation mode signal. That is, 
When the internal circuit 101 such as CPU is sWitched from 
the stand-by state to the active state, the sWitching regulator 
120 is used Which has a suf?cient load current supplying 
ability prior to the operation so that large load current caused 
When it is sWitched from the stand-by state to the active state 
can be handled, Which alloWs rapid sWitching of the CPU, 
for example, from the stand-by state to the active state and 
ensures operations such as data processing in the sWitched 
active state. 

TABLE 1 

State of CPU Active Stand-By Shut-Down 

Switching Operates Stops Stops 
Regulator 
Series Stops Operates Stops 
Regulator 

The sWitching control of the sWitching regulator 120 and 
the series regulator 130 under the control of the poWer sup 
ply control unit in this embodiment can be summariZed in 
Table l. The operation mode often includes a shut-doWn 
mode (a state Where the internal poWer supply voltage Vddi 
is shut doWn; data in a register, for example, Will be lost) in 
addition to the active and stand-by states. Thus, the shut 
doWn state is included in Table 1. In the shut-doWn state, 
both of regulators do not needs to be operated. Thus, both of 
them are stopped so that the poWer consumption can be 
reduced. HoWever, the poWer supply control unit 113 and the 
input/output circuit 105 are operated through the poWer sup 
ply voltage Vcc, so that they can recover from the shut-doWn 
state to the active or stand-by (sleep) state. The reference 
voltage generator circuit 111 may be kept in operation state 
by the poWer supply voltage Vcc When its current consump 
tion is a small amount. Alternatively, the operation current 
for analog circuits such as the voltage comparator circuit 
may be shut doWn under the control of the poWer supply 
control unit 113 if necessary. 
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6 
FIG. 4 shoWs a block diagram of an essential part of 

another embodiment of the electronic device according to 
the present invention. In this embodiment, a poWer supply 
circuit includes one sWitching regulator. HoWever, tWo types 
of output circuits are provided for a smoothing circuit for the 
sWitching regulator including a diode D1 having a semicon 
ductor integrated circuit device 100 and its external 
components, in inductance L1 and a condenser C1. MOS 
FETs 123 and 124 are output circuits for the active state 
While MOSFETs 123' and 124' are output circuits for the 
stand-by state, Which performs equivalent operations to the 
series regulator. 

In the characteristic diagram in FIG. 2, the poWer conver 
sion e?iciency of the sWitching regulator is improved With a 
heavy load of an output Iout because an amount of poWer 
losses in the smoothing circuit using the inductance L1 and 
the condenser C1 is extremely smaller than that of an output 
poWer Pout. On the other hand, it is because poWer con 
sumed for driving the output MOSFETs 123 and 124 for 
supplying pulse signals to the smoothing circuit is relatively 
larger When the output current Iout has light loads. 
Therefore, as shoWn in a characteristic diagram a in FIG. 3, 
When the siZe of the MOSFETs for forming the output pulses 
are reduced, the ef?ciency can be increased With light loads. 
In consideration of this, tWo types of output circuits are pro 
vided as indicated above and sWitched under the control of 
the poWer supply control unit 113. 
An output from the output circuits in the stop state is 

controlled so as to be high impedance, When the internal 
circuit 101 is in general operation state (active state, 
hereinafter), the poWer control unit 113 controls to operate 
the output MOSFETs 123 and 124 through a ?rst state of a 
control signal S113 (Where the output MOSFETs 123' and 
124' are in OFF state). On the other hand, When the internal 
circuit 101 is in the stand-by state (for example, a clock for 
the internal circuit 113 is terminated), the poWer supply con 
trol unit 113 turns the output MOSFETs 123 and 124 to the 
OFF state through a second state of the control signal S113 
in order to control to operate the output MOSFET 123' and 
124' simultaneously. As a result, poWer consumption can be 
saved effectively as above by using them differently in 
accordance With the load state of the characteristics a and b 
in FIG. 3. The control by the poWer supply control unit 113 
can be performed in the same manner as Table 1. 

FIG. 5 shoWs a block diagram of an essential portion 
block diagram of another embodiment of the electronic 
device according to the present invention. Also in this 
embodiment, a poWer supply voltage Vcc to be used for the 
interface betWeen chips is supplied from the outside of the 
semiconductor integrated circuit device 100 in the same 
manner as above. The poWer supply voltage Vcc is fed to the 
input/output circuit 105 While stepped doWn to the internal 
poWer supply voltage Vddi by the on-chip regulator circuit 
110 in order to be fed to the internal circuit (such as CPU) 
101. In this embodiment, the regulator circuit 110 feeds an 
internal poWer supply voltage Vddr equivalent to the internal 
poWer supply voltage Vddi to a random access memory 
(RAM) array 102. 
The regulator circuit 110 includes a sWitching regulator 

120 and a series regulator 130. Outputs from the sWitching 
regulator 120 are connected directly to a poWer supply line 
of the internal circuit 101. Outputs from the series regulator 
130 are connected directly to a poWer supply line of the 
RAM array 102. Provided betWeen the outputs from the 
sWitching regulator 120 and outputs from the series regula 
tor 130 is a sWitch 140. Output poWer supply voltage from 
each of regulators 120 and 130 is controlled to a substan 
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tially equal level to a reference voltage Vref generated by the 
reference voltage generator circuit 111 in response to a con 
trol signal. S101 from the internal circuit 101. 

The power supply control unit 113 detects an operation 
mode of the semiconductor integrated circuit 100 in 
response to a control signal 102 supplied from the internal 
circuit 101 or a control signal S107 supplied through the 
input/output circuit 105 from the outside of the semiconduc 
tor integrated circuit device 100 and sWitches betWeen 
operation/ stop of the sWitching regulator 120 and the series 
regulator 130 and ON/OFF of the sWitch 140 based on the 
detected result. An output from each of regulators 120 and 
130 in the stop state is controlled to be high impedance. 
When the internal circuit 101 is in the active state, the 

poWer supply control unit 113 controls to operate the sWitch 
ing regulator 120 through the control signal S113. At the 
same time, the poWer supply control unit 113 turns the 
sWitch 1400N through a control signal S115 and the output 
poWer supply voltage Vddi of the sWitching regulator 120 is 
fed to the RAM array 102 through the sWitch 140. 

When the internal circuit 101 is in the stand-by state, the 
poWer supply control unit 113 controls to terminates the 
sWitching regulator 120 through the control signal S113 and, 
at the same time, to operate the series regulator 130 through 
the control signal S114 in order to turn the sWitch 140 ON 
through the control signal S115. The internal circuit 101 and 
the RAM array 102 are fed from the series regulator 130. 
Therefore, in the same manner as the embodiment in FIG. 1, 
the series regulator 130 is used instead of the sWitching regu 
lator 120 in the stand-by state so that poWer consumption in 
the stand-by state can be saved effectively. 

Further, this embodiment includes an operation mode for 
shutting doWn the poWer supply for the internal circuit 101 
in order to hold data of the RAM array 102 only (RAM data 
holding state) In the RAM data holding state, the poWer 
supply control unit 113 terminates the sWitching regulator 
120 through the control signal S113 and, at the same time, 
turns the sWitch 140 OFF through the control signal S115 in 
order to shut doWn the poWer supply for the internal circuit 
101. On the other hand, the poWer supply control portion 
113 controls to operate the series regulator 130 through the 
control signal S114. 

Therefore, the series regulator 130 supplies electric poWer 
required by the RAM array 102 for holding data. In the 
RAM data holding state, the poWer supply for the internal 
circuit 101 is shut doWn. Thus, leak current of the internal 
circuit 101 can be Zero completely, Which alloWs saving 
more poWer consumption than the stand-by state. HoWever, 
in the RAM data holding state, information Written into a 
register, for example, Within the internal circuit 101 is lost. 
Thus, information in the register may be transferred to the 
RAM before CPU shut-doWn/RAM data holding, if neces 
sary. In the shut-doWn state, both sWitching regulator 120 
and series regulator 130 are terminated. SWitching controls 
for the sWitching regulator 120, series regulator 130 and the 
sWitch 140 in accordance With the operation modes in this 
embodiment Will be summarized in Table 2 beloW: 

TABLE 2 

CPU Shut 
Down/RAM 

CPU/RAM Data 
state Active Stand-By Holding Shut-Down 

switching operate stop stop Stop 
regulator 
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TABLE 2-continued 

CPU Shut 
Down/RAM 

CPU/RAM Data 
state Active Stand-By Holding Shut-Down 

series stop operate operate Stop 
regulator 
Switch ON ON OFF ON 

FIG. 6 shoWs a block diagram of an essential part of 
another embodiment of an electronic device according to the 
present invention. Also in this embodiment, in the same 
manner as above, the poWer supply voltage Vcc is fed to the 
input/output circuit 105 While stepped doWn to the poWer 
supply voltage Vddi by the on-chip regulator circuit 110 in 
order to be fed to the internal circuit 101 such as CPU. The 
regulator circuit 110 feeds an internal poWer supply voltage 
Vddr equivalent to the internal poWer supply voltage Vddi to 
the RAM array 102. 
The regulator circuit 110 includes a sWitching regulator 

120, a ?rst series regulator 130 and a second series regulator 
150. Outputs from the sWitching regulator 120 and the ?rst 
series regulator 130 are connected directly to a poWer supply 
line of the internal circuit 101. Outputs from the second 
series regulator 150 are connected directly to a poWer supply 
line of the RAM array 102. Provided betWeen the outputs 
from the sWitching regulator 120 and the ?rst series regula 
tor 130 and outputs from the second series regulator 150 is a 
sWitch 140. 

Output poWer supply voltage from each regulators 120, 
130 and 150 is controlled to a substantially equal level to a 
reference voltage Vref generated by the reference voltage 
generator circuit 111 in response to a control signal S101 
from the internal circuit 101. The poWer supply control unit 
113 detects an operation mode of the semiconductor inte 
grated circuit 100 in response to a control signal S102 sup 
plied from the internal circuit 101 or a control signal S107 
supplied through the input/output circuit 105 from the out 
side of the semiconductor integrated circuit device 100 and 
sWitches betWeen operation/ stop of the sWitching regulator 
120, the ?rst series regulator 130 and the second series regu 
lator 150 and ON/OFF of the sWitch 140 based on the 
detected result. An output from each of regulators 120, 130 
and 150 in the stop state is controlled to be high impedance. 
When the internal circuit 101 is in the active state, the 

poWer supply control unit 113 controls to operate the sWitch 
ing regulator 120 through the control signal S113. At the 
same time, the poWer supply control unit 113 turns the 
sWitch 1400N through a control signal S115 and the output 
poWer supply voltage Vddi of the sWitching regulator 120 is 
fed to the RAM array 102 through the sWitch 140. 
When the internal circuit 101 is in the stand-by state, the 

poWer supply control unit 113 controls to terminates the 
sWitching regulator 120 through the control signal S113 and, 
at the same time, to operate the ?rst series regulator 130 
through the control signal S114 in order to turn the sWitch 
1400N through the control signal S115. The internal circuit 
101 and the RAM array 102 are fed from the ?rst series 
regulator 130. Therefore, in the same manner as the embodi 
ment in FIG. 5, the ?rst series regulator 130 is used instead 
of the sWitching regulator 120 in the stand-by state so that 
poWer consumption in the stand-by state can be saved effec 
tively. 

This embodiment includes a RAM data holding state as 
one of operation modes as in the embodiment in FIG. 5. ln 
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the RAM data holding state, the power supply control unit 
113 terminates the switching regulator 120 through the con 
trol signal S113 and terminate the ?rst series regulator 130 
through the control signal S114. At the same time, the power 
supply control unit 113 turns the switch 140 OFF through 
the control signal S115 in order to shut dun the power supply 
for the internal circuit 101. On the other hand, the power 
supply control portion 113 controls to operate the second 
series regulator 150 through the control signal S116. 

Therefore, the second series regulator 150 supplies elec 
tric power required by the RAM array 102 for holding data. 
In the RAM data holding state, the power supply for the 
internal circuit 101 is shut down. Thus, leak current of the 
internal circuit 101 can be Zero completely, which allows 
saving more power consumption than the stand-by state. 
However, in the RAM data holding state, information writ 
ten into a register, for example, within the internal circuit 
101 is lost. Thus, information in the register may be trans 
ferred to the RAM before CPU shut-down/RAM data 
holding, if necessary. 

This embodiment includes a second series regulator 150 
dedicated for uses only in the RAM data holding state. Thus, 
the second series regulator 150 can be ideally designed so as 
to supply a minimum current required for RAM data hold 
ing. The power consumed by the second series regulator 150 
itself is smaller than that consumed by the ?rst series regula 
tor 130 in the stand-by state, which allows more saving of 
power consumption in the RAM data holding state than that 
in the case of the embodiment in FIG. 5. 

In the shut-down state, the switching regulator 120, the 
?rst series regulator 130 and the series regulator 150 are all 
terminated. Switching controls for the switching regulator 
120, the ?rst series regulator 130, the second series regulator 
150 and the switch 140 in accordance with the operation 
modes in this embodiment will be summarized in Table 3 
below: 

TABLE 3 

CPU Shut 
Down/RAM 

CPU/RAM Data 
state Active Stand-By Holding Shut-Down 

Switching operate stop stop stop 
regulator 
lst series stop operate stop stop 
regulator 
2nd series stop stop operate stop 
regulator 
Switch ON ON OFF ON 

FIG. 7 shows a block diagram of an essential part of 
another embodiment of an electronic device according to the 
present invention. Also in this embodiment, in the same 
manner as above, the power supply voltage Vcc used for 
interface between chips is fed from the outside of the semi 
conductor integrated circuit device 100. The power supply 
voltage Vcc is fed to the input/output circuit 105 while 
stepped down to the internal power supply voltage Vddi by 
the on-chip regulator circuit 110 in order to be fed to the 
internal circuit 101 such as CPU. The regulator circuit 110 
feeds an internal power supply voltage Vddr equivalent to 
the internal power supply voltage Vddi from an analog cir 
cuit 103 having phase locked loop (PLL) circuit for generat 
ing clock signals, which is in synchronous with clock signals 
supplied from the outside. 
The regulator circuit 110 includes, in the same manner as 

above, a switching regulator 120, a ?rst series regulator 130 
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10 
and a second series regulator 150. Outputs from the switch 
ing regulator 120 and the ?rst series regulator 130 are con 
nected directly to a power supply line of the internal circuit 
101. Outputs from the second series regulator 150 are con 
nected directly to a power supply line of the analog circuit 
103. Output power supply voltage from each of regulators 
120, 130 and 150 is controlled to a substantially equal level 
to a reference voltage Vref generated by the reference volt 
age generator circuit 111 in response to a control signal S101 
from the internal circuit 101. 

The power supply control unit 113 detects an operation 
mode of the semiconductor integrated circuit 100 in 
response to a control signal S102 supplied from the internal 
circuit 101 or a control signal S107 supplied through the 
input/output circuit 105 from the outside of the semiconduc 
tor integrated circuit device 100 and switches between 
operation/ stop of the switching regulator 120, the ?rst series 
regulator 130 and the second series regulator 150 and 
ON/OFF of the switch 140 based on the detected result. An 
output from each of regulators 120, 130 and 150 in the stop 
state is controlled to be high impedance. 
When the internal circuit 101 is in the active state, the 

power supply control unit 113 controls to operate the switch 
ing regulator 120 through the control signal S113. When the 
internal circuit 101 is in the stand-by state, the power supply 
control unit 113 controls to terminates the switching regula 
tor 120 through the control signal S113 and, at the same 
time, to operate the ?rst series regulator 130 through the 
control signal S114. Here, the internal circuit 101 is fed from 
the ?rst series regulator 130. Therefore, in the same manner 
as the embodiment in FIG. 6, the ?rst series regulator 130 is 
used instead of the switching regulator 120 in the stand-by 
state so that power consumption in the stand-by state can be 
saved effectively. 

In this embodiment, both in the active state and in the 
stand-by state, the power supply control portion 113 controls 
to operate the second series regulator 150 through a control 
signal S116. Generally, a switching regulator causes a 
switching noise, which may have a bad effect on operations 
by the analog circuit 103. In this embodiment, the analog 
circuit 103 is always fed by the second series regulator 150. 
Thus, the bad effect can be avoided due to the switching 
noise from the switching regulator. 

In the shut-down state, the switching regulator 120, the 
?rst series regulator 130 and the series regulator 150 are all 
terminated. Switching controls for the switching regulator 
120, the ?rst series regulator 130 and the second series regu 
lator 150 in accordance with the operation modes in this 
embodiment will be summarized in Table 4 below: 

TABLE 4 

CPU/RAM 
state Active Stand-By Shut-Down 

Switching operate stop stop 
regulator 
lst series stop operate stop 
regulator 
2nd series operate operate stop 
regulator 

FIG. 8 shows a block diagram of an essential part of 
another embodiment of an electronic device according to the 
present invention. Also in this embodiment, in the same 
manner as above, the power supply voltage Vcc used for 
interface between chips is fed from the outside of the semi 
conductor integrated circuit device 100. The power supply 














