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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 specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of application Ser. No.
10/170,630 filed Jun. 14, 2002, now U.S. Pat. No. 6,737,839,
which 1s a continuation of application Ser. No. 09/756,868
filed Jan. 10, 2001, now U.S. 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 1s
decreasing with 1s 1improvement ol 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 1s generally dii-
ferent by each chip 1n such the LSI. Therefore, when the
internal power supply 1s supplied from a power supply on an
implemented board, a number of power supplies equal to a
grven number of chips must be prepared, which increases 1n
cost of a system and size of an implemented area.

As a technology for overcoming those problems, a
method 1s 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
cach chip to generate an internal power supply voltage Vddi.
The technology 1s disclosed 1n Proceedings of Custom Inte-
grated Circuits Conference, May 1997, pp. 387-590 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 1s 1n a stand-by state ({for example, a state
where a built-in CPU clock 1s stopped). Thus, when 1ts load
current 1s significantly small, a power conversion efliciency
1s reduced extremely. As a result, the switching regulator
consumes electric power significantly though only a small
amount of power needs to be supplied to the internal circuait.
This 1s because AC power consumed by a switching opera-
tion for an output MOSFET, which forms an output pulse
within the switching regulator 1s 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 1s an important performance indicator of the
mobile device.

An mventor hereotf has realized 1n Japanese Patent Laid-
Open No. 260727/93 and International Patent Publication
No. WO 95/09475, through researches of publicly known
technologies after the present mvention 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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output current 1n order to reduce power losses. However, the
power supply device monitors the output current in order to
switch between them, which appears rational. Yet, 1n 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 1s performed.
Especially, a transition time from the stand-by state to the
operating state consumes large current rapidly. Therefore,
even when the consumed current 1s 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 1itsell and considered to
attempt higher efficiency 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 1t was not always effective to have
the circuit element built-in.

It 1s an object of the present ivention to provide an elec-
tronic device, a semiconductor integrated circuit and a data
processing system, which allow lower power consumption.
It 1s another object of the present invention to provide an
clectronic device and a data processing circuit, which allows
s1ize reduction. Further, it 1s 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 mvention will be apparent from description
herein and accompanying drawings.

The present mvention disclosed herein may be summa-
rized briefly as follows:

For an internal circuit having a first operation mode con-
suming a first operational current and a second operation
mode consuming a second operational current, which 1s
smaller than the first operational current, a first step-down
type regulator for stepping down a predefined output power
supply voltage from an mput power supply voltage and hav-
ing a current supply ability corresponding to the first 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
first step-down type regulator 1n response to a first control
signal instructing the first operation mode in the internal
circuit and to operate the second step-down type regulator 1n
response to a second control signal instructing the second
operation mode. In this case, the internal circuit and power
supply control unit are provided 1n 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 predefined 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 1n 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 1n addition to an increase in universality of the
regulator circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 1s a characteristic diagram of an output/current to

power conversion elficiency 1n a step-down circuit for
describing the present invention;

FIG. 3 1s a characteristic diagram of an output/current to
power conversion elficiency 1n step-down circuit for describ-
ing the present imvention;

FIG. 4 15 a block diagram of an essential part of another
embodiment of an electronic device according to the present
invention;

FIG. 5 15 a block diagram of an essential part of another
embodiment of an electronic device according to the present
invention;

FIG. 6 1s a block diagram of an essential part of another
embodiment of an electronic device according to the present
invention;

FIG. 7 1s a block diagram of an essential part of another
embodiment of an electronic device according to the present
invention;

FIG. 8 1s a block diagram of an essential part of another
embodiment of an electronic device according to the present
invention;

FIG. 9 1s an explanatory diagram for describing the
present invention;

FIG. 10 1s an explanatory diagram for describing the
present invention;

FIG. 11 1s a block diagram of an essential part of still
another embodiment of an electronic device according to the
present invention;

FIG. 12 1s a block diagram of an essential part of still
another embodiment of an electronic device according to the
present invention;

FIG. 13 1s a block diagram of an essential part of still
another embodiment of an electronic device according to the
present invention;

FIG. 14 1s a block diagram of an essential part of still
another embodiment of an electronic device according to the
present invention;

FIG. 15 1s a block diagram of an essential part of still
another embodiment of an electronic device according to the
present invention; and

FIG. 16 1s 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 1ts external parts, an inductance (coil) L1 and
a condenser C1. A battery for generating a power supply
voltage Vcc 1s omitted here.

A term “MOS” herein may be understood that 1t stands for
a metal oxide semiconductor configuration. However,
recently, MOS may generally include an electric conductor
of non-metal, such as polysilicon, instead of metal 1n 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 1n meaning of MOS as described above. Further,
MOSFET 1s not narrowly understood but often understood
as including a broad configuration as a virtual insulating gate
field 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 B1-CMOS LSI including both
bipolar type and MOS type transistors 1n accordance with
LSI application environment. Furthermore, a technical
application of the present ivention 1s 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 1s power supply voltage Vcc to be used for
interface between chips. The power supply voltage Vcc 1s
fed to an input/output circuit 105 and, on the other hand, 1s
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 MOSFFET 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 tlowing 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 1s at a low level, the N-channel switch
MOSFET 137 1s turned to the OFF state and the P-channel
MOSFET 135 1s turned to the ON state. Further, the P chan-
nel MOSFET 133 1s turned to the OFF state. As a result, 1ts
output has a high impedance state. In this case, the voltage
comparator circuit 131 1s 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 1s controlled by a level substantially equal
to a reference voltage Vrel generated by a reference voltage
generator circuit 111 1n 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 1n response to a control signal S102 sup-
plied from the internal circuit 101 or a control signal S107
supplied through the mput/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 1s controlled to be high impedance. When the internal
circuit 101 1s 1n 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 1s 1n the stand-by state (for example, a state where a
clock of the mternal circuit 113 1s 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 efficiency of
the series regulator 130 gets worse than that of the switching,
regulator 120 as 1n a characteristic diagram of output
current-power conversion efficiency around a line A—A' 1n
FIG. 2. On the other hand, the series regulator 130 1n a state
having a lighter load as 1n the stand-by state does not cause
much extreme deterioration of the power conversion effi-
ciency as 1n a state around B—B' 1n FIG. 2. Therefore, 1n the
stand-by state, the series regulator 130 having better power
conversion efliciency is used instead of the switching regula-
tor 120 with larger deterioration in the conversion efficiency
so that power consumption in the stand-by state can be saved
clfectively.

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 1s performed by the power sup-
ply control unit by using an operation mode signal. That 1s,
when the internal circuit 101 such as CPU 1s switched from
the stand-by state to the active state, the switching regulator
120 1s used which has a suflicient load current supplying
ability prior to the operation so that large load current caused
when 1t 1s 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 1n 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 unmit in this embodiment can be summarized in
Table 1. The operation mode often includes a shut-down
mode (a state where the mternal power supply voltage Vddi
1s shut down; data 1n a register, for example, will be lost) 1n
addition to the active and stand-by states. Thus, the shut-
down state 1s included 1n 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 1n operation state
by the power supply voltage Vcc when its current consump-
tion 1s 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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FIG. 4 shows a block diagram of an essential part of
another embodiment of the electronic device according to
the present mvention. 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 1ts external
components, 1n 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 1n FIG. 2, the power conver-
s1on elficiency of the switching regulator 1s improved with a
heavy load of an output Iout because an amount of power
losses 1n the smoothing circuit using the inductance L1 and
the condenser C1 1s extremely smaller than that of an output
power Pout. On the other hand, 1t 1s 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.
Theretfore, as shown 1n a characteristic diagram a i FIG. 3,
when the size of the MOSFET's for forming the output pulses
are reduced, the efficiency 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 1n the stop state is
controlled so as to be high impedance, when the internal
circuit 101 1s in general operation state (active state,

hereinafter), the power control unit 113 controls to operate
the output MOSFETs 123 and 124 through a first 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 1s 1n the stand-by state (for example, a clock for
the internal circuit 113 1s 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 elfectively 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 1n 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 1n this
embodiment, a power supply voltage Vcc to be used for the
interface between chips 1s supplied from the outside of the
semiconductor integrated circuit device 100 1n the same
manner as above. The power supply voltage Vcc 1s fed to the
input/output circuit 105 while stepped down to the internal
power supply voltage Vddi by the on-chip regulator circuit
110 1n 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 mternal 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 1s a switch 140. Output power supply voltage from
cach of regulators 120 and 130 1s controlled to a substan-
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tially equal level to a reference voltage Vrel 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 1n
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 1n the stop state 1s controlled to be high impedance.

When the internal circuit 101 1s 1in 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 S113 and the output

power supply voltage Vddi of the switching regulator 120 1s
fed to the RAM array 102 through the switch 140.

When the internal circuit 101 1s 1n 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 1n 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 1n FIG. 1,
the series regulator 130 1s used instead of the switching regu-
lator 120 1n the stand-by state so that power consumption 1n
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.

Therelore, 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 1s 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 1nto a
register, for example, within the mternal circuit 101 1s lost.
Thus, mformation 1n the register may be transferred to the
RAM before CPU shut-down/RAM data holding, 11 neces-
sary. In the shut-down state, both switching regulator 120
and series regulator 130 are terminated. Switching controls
tor the switching regulator 120, series regulator 130 and the
switch 140 1n 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 1s fed to the

input/output circuit 105 while stepped down to the power
supply voltage Vddi by the on-chip regulator circuit 110 1n
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 first series regulator 130 and a second series regulator
150. Outputs from the switching regulator 120 and the first
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 first series regula-

tor 130 and outputs from the second series regulator 150 1s a
switch 140.

Output power supply voltage from each regulators 120,
130 and 150 1s controlled to a substantially equal level to a
reference voltage Vrel generated by the reference voltage
generator circuit 111 1n 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 1n response to a control signal S102 sup-
plied from the mternal 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 first 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 1n the stop state 1s controlled to be high impedance.

When the internal circuit 101 is 1n 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 1s
fed to the RAM array 102 through the switch 140.

When the mternal circuit 101 1s 1n 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 first series regulator 130
through the control signal S114 1n order to turn the switch
1400N through the control signal S115. The internal circuit
101 and the RAM array 102 are fed from the first series
regulator 130. Therefore, 1n the same manner as the embodi-
ment 1n FIG. §, the first series regulator 130 1s used instead
of the switching regulator 120 1n the stand-by state so that
power consumption 1n 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 1n FIG. 5. In
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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 first 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 1n 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 1s 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, 1n the RAM data holding state, information writ-
ten mto a register, for example, within the internal circuit
101 1s lost. Thus, information in the register may be trans-

ferred to the RAM betore CPU shut-down/RAM data
holding, 1f necessary.

This embodiment includes a second series regulator 150
dedicated for uses only 1n the RAM data holding state. Thus,
the second series regulator 150 can be 1deally designed so as
to supply a mimimum current required for RAM data hold-
ing. The power consumed by the second series regulator 150
itsell 1s smaller than that consumed by the first series regula-
tor 130 1n 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. §.

In the shut-down state, the switching regulator 120, the
first series regulator 130 and the series regulator 150 are all
terminated. Switching controls for the switching regulator
120, the first series regulator 130, the second series regulator
150 and the switch 140 1n accordance with the operation
modes 1n 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
1st 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 mvention. Also 1n this embodiment, 1n the same
manner as above, the power supply voltage Vce used for
interface between chips 1s fed from the outside of the semi-
conductor mtegrated circuit device 100. The power supply
voltage Vcc 1s fed to the mput/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 1internal power supply voltage Vddi from an analog cir-
cuit 103 having phase locked loop (PLL) circuit for generat-
ing clock signals, which 1s 1n synchronous with clock signals
supplied from the outside.

The regulator circuit 110 includes, 1n the same manner as
above, a switching regulator 120, a first series regulator 130

5

10

15

20

25

30

35

40

45

50

55

60

65

10

and a second series regulator 150. Outputs from the switch-
ing regulator 120 and the first series regulator 130 are con-
nected directly to a power supply line of the mternal 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 1s controlled to a substantially equal level
to a reference voltage Vrel generated by the reference volt-
age generator circuit 111 1n 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 1n
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 first 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 1s controlled to be high impedance.

When the internal circuit 101 is 1n 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 1s 1n 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 first series regulator 130 through the
control signal S114. Here, the internal circuit 101 1s fed from
the first series regulator 130. Therefore, 1n the same manner
as the embodiment 1n FIG. 6, the first series regulator 130 1s
used instead of the switching regulator 120 in the stand-by
state so that power consumption 1n 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 1s 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
first series regulator 130 and the series regulator 150 are all
terminated. Switching controls for the switching regulator
120, the first series regulator 130 and the second series regu-
lator 150 1n 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
1st 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 mvention. Also 1n this embodiment, 1n the same
manner as above, the power supply voltage Vce used for
interface between chips 1s fed from the outside of the semi-
conductor integrated circuit device 100. The power supply
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voltage Vcc 1s fed to the mput/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. Further, output power sup-
ply voltage Vddi from the switching regulator 120 or the first
series regulator 130 1s stepped down to the internal power
supply voltage VdAdL further by a third series regulator 160.

Outputs from the third series regulator 160 are directly
connected to a power supply line of a partial circuit 104.
Output power supply voltage Vddi from the switching regu-
lators 120 and the first series regulator 130 1s controlled to a
substantially equal level to a reference voltage Vrel gener-
ated by the reference voltage generator circuit 111 1n
response to a control signal S101 from the internal circuit
101. Further, output power supply voltage VddL from the
third series regulator 160 1s controlled to a substantially
equal level to a reference voltage Vrell., which 1s lower than
the reference voltage Vret generated by the reference voltage
generator circuit 111 1n response to a control signal S101
from the internal circuit 101.

The power supply control unit 113 detects an operation
mode ol the semiconductor integrated circuit 100 1n
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 first series
regulator 130 and the third series regulator 160 based on the
detected result. In the same manner as above, an output from
cach of regulators in the stop state 1s controlled to be high
impedance.

When the internal circuit 101 1s 1n 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 1s 1n 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 first series regulator 130 through the
control signal S114. Here, the internal circuit 101 1s fed from
the first series regulator 130. Therefore, 1n the same manner
as the embodiment above, the first series regulator 130 1s
used instead of the switching regulator 120 in the stand-by
state so that power consumption 1n 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 third series regulator 160 through a control
signal S116. Especially, the partial circuit 104 has a loose
timing constraint. Thus, when no problem 1s caused on
operations even 1f the power supply voltage of the partial
circuit 104 1s reduced to a lower voltage than the power
supply voltage of the internal circuit 101, a regulator con-
figuration as 1n this embodiment achieves lower power sup-
ply voltage VddL of the partial circuit 104 than the power
supply voltage Vddi of the internal circuit 101. As a result,
the power consumption can be saved more efiectively.

In the shut-down state, the switching regulator 120, the
first series regulator 130 and the third regulator 160 are all
terminated. Switching controls for the switching regulator
120, the first series regulator 130 and the third series regula-
tor 160 in accordance with the operation modes 1n this
embodiment will be summarized in Table 5 below:
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TABLE 5
CPU/RAM
state Active Stand-By Shut-Down
Switching operate stop stop
regulator
1 st series stop operate stop
regulator
3rd series operate operate stop
regulator

FIGS. 9 and 10 show illustrative diagrams for describing
another aspect of the present invention. When a switching
regulator includes an output circuit formed 1n a semiconduc-
tor integrated circuit device and a smoothing circuit pro-
vided externally as in the embodiment 1n FIG. 1, current
substantially equal to an output current I out flows through
current paths Ivx, Ivcc and Ivss in FIG. 9. In order to form
cach of these current paths, three types of pins (VX pin, Vcc
pin, Vss pin) are needed.

Generally, there 1s an upper limit on an amount of current,
which can be flown 1n one pin (for example, about 0.1 A per
one pin generally). Thus, when the output current Iout
exceeds the upper limait, the number of the three types of pins
must be increased as in FIG. 10 1n proportion to the output
current Iout. However, the increase in the number of pins
also increase the chip size, which increases costs, therefore,
there 1s a practical limit on an acceptable number of pins
(therefore maximum output current limited by that). That 1s,
as shown 1n FIG. 10, when the maximum output current 0.2
A (Ampere), the total number of the three kinds of pins are
s1X at most. However, 1n order to obtain the maximum output
current of 0.8 A, 24 pins are required.

FIG. 11 shows a block diagram of an essential part of
another embodiment of an electronic device according to the
present invention. The electronic device of this embodiment
includes, a pulse output circuit having power MOSFETSs
PM1 and PM2 having a semiconductor integrated circuit
device 100 and its external components and a smoothing
circuit having a diode D1, an inductance (coil) L1 and a
condenser C1. A battery for generating a power supply volt-
age Vcc 1s omitted here.

Supplied from the outside of the semiconductor integrated
circuit device 100 1s a power voltage Vcc to be used for
interface between chips. The power supply voltage vec 1s fed
to an mput/output circuit 105 while stepped down to a power
supply voltage Vddi by an on-chip regulator circuit 110 1n
order to be fed to an internal circuit 101. The regulator cir-
cuit 110 includes a switching regulator 120. The output
power supply voltage Vddi of the regulator 110 1s controlled
to a substantially equal level to a reference voltage Vref
generated by a reference voltage generator circuit 111 1n

response to a control signal S101 from the internal circuit
101.

The switching regulator 120 includes a on-chip low-pass
filter unit (condensor C1, inductance L1 and diode D1), an
output circuit (PM1: P channel type, PM2: N channel type)
using an oif-chip power MOSFET and an on-chip driver

control circuit 121 for controlling conduct/non-conduct of
the MOSFET of the output circuit.

Since the output circuit includes off-chuip output MOS-
FETs PM1 and PM2 in this embodiment, a switching regu-
lator can be obtained which can obtain a maximum supply
current without an increase 1n the number of pins used for
the switching regulator 120, th at 1s, the semiconductor inte-
grated circuit device 100 may needs two external terminals
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only for supplying control signals generated by the driver
control circuit 121 to gates of the P-channel type MOSFET
PM1 and the N channel type MOSFET PM2 of the output
circuit. As a result, the number of the external terminals does
not need to be increased even if the electronic device does
not require a large maximum current. It suppresses increases
in chip size and costs due to the increase in the number of
pins, which allows reduction in the size and costs of the
clectronic device.

In general, an electronic device directs to the direction
that the electronic device 1s built in a semiconductor inte-
grated circuit device as much as possible 1 order to reduce a
number of components. However, in the above-described
switching regulator, the present inventor hereof has realized
that a big problem 1s caused that the number of pins are
increased because only two power MOSFETs are formed 1n
the semiconductor integrated circuit device.

On the other hand, a switching regulator 1s formed by
defining a power MOSFET and a driver control circuit for
controlling 1t on one-chip. However, such semiconductor
integrated circuit device 1s relatively expensive 1n price and
not so easy to handle. That 1s, as 1 this embodiment, mount-
ing the driver control circuit 212 within the semiconductor
integrate circuit 100 and handling elements for forming the
output MOSFET or the smoothing circuit as an external
components reduces costs substantially. In addition, a single
MOSFET 1s advantageous i umiversality since it may be
substantially lower 1 cost and correspond to a required
maximum output current.

FIG. 12 shows a block diagram of an essential part of
another embodiment of an electronic device according to the
present invention. In the electronic device of this
embodiment, the output transistor (PM2: N channel type) 1s
omitted from the embodiment 1n FIG. 11. The power conver-
s1on eificiency to the switching regulator 120 1n this embodi-
ment 1S lower than that in the embodiment 1n FIG. 11, but 1t
1s advantageous 1n cost since an off-chip parts count 1s one
fewer. That 1s, the current Ivss as described with reference to
FIG. 9 can be generated by the diode D1. In this case, since a
voltage loss 1s caused in the forward direction voltage VF by
the diode D1, it 1s advantageous in the electronic device,
which requires lower costs with some deterioration 1n the
power conversion eificiency.

FIG. 13 shows an essential block part of still another
embodiment of an electronic device according to the present
invention. In this embodiment, an off-chip resistance R1 and
an on-chip protective circuit 125 are added to the configura-
tion 1n the embodiment 1n FIG. 11. That 1s, when current
equal to or larger than a certain value flows through output
MOSFET PMI1, a potential detector circuit included in the
protective circuit 125 detects that a potential difference
across the resistance R1 exceeds the certain value. The pro-
tective circuit 125 controls the driver control circuit 121
through a control signal S125 1n order to cause the output
MOSFET PM1 non-conductive temporally. Thus, this
embodiment can prevent excessive current flows through the
output of the switching regulator 120, which can enhance
reliability of the switching regulator 120.

FIG. 14 shows a block diagram of an essential part of
another embodiment of an electronic device according to the
present invention. In this embodiment, as in the embodiment
in FIG. 11, a maximum output current can be obtained with-
out an increase in the number of pins used for a step-down
power supply circuit. In addition, as in the embodiment in
FIG. 1, even 1f the internal circuit 1s 1n a light loaded state
such as the stand-by state, too much deterioration 1n power
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conversion efficiency of the step-down power supply circuit
can be avoided. That 1s, MOSFETs 123 and 124 for forming
the output circuit of the switching regulator 120 1n the
embodiment 1n FIG. 1 are formed by on-chip external com-
ponents.

[,

As a result, a maximum output current can be obtained
without an increase 1n the number of pins used for a step-
down power supply circuit. In addition, even 1f the internal
circuit 1s 1n a light loaded state such as the stand-by state, too
much deterioration i power conversion efficiency of the
step-down power supply circuit can be avoided. Thus, reduc-
tion 1n size and power consumption of the electronic device
can be achieved.

FIG. 15 shows a block diagram of an essential part of
another embodiment of an electronic device according to the
present invention. In this embodiment, as in the embodiment
in FIG. 11, a maximum output current can be obtained with-
out an increase in the number of pins used for a step-down
power supply circuit. In addition, as in the embodiment in
FIG. 4, even 1 the internal circuit 1s 1in a light loaded state
such as the stand-by state, too much deterioration 1n power
conversion efficiency of the step-down power supply circuit
can be avoided. That 1s, MOSFETs 123 and 124 for forming
the output circuit of the switching regulator 120 in the
embodiment in FIG. 4 are formed by on-chip external com-
ponents.

As a result, a maximum output current can be obtained
without an 1ncrease in the number of pins used for a step-
down power supply circuit. In addition, even 11 the internal
circuit 1s 1n a light loaded state such as the stand-by state
only by the switching regulator 120, too much deterioration
in power conversion etficiency of the step-down power sup-
ply circuit can be avoided. Thus, reduction 1n size and power
consumption of the electronic device can be achieved.

The configuration of the switching regulator for obtaining,
a large maximum output current without increasing the num-
ber of pins used for the step-down power supply circuit can
be applied to the case 1n FIGS. 5, 6, 7 and 8. That 1s, forming
the output MOSFETs 123 and 124 of the switching regulator
120 by Off-chip external components allows lower power
consumption without deteriorating the power conversion
eificiency of the step-down power supply circuit when the
internal circuit 101, for example 1s the light load state such
as the stand-by state.

FIG. 16 shows a whole block diagram of one embodiment
of a mobile communication device to which the present
invention 1s applied. A typical example of the mobile com-
munication device 1s a cellular phone. A signal recerved by
an antenna 1s amplified 1n a recerving front-end, converted to
an intermediate frequency by a mixer and transmitted to a
voice processing circuit through an intermediate signal pro-
cessing circuit IF-IC. A gain control signal includes periodi-
cally 1n the received signal 1s, but not limited to, decoded 1n a
microprocessor CPU so that an input control voltage 1s
formed, which 1s supplied to a power amplifier (power
amplifier module) here.

In the power amplifier, gain control 1s performed 1n accor-
dance with the input control voltage to from a sending output
signal. The sending power 1s fed back to the microprocessor
CPU partially through a power coupler, for example. A fre-
quency synthesizer forms an oscillating signal correspond-
ing to a received frequency through a reference oscillator
circuit TCXO, a voltage control oscillator circuit VCO and
PLL loop and the oscillating circuit 1s transmitted to the
mixer 1n the recerving front end on one end. The oscillating
signal 1s supplied to a modulator on the other end. In the
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voice processing circuit, the recerved signal drives a receiver
in order to output a voice signal. A sending voice 1s con-
verted to electronic signals through a microphone and trans-
mitted to the modulator through the voice processing circuit
and a modem.

In the mobile communication device, 1-chip semiconduc-
tor integrated circuit device 1s formed 1n an available region
with respect to CPU {for size reduction. For example, a
memory may be the RAM array described above, and an
analog circuit may be the frequency synthesizer. In such an
clectronic device, the total power supply voltage Vcec may be
about 3.3 V. One to which a lower operational voltage can be
applied such as the semiconductor integrated circuit device
including CPU can allow decreases 1n power consumption
and costs by using the step-down regulator as described
above. When both memory and analog circuit are provided,
an output from the second series regulator in FIGS. 6 and 7
are power-supplied to the analog circuit in the active state or
in the stand-by state. When in the CPU shut-down/RAM
data holding state, 1t 1s controlled to be power supplied to the
memory so that propagation of switching noises to the ana-
log circuit can be avoided and allows lower power consump-

tion 1n the RAM data holding.

Operational effects which can be obtained from the
embodiments above are as follows:

(1) For an internal circuit having a first operation mode
consuming a first operational current and a second operation
mode consuming a second operational current, which 1s
smaller than the first operational current, a first step-down
type regulator for stepping down a predefined output power
supply voltage from an input power supply voltage and hav-
ing a current supply ability corresponding to the first 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, operate the
first step-down type regulator 1n response to a first control
signal instructing the first operation mode in the internal
circuit and to operate the second step-down type regulator 1n
response to a second control signal instructing the second
operation mode. In this case, the internal circuit and power
supply control unit are provided 1n one semiconductor inte-
grated circuit device so that reduced power consumption and
power supply switching 1n accordance with the operation
mode can be achieved.

(2) Further, the first power supply regulator may be a
switching regulator having a pulse output circuit formed 1n
the semiconductor itegrated circuit device and a smoothing,
circuit having an inductance and a condenser provided 1n the
outside of the semiconductor integrated circuit device and
the second step-down type regulator 1s a first series regulator
formed 1n the semiconductor integrated circuit device. Thus,
turther reduction of power consumption can be achieved.

(3) Further, the internal circuit may includes a signal pro-
cessing unit and a memory unit whose power supply voltage
line 1s 1solated by a switch and the second operation mode 1n
the internal circuit includes an operation for turning the
switch ON 1n order to supply current from the first series
regulator to the signal processing unit and the memory unit
and an operation for turming the switch OFF 1n order to
supply current only to the memory unit. Thus, necessary data
can be maintained while source supply for the signal pro-
cessing unit 1s shut down, which allows further reduction of
power consumption.

(4) The 1nternal circuit may have a signal processing unit
and a memory unit whose power supply voltage line 1s 1s0-
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lated by a switch and a second series regulator for generating
the predefined output power supply voltage from the input
power supply voltage. In this case, the second operation
mode of the internal circuit may include an operation for
turning the switch ON 1n order to supply current from the
first series regulator to the signal processing unit and the
memory unit and an operation that the first series regulator
stops 1ts operation and the second series regulator performs
an operation in order to supply current only to the memory
unit when the switch 1s turned OFF. Thus, feeding to the
memory unit for data holding by the second series regulator
can be minimized.

(5) Further, there may be provided a second series regula-
tor for generating a predefined output power supply voltage
from the mput power supply voltage and an analog circuit to
which an operational voltage 1s supplied by the series regu-
lator. In this case, the operation of the second series regulator
can be stopped at the same time when operations by the
switching regulator and series regulators are stopped. Thus,
reduction of both power consumption and power supply
noises 1n the analog circuit can be achieved.

(6) Further, there may be provided a third series regulator
for recetving the mput power supply voltage or the pre-
defined output voltage 1in order to output a low voltage not
more than the predefined output voltage and a partial circuit
in which an operational voltage 1s supplied by the third
series regulator. In this case, the operation of the third series
regulator can be stopped at the same time when operations
by the switching regulator and series regulators are stopped.
Thus further reduction of power consumption can be
achieved.

(7) In addition, the first step-down type regulator may be a
first switching regulator having a pulse output circuit for
outputting a pulse formed 1n a large output transistor corre-
sponding 1n size to the first operational current formed 1n the
semiconductor integrated circuit device and a smoothing cir-
cuit having an inductance and a condenser provided in the
outside of the semiconductor integrated circuit device, and
the second power supply regulator may be a second switch-
ing regulator having a pulse output circuit for outputting a
pulse formed in a small output transistor corresponding in
s1ze to the second operational current formed 1n the semi-
conductor integrated circuit device and a smoothing circuit.
As a result, the circuit can be simplified and the power con-
sumption can be reduced also.

(8) The internal circuit may comprise a data processing
circuit having a microcomputer function for performing sig-
nal processing through a built-in program; and the first
operation mode and second operation mode are switched
and the first and second control signals are generated 1n
accordance with the program. Thus, appropriate power sup-
ply switching can be performed with stability.

(9) The mput power supply voltage may be generated by a
battery, which can increases a battery life and eases handling
of the electronic device.

(10) In an electronic device including a switching regula-
tor for stepping down a predefined output power supply volt-
age from an iput 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 1n the outside of the semiconductor integrated cir-
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
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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 1n addition to an increase in universality of the
regulator circuit.

(11) The output circuit may include a switch MOSFET 1n
which the drive signal 1s supplied to a gate and the input

power supply voltage 1s supplied to a source and a diode for

preventing reverse current, which 1s provided between the
switch MOSFET and a ground potential of the circuit. Thus,

a number of parts can be reduced.

(12) In addition, there may be provided a resistance for
detecting current of the output circuit and a protective circuit
for limiting an operation of the output circuit when a voltage
generated 1n the resistance exceeds a predefined tolerance
value. Thus, reliability can be obtained.

(13) Further, 1n this case, the internal circuit may have a
first operation mode consuming a {irst operational current
and a second operation mode consuming a second operation
current smaller than the first operation current and the
switching regulator may be arranged to have a current sup-
ply ability corresponding to the first operational current of
the internal circuit. The electronic device may further
include a step-down type regulator built-in the semiconduc-
tor integrated circuit device and having a current supply abil-
ity corresponding to the second operational current and a
power supply control unit operating the switching regulator
in response to a first control signal instructing the first opera-
tion mode 1n the internal circuit and operating the step-down
type regulator 1n response to a second control signal istruct-
ing the second operation mode. Thus, further reduction of
the power consumption can be achieved.

(14) In addition, the step-down type regulator is prefer-
ably a series regulator. Thus, reduced power consumption 1s
achieved, which 1s adapted to the second operational current.

(15) In addition, the step-down type regulator may be a
switching regulator using a pulse output circuit for output-
ting pulses generated 1n a small output transistor correspond-
ing in size to the second operational current generated 1n the
semiconductor integrated circuit device and a switching
regulator using the inductance and condenser. Thus, the cir-
cuit can be simplified and the reduced power consumption
can be obtained which 1s adapted to the second operational
current.

(16) Further, the mnternal circuit preferably includes a data
processing circuit having a microcomputer function for per-
forming signal processing through a built-in program and
the first operation mode and second operation mode are
switched and the first and second control signals are gener-
ated 1n accordance with the program. Thus, appropriate
power supply switching can be performed with stability.

(17) In addition, the input power supply voltage may be
generated by a battery, which increases the battery life and
cases handling of the electronic device.

The present 1nvention made by the present invention has
described concretely based on i1ts embodiment. However,
various changes are possible without departing from 1ts prin-
ciple. For example, the power supply regulator may form an
internal voltage stepped down from the input source voltage
as 1n the embodiment above. In addition, it may form an
internal voltage, which 1s substantially equal to a source
voltage supplied from an external terminal of the semicon-
ductor integrated circuit and stabilized 1n order to eliminate
influenced of changes in the external source voltage. When a
step-up voltage 1s formed as above, the power supply regula-
tor as above may be used based on a voltage generated by a

10

15

20

25

30

35

40

45

50

55

60

65

18

step-up circuit such as a charge-pump circuit so that an inter-
nal voltage stabilized for voltage changes and load current in
accordance with a charge-pump operation can be generated.

In the embodiment in FIG. 1, a protective circuit as 1n
FIG. 13 may be provided. The semiconductor integrated cir-
cuit device may be formed by combining a CPU, a RAM
array, an analog circuit, a partial circuit and an input/output
circuit and other circuits required for signal processing. The
clectronic device, the semiconductor integrated circuit and
the data processing system only needs to be one including an
internal circuit of the semiconductor itegrated circuit oper-
ating with stepped-down voltage, 1n addition to the mobile
communication device. The power supply of the electronic
device may use a commercial power source 1n addition to a
battery. Alternatively, it may use both battery and commer-
cial power source. The present invention can be applied to an
clectronic device including a semiconductor integrated cir-
cuit whose internal circuit operates with stepped-down
voltage, semiconductor integrated circuit and a data process-
ing system.

What 1s claimed 1s:

1. A semiconductor integrated circuit formed on a single
chip and comprising;

a central processing unit;

an input/output circuit; and

an internal supply voltage generating circuit,

wherein said central processing unit has a first operational
mode [consuming a first operational current,] and a sec-
ond operational mode [consuming second operational
current],

wherein said internal supply voltage generating circuit
includes [a plurality of regulators] a first regulator and
a second regulator, and a control circuit controlling
said first and second regulators,

wherein said control circuit receives a first mode informa-
tion signal from said central processing unit, and
receives a second mode information signal from out-
side said semiconductor integrated circuit via said
input/output circuit, and

wherein said control circuit [controls] is operable to con-
trol said [regulators of said internal supply voltage gen-
erating circuit] first regulator according to said first
mode information [signals] sigral.

2. A semiconductor integrated circuit according to claim

wherein said first operational mode consumes a first
operational currvent,

wherein said second operational mode consumes a sec-
ond operational currvent,

wherein [said plurality of regulators include a] said first
regulator [providing] provides said first operational
current, [and]

[a] wherein said second regulator [providing] provides
said second operational current, and

wherein said second operational current [being] is smaller
than said first operational current.
3. A semiconductor integrated circuit according to claim

wherein said semiconductor integrated circuit receives a
power supply voltage from outside,

wherein said power supply voltage 1s provided to said
input/output circuit and said internal supply voltage
generating circuit,

wherein said internal supply voltage generating circuit 1s
constructed to generate a plurality of internal supply
voltages using said power supply voltage, and



4,

US RE41,270 E

19

wherein said central processing unit 1s selectively sup-
plied with said plurality of internal supply [voltage]
voltages.

4. A semiconductor integrated circuit,

a central processing unit having a plurality of operation
modes,

an mput/output circuit constructed to recerve a plurality of
signals from outside;

a voltage terminal which 1s provided with an external sup-
ply voltage; and

a voltage generating circuit constructed to generate opera-
tion voltages according to said operation modes,

wherein said voltage terminal 1s coupled with said mput/
output circuit and said voltage generating circuit to pro-
vide said external supply voltage [from] via a first volt-
age line,

wherein said input/output circuit recerves a mode signal
from outside, and provides an operation mode control

signal selectively indicating said plurality of operation
modes to said voltage generating circuit,

wherein said voltage generating circuit includes a control
circuit recetving said operation mode control signal,
and controlling the voltage generating circuit according
to the operation mode 1ndicated by said operation mode
control signal, said voltage generating circuit being
coupled to said central processing unit via a second
voltage line, and

wherein said plurality of operation modes include a first
operation mode for which said voltage generating cir-
cuit provides a first operation voltage to said central
processing unit via said second voltage line, and a sec-
ond operation mode for which said voltage generating
circuit provides a second operation voltage to said cen-
tral processing unit via said second voltage line.

5. A semiconductor 1ntegrated circuit according to claim

wherein said central processing unit consumes a first
operation current in said first operation mode and a
second operation current smaller than said first opera-
tion current 1n said second operation mode.

6. A semiconductor integrated circuit according to claim

wherein said voltage [supply] gernerating circuit includes
a first generating circuit providing said first operation
current, and a second generating circuit providing said
second operation current, and

wherein said control circuit controls operation of said first

and second generating circuits.
7. A semiconductor 1tegrated circuit according to claim

turther comprising:
an 1nternal volatile memory,

wherein said plurality of operation modes include a third
operation mode, and

wherein said voltage generating circuit 1s coupled to said
internal volatile memory via a third voltage line to pro-
vide an operation voltage to said internal volatile
memory ir said third operation made.

8. A semiconductor integrated circuit according to claim

wherein said voltage generating circuit includes a first
regulator which generates said {first operation voltage
and a second regulator which generates said second
operation voltage.
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9. A semiconductor integrated circuit device, comprising:

a central processing umt having a plurality of operation
modes; and

[an input/output circuit coupled to said central processing
unit; and]

a supply voltage generating circuit having a plurality of
operation voltage outputs,

wherein said supply voltage generating circuit includes a
control circuit which controls said supply voltage gen-
crating circuit to couple said operation voltage outputs
to said central processing unit, selectively, depending
upon the operating [made] mode of the central process-
ing unit.

10. A semiconductor mtegrated circuit according to claim

9.

wherein said control circuit recerves an operation mode
control signal and controls said supply voltage generat-
ing circuit according to the operation mode indicated
by said operation mode control signal, and

wherein each of said operation voltage outputs is con-
trolled to a predetermined voltage according to said
operation mode control signal.

11. A semiconductor mtegrated circuit according to claim
10, wherein said control circuit recerves said operation mode
control signal from [said input/output circuit] outside said
semiconductor integrated circuit.

12. A semiconductor integrated circuit according to claim
11, further comprising:

an input/output circuit, and

wherein said operation mode control signal 1s externally
supplied to said mput/output circuit.
13. A semiconductor mtegrated circuit according to claim
9, further comprising:

an input/output circuit,

wherein said control circuit receives first and second
operation mode control signals from said mput/output
circuit and said central processing unit, respectively,
and

[controls] wherein said control circuit controls an output
of said voltage generating circuit fo a predetermined
voltage level according to respective operation modes
indicated by said first and second operation mode con-
trol signals.

14. A semiconductor integrated circuit according to claim

9, wherein said plurality of operation modes 1include a first
operation mode 1n which a first of said operation voltage
outputs 1s coupled to said central processing unit to provide a
first operating current, and a second operation mode 1n
which a second of said operation voltage outputs 1s coupled
to said central processing unit to provide a second operating
current smaller than said first operating current and said first
of said operation voltage outputs is controlled to a predeter-
mined voltage level.

15. A semiconductor integrated circuit according to claim
14, wherein said first and second operation voltage outputs
are outputs of first and second regulators, respectively.

16. A semiconductor integrated circuit according to claim
14, further comprising;:

an internal volatile memory; and

wherein said first and second operation voltage [output
terminals] outputs are coupled to said internal volatile
memory via a dedicated voltage supply line for said
internal volatile memory 1n said first and second opera-
tion modes, respectively.
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17. A semiconductor integrated circuit according to claim
16,

wherein said plurality of operation modes include a third
operation mode, and

wherein said supply voltage generating circuit has an
additional operation voltage output which 1s coupled to
said internal volatile memory via said [additional] dedi-
cated voltage supply line 1n said third operating mode,
and said first and second operation voltage outputs are
controlled to high impedance state in said third opera-
tion mode.

18. A semiconductor integrated circuit according to claim
17, wherein said additional operation voltage output 1s an
output of a third regulator.

19. A semiconductor integrated circuit accovding to claim

1,

wherein said second rvegulator includes a voltage compare

unit and a MOSFET,
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wherein a gate of said MOSEET is coupled to an output of

said voltage compare unit; and

wherein said output of said voltage compare unit is con-
trolled to set an output voltage of said second regulator
to a predetermined voltage level by said control circuit
according to said first mode information signal.

20. A semiconductor integrated circuit according to claim

2,

wherein said second regulator includes a switch unit

which is coupled to between a voltage compare unit and

a MOSFET and

wherein said switch unit is controlled to set an output
voltage of said second vegulator to a predetermined
voltage level according to said first mode information
signal.
21. A semiconductor integrated circuit according to claim
8, further comprising:
an internal memory, and

wherein said second regulator provides said second
operation voltage to said internal memory according to
said operation mode control signal.

22. A semiconductor device comprising:

a plurality of power regulators including a first vegulator;
a power control circuit;
a plurality of circuits including a central processing unit;
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a terminal being capable of connecting to a capacitance
device; and

an internal power line comnnecting to said terminal and
said plurality of circuits,

wherein said centval processing unit is capable of issuing
a control signal to said power control circuit in accor-
dance with consumption modes of the semiconductor
device, which includes a high consumption mode and a
first low consumption mode, and

wherein said power control circuit stops said first power
regulator in accovdance with said control signal indi-
cating said first low consumption mode, and operates
said first power vegulator in accovdance with said con-
trol signal indicating said high consumption mode.

23. A semiconductor device according to claim 22,

wherein each of said power regulators is coupled to said
internal power line for supplving an operation voltage
to said plurality of circuits.

24. A semiconductor device according to claim 23,

wherein said plurality of circuits include a random access
mMemory,

wherein said consumption modes include a second low
consumption mode, and

wherein said power control circuit controls said plurality
of power regulators so as to stop supplving said opera-
tion voltage to said central processing unit and con-
tinue supplyving said operation voltage to said vandom
access memory in accorvdance with said control signal
indicating said second low consumption mode.

25. A semiconductor device according to claim 24,

wherein said plurality of power regulators include a sec-
ond register, and

wherein said power control civcuit stops said second regu-
lator in accordance with said control signal indicating
said second low consumption mode.

26. A semiconductor device according to claim 22,

wherein when said central processing unit issues said
control signal indicating said high consumption mode

dfter issuing said control signal indicating said first low
consumption mode, said power control circuit vestarts
said first power rvegulator.
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