
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
64

4 
50

5
A

1
*EP003644505A1*

(11) EP 3 644 505 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
29.04.2020 Bulletin 2020/18

(21) Application number: 19216507.4

(22) Date of filing: 24.03.2016

(51) Int Cl.:
H03K 3/353 (2006.01) G11C 11/412 (2006.01)

G11C 11/413 (2006.01) H03K 3/356 (2006.01)

H03K 5/08 (2006.01) G11C 5/14 (2006.01)

G11C 14/00 (2006.01) H03K 3/3565 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 01.04.2015 JP 2015075481

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
16772572.0 / 3 280 051

(71) Applicant: Japan Science and Technology Agency
Kawaguchi-shi
Saitama 332-0012 (JP)

(72) Inventors:  
• SUGAHARA, Satoshi

Yokohama-shi, Kanagawa 226-8503 (JP)
• YAMAMOTO, Shuichiro

Yokohama-shi, Kanagawa 226-8503 (JP)

(74) Representative: Haseltine Lake Kempner LLP
Lincoln House, 5th Floor 
300 High Holborn
London WC1V 7JH (GB)

Remarks: 
This application was filed on 16-12-2019 as a 
divisional application to the application mentioned 
under INID code 62.

(54) ELECTRONIC CIRCUIT PROVIDING DIFFERENT HYSTERESIS IN TWO OPERATION MODES

(57) Provided is an electronic circuit including: a bist-
able circuit connected between a positive power source
and a negative power source that are supplied with pow-
er-supply voltages, the bistable circuit including a first
inverter and a second inverter connected in a loop, the
first inverter and the second inverter being inverter cir-
cuits configured to switch between a first mode and a
second mode; a control circuit 20 configured to output a
first signal and a second signal to the inverter circuits,
the fist signal setting the inverter circuits in the first mode,
the second signal setting the inverter circuits in the sec-

ond mode; and a power-supply circuit 30 configured to
supply a first voltage as the power-supply voltage while
the inverter circuits are in the first mode, and supply a
second voltage higher than the first voltage as the pow-
er-supply voltage while the inverter circuits are in the sec-
ond mode, wherein the first mode is a mode that exhibits
hysteresis in a transfer characteristic and the second
mode is a mode that exhibits no hysteresis in a transfer
characteristic, and/or the first mode is a mode of which
the transfer characteristic is steeper than the transfer
characteristic of the second mode.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electronic
circuit, and for example, to an electronic circuit including
an inverter circuit.

BACKGROUND ART

[0002] A power gating (PG) technology has been pro-
posed as a technology to reduce the power consumption
of integrated circuits such as complementary metal oxide
semiconductor (CMOS) integrated circuits and the like.
One of the challenges in the power gating technology is
retaining information at the time of power shut-down. To
retain information at the time of power shut-down, using
a non-volatile circuit such as a non-volatile memory for
a memory circuit has been studied (Patent Document1).
A low-voltage driving technique has been also studied to
reduce the power consumption of the integrated circuit.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0003] Patent Document 1: International Publication
No. 2013/172066

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] However, the use of non-volatile memories for
memory circuits composed of CMOS circuits deteriorates
the performance of the system such as operating speed,
and complicates the fabrication process. The reduction
of the power-supply voltage of a logic circuit deteriorates
the circuit performance such as the variation tolerance
and the noise tolerance of the transistor, making stable
operation difficult.
[0005] The present invention has been made in view
of the above problems, and aims to reduce the power
consumption of an electronic circuit.

MEANS FOR SOLVING THE PROBLEM

[0006] The present invention is an electronic circuit
characterized by including: a bistable circuit connected
between a positive power source and a negative power
source that are supplied with power-supply voltages, the
bistable circuit including a first inverter and a second in-
verter connected in a loop, the first inverter and the sec-
ond inverter being inverter circuits configured to switch
between a first mode and a second mode; a control circuit
configured to output a first signal and a second signal to
the inverter circuits, the fist signal setting the inverter cir-
cuits in the first mode, the second signal setting the in-

verter circuits in the second mode; and a power-supply
circuit configured to supply a first voltage as the power-
supply voltage while the inverter circuits are in the first
mode, and supply a second voltage higher than the first
voltage as the power-supply voltage while the inverter
circuits are in the second mode, wherein the first mode
is a mode that exhibits hysteresis in a transfer charac-
teristic and the second mode is a mode that exhibits no
hysteresis in a transfer characteristic, and/or the first
mode is a mode of which the transfer characteristic is
steeper than the transfer characteristic of the second
mode.
[0007] In the above configuration, the electronic circuit
may be configured so that the bistable circuit retains data
and does not write or read data in the first mode, and
write and read data in the second mode.
[0008] In the above configuration, the electronic circuit
may be configured so that the power-supply circuit
switches the second voltage to the first voltage after the
control circuit has output the first signal, and switches
the first voltage to the second voltage before the control
circuit outputs the second signal.
[0009] In the above configuration, the electronic circuit
may be configured so that the inverter circuits switch
among the first mode, the second mode, and a third
mode, the third mode exhibits the hysteresis smaller than
the hysteresis of the first mode and/or has a transfer char-
acteristic steeper than the transfer characteristic of the
second mode, the control circuit outputs a third signal
setting the inverter circuits in the third mode to the inverter
circuits, and the power-supply circuit supplies a third volt-
age lower than the second voltage as the power-supply
voltage while the inverter circuits are in the third mode.
[0010] In the above configuration, the electronic circuit
may be configured to include: a switch configured to turn
on and off in synchronization with a clock signal, the
switch being located in a loop formed by the first inverter
and the second inverter; and a clock supply circuit con-
figured to supply the clock signal to the switch while the
first inverter and the second inverter are in the second
mode and not to supply the clock signal to the switch
while the first inverter and the second inverter are in the
first mode.
[0011] In the above configuration, the electronic circuit
may be configured so that each of the inverter circuits
includes: a first P-channel FET and a first N-channel FET,
a source of the first P-channel FET being coupled to the
positive power source, a source of the first N-channel
FET being coupled to the negative power source, at least
one of the first P-channel FET and the first N-channel
FET being connected in series in a plurality; an input
node to which a gate of the first P-channel FET and a
gate of the first N-channel FET are commonly coupled;
an output node to which one drain of the first P-channel
FET and one drain of the first N-channel FET are com-
monly coupled; and a second FET that is at least one of
a second P-channel FET and a second N-channel FET
that are of a conductive type identical to a conductive
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type of the at least one of the first P-channel FET and
the first N-channel FET connected in series in a plurality,
one of a source and a drain of the second FET being
coupled to an intermediate node located between a plu-
rality of first FETs, which are the at least one of the first
P-channel FET and the first N-channel FET connected
in series in a plurality, a gate of the second FET being
coupled to the output node, and another of the source
and the drain of the second FET being coupled to a con-
trol node to which the first signal and the second signal
are input.
[0012] In the above configuration, the electronic circuit
may be configured so that the control circuit outputs, as
the first signal, a low level to a control node of the second
P-channel FET and/or a high level to a control node of
the second N-channel FET, and the control circuit out-
puts, as the second signal, a high level to the control
node of the second P-channel FET and/or a low level to
the control node of the second N-channel FET.
[0013] In the above configuration, the electronic circuit
may be configured so that the first P-channel FET is con-
nected in series in a plurality and the first N-channel FET
is connected in series in a plurality, the second FET in-
cludes the second P-channel FET and the second N-
channel FET, and the control circuit outputs, as the first
signal, a low level to the control node of the second P-
channel FET and a high level to the control node of the
second N-channel FET, and outputs, as the second sig-
nal, a high level to the control node of the second P-
channel FET and a low level to the control node of the
second N-channel FET.
[0014] In the above configuration, the electronic circuit
may be configured so that the power-supply circuit in-
cludes a MOSFET connected between at least one of
the positive power source and the negative power source
and the inverter circuits.
[0015] The present invention is an electronic circuit
characterized by including: an inverter circuit including:
a first P-channel FET and a first N-channel FET, a source
of the first P-channel FET being coupled to a positive
power source, a source of the first N-channel FET being
coupled to a negative power source, the positive power
source and the negative power source being supplied
with power-supply voltages, at least one of the first P-
channel FET and the first N-channel FET being connect-
ed in series in a plurality; an input node to which a gate
of the first P-channel FET and a gate of the first N-channel
FET are commonly coupled; an output node to which one
drain of the first P-channel FET and one drain of the first
N-channel FET are commonly coupled; and a second
FET that is at least one of a second P-channel FET and
a second N-channel FET that are of a conductive type
identical to a conductive type of the at least one of the
first P-channel FET and the first N-channel FET connect-
ed in series in a plurality, one of a source and a drain of
the second FET being coupled to an intermediate node
located between a plurality of first FETs, which are the
at least one of the first P-channel FET and the first N-

channel FET connected in series in a plurality, a gate of
the second FET being coupled to the output node, and
another of the source and the drain of the second FET
being coupled to a control node; and a control circuit con-
figured to output a first signal and a second signal to a
control node of the second FET, the first signal setting
the inverter circuit in a first mode, the second signal set-
ting the inverter circuit in a second mode, wherein the
control circuit is configured to output, as the first signal,
a low level to a control node of the second P-channel
FET and/or a high level to a control node of the second
N-channel FET, and output, as the second signal, a high
level to the control node of the second P-channel FET
and/or a low level to the control node of the second N-
channel FET, and the first mode is a mode that exhibits
hysteresis in a transfer characteristic, the second mode
is a mode that exhibits no hysteresis in a transfer char-
acteristic, and/or the first mode is a mode of which the
transfer characteristic is steeper than the transfer char-
acteristic of the second mode.
[0016] In the above configuration, the electronic circuit
may be configured so that the first P-channel FET is con-
nected in series in a plurality and the first N-channel FET
is connected in series in a plurality; the second FET in-
cludes the second P-channel FET and the second N-
channel FET; and the control circuit outputs, as the first
signal, a low level to the control node of the second P-
channel FET and a high level to the control node of the
second N-channel FET, and outputs, as the second sig-
nal, a high level to the control node of the second P-
channel FET and a low level to the control node of the
second N-channel FET.
[0017] In the above configuration, the electronic circuit
may be configured to further include a power-supply cir-
cuit configured to supply a first voltage as the power-
supply voltage while the inverter circuit is in the first mode,
and supply a second voltage higher than the first voltage
as the power-supply voltage while the inverter circuit is
in the second mode.
[0018] In the above configuration, the electronic circuit
may be configured to include a logic circuit including the
inverter circuit.
[0019] The present invention is an electronic circuit
characterized by including: a bistable circuit connected
between a positive power source and a negative power
source that are supplied with power-supply voltages, the
bistable circuit including: a first inverter and a second
inverter that form a loop; and a switch that turns on and
off in synchronization with a clock signal and is located
in the loop; a clock supply circuit configured to supply the
clock signal to the switch; and a power-supply circuit con-
figured to supply a first voltage as the power-supply volt-
age while the clock supply circuit is not supplying the
clock signal, and supply a second voltage higher than
the first voltage as the power-supply voltage while the
clock supply circuit is supplying the clock signal.
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EFFECTS OF THE INVENTION

[0020] The present invention reduces the power con-
sumption of an electronic circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1A and FIG. 1B are circuit diagrams of electronic
circuits in accordance with a first embodiment;
FIG. 2A and FIG. 2B are circuit diagrams of electronic
circuits in accordance with a first variation of the first
embodiment;
FIG. 3 illustrates the transfer characteristic of an in-
verter circuit in the first variation of the first embod-
iment;
FIG. 4A and FIG. 4B are graphs of output voltage
versus time in the first variation of the first embodi-
ment;
FIG. 5A through FIG. 5E are timing diagrams in the
first variation of the first embodiment;
FIG. 6A is a circuit diagram of a memory cell of an
electronic circuit in accordance with a second em-
bodiment, and FIG. 6B is a circuit diagram of the
electronic circuit;
FIG. 7A and FIG. 7B illustrate the characteristics of
the memory cell in the second embodiment;
FIG. 8A and FIG. 8B illustrate the characteristics of
the memory cell in an inverter mode and a Schmitt
trigger mode in the second embodiment, respective-
ly;
FIG. 9A and FIG. 9B are circuit diagrams of electronic
circuits in accordance with first and second varia-
tions of the second embodiment, respectively;
FIG. 10 is a circuit diagram of an electronic circuit in
accordance with a third variation of the second em-
bodiment;
FIG. 11 is a circuit diagram of an electronic circuit in
accordance with a fourth variation of the second em-
bodiment;
FIG. 12A through FIG. 12E are timing diagrams in
the third variation of the second embodiment;
FIG. 13 is a circuit diagram of an electronic circuit in
accordance with a fifth variation of the second em-
bodiment;
FIG. 14 is a circuit diagram of an electronic circuit in
accordance with a sixth variation of the second em-
bodiment;
FIG. 15A and FIG. 15B are circuit diagrams of control
circuits of the fifth variation of the second embodi-
ment, and FIG. 15C is a timing diagram;
FIG. 16A and FIG. 16B are alternative circuit dia-
grams of the control circuits of the fifth variation of
the second embodiment, and FIG. 16C is a timing
diagram;
FIG. 17A and FIG. 17B are circuit diagrams of an
electronic circuit in accordance with a third embod-

iment;
FIG. 18 is a circuit diagram of an electronic circuit in
accordance with a first variation of the third embod-
iment;
FIG. 19A through FIG. 19C are circuit diagrams of
electronic circuits in accordance with a fourth em-
bodiment, a first variation of the fourth embodiment,
and a second variation of the fourth embodiment,
respectively;
FIG. 20 illustrates the transfer characteristic of the
inverter circuit in a fifth embodiment;
FIG. 21 is a circuit diagram of a NAND circuit to which
the fifth embodiment is adopted;
FIG. 22A is a block diagram of an electronic circuit
in accordance with a sixth embodiment, and FIG.
22B illustrates operations in each mode of the sixth
embodiment; and
FIG. 23A and FIG. 23B are circuit diagrams of elec-
tronic circuits in accordance with a seventh embod-
iment.

MODES FOR CARRYING OUT THE EMBODIMENTS

[0022] The low voltage operation in a CMOS integrated
circuit is very effective to reduce its power consumption.
Memory circuits can reduce their standby power con-
sumption, which is one of the important issues of the
memory circuits, by retaining data at a low voltage. Logic
circuits can increase their energy efficiency of computing
by performing the low voltage operation although the op-
erating speed decreases. Hereinafter, the current situa-
tion and challenges of the low voltage operation in the
memory circuit and the logic circuit will be described.
[0023] One of the important challenges of the memory
circuit is reduction of the power (standby power) con-
sumed while the memory circuit retains data and is in the
standby state. Power gating (PG) has been widely used
as a standby power reduction technology in CMOS inte-
grated circuits. However, in logic systems such as micro-
processors, a volatile memory circuit is typically used in
an area (a power domain) in which a power supply is shut
off by PG. Thus, retention of the data in the power domain
is an important challenge in PG.
[0024] A method of retaining data while keeping the
supply voltage low to the extent that the data in the mem-
ory circuit is not lost (e.g., approximately 80% of the pow-
er-supply voltage) has been used for memory circuits
composed of a static random access memory (SRAM)
or the like. This method is effective to reduce standby
power consumption, but is not as effective as the shut-
off of the power supply because the voltage for retaining
data cannot be drastically reduced. Therefore, this meth-
od does not reduce standby power consumption as much
as original PG.
[0025] To perform effective PG for the memory circuit,
retaining data with a non-volatile memory has been re-
cently studied. This technique allows the data to be re-
tained even when the power supply is shut off. Thus, PG
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with complete shut-off of the power supply can be per-
formed, and the standby power consumption of the mem-
ory circuit is therefore reduced more. However, the de-
terioration of the circuit performance due to the use of
the non-volatile memory becomes an issue. Thus, tech-
niques including introduction of a non-volatile memory
circuit capable of separating between memory operation
without a non-volatile memory and non-volatile retention
have been attempted. However, the mix of a non-volatile
memory and a CMOS logic circuit has many issues in-
cluding, for example, the complication of the fabrication
process and the resultant increase in production cost,
and therefore is not achieved yet.
[0026] A memory circuit using a bistable circuit com-
posed of a Schmitt trigger inverter can retain data at a
very low voltage (for example, 0.3 V or less). Thus, the
standby power consumption can be greatly reduced to
almost the same level as the power consumption ob-
tained by shutting off the power supply. However, prob-
lems including the deterioration of the circuit performance
such as decrease in its operating speed arise because
of the structure of the Schmitt trigger inverter.
[0027] Thus, to greatly reduce the standby power con-
sumption of the memory circuit, the memory circuit is
demanded to retain data at a very low voltage (for exam-
ple, at a virtual power source voltage generated when
the power switch of the power domain is turned off, typ-
ically approximately 0.2 to 0.3 V) and operate at speed
as sufficiently high as a conventional memory circuit (an
SRAM or a flip-flop) in typical memory operations such
as writing and/or reading.
[0028] A description will next be given of the current
situation and challenges of the low voltage operation of
the logic circuit. In recent years, ultra-low power con-
sumption techniques have become more important be-
cause logic systems used for wearable devices need to
be highly energy-efficient. The wearable device is also
called an "always-on" device. To reduce the power con-
sumption of the wearable devices, important are maxi-
mizing the energy efficiency of arithmetic processing and
minimizing wasteful energy consumption.
[0029] Generally, the power consumption of the CMOS
logic is reduced with reduction of the power-supply volt-
age. However, the energy consumption does not monot-
onically decrease with reduction of the power-supply volt-
age. When the power-supply voltage is reduced to a cer-
tain voltage, the energy consumption reaches the mini-
mum value, and then rather increases as the voltage de-
creases. This is because as the voltage decreases, the
operating speed of the CMOS rapidly decreases and the
standby (static) energy consumed during the elongated
operating time increases.
[0030] Information processing running in the back-
ground of the wearable device does not need to be high-
speed computing. Thus, operations at a low voltage that
minimize the energy consumption is considered impor-
tant for the background computing. However, the voltage
at which the energy has the minimum value is very low,

approximately 0.3 to 0.5V. Thus, noise and variations in
elements make the stable operation of the logic system
difficult. In addition, normal voltage (full swing) operations
not executed in the background require information
processing at speed as high as smartphones.
[0031] Therefore, logic systems such as wearable de-
vices are demanded to achieve: high energy efficiency
and stable operation at a low voltage at which the energy
has the minimum value, and high-speed computing at a
normal voltage.
[0032] Embodiments described hereinafter provide
memory circuits that operate at high speed during the
drive at a normal voltage and retain data at a very low
voltage with use of a memory circuit using an inverter
circuit capable of operating in a Schmitt trigger inverter
mode (also called a Schmitt trigger mode) and a normal
inverter mode.
[0033] In addition, provided are logic circuits that
achieve low voltage operation with high energy efficiency
and high-speed operation during the drive at a normal
voltage with use of a logic circuit using the inverter circuit
capable of operating in the Schmitt trigger mode and nor-
mal inverter mode.

First Embodiment

[0034] FIG. 1A and FIG. 1B are circuit diagrams of elec-
tronic circuits in accordance with a first embodiment. As
illustrated in FIG. 1A, an electronic circuit 100 includes
an inverter circuit 10, a control circuit 20, and a power-
supply circuit 30. The inverter circuit 10 includes an input
node Nin, an output node Nout, intermediate nodes Nm1
and Nm2, and field effect transistors (FETs) 11 through
16. The FETs 11, 12, and 15 are P-channel FETs. The
FETs 11 and 12 are first P-channel FETs, and the FET
15 is a second P-channel FET. The FETs 13, 14, and 16
are N-channel FETs. The FETs 13 and 14 are first N-
channel FETs, and the FET 16 is a second N-channel
FET. The FETs 15 and 16 can function as feedback tran-
sistors to an inverter formed by the FETs 11 through 14.
[0035] A plurality of the FETs 11 through 14 are con-
nected in series between a power-supply line 36 and a
ground line 38. The source of the FET 11 is coupled to
the power-supply line 36, and the source of the FET 14
is coupled to the ground line 38. The drain of the FET 11
and the source of the FET 12 are coupled to the inter-
mediate node Nm1. The source of the FET 13 and the
drain of the FET 14 are coupled to the intermediate node
Nm2. The drains of the FETs 12 and 13 are commonly
coupled to the output node. The gates of the FETs 11
through 14 are commonly coupled to the input node Nin.
[0036] One of the source and the drain of the FET 15
is coupled to the intermediate node Nm1, and the other
of the source and the drain is coupled to a control node
NFP. One of the source and the drain of the FET 16 is
coupled to the intermediate node Nm2, the gate is cou-
pled to the output node Nout, and the other of the source
and the drain is coupled to a control node NFN.
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[0037] The control circuit 20 applies a voltage VFP to
the control node NFP and a voltage VFN to the control
node NFN. The voltages VFP and VFN are set at a high
level or a low level. When the control circuit 20 outputs
the voltage VFP of high level and the voltage VFN of low
level, the inverter circuit 10 operates as a typical inverter.
This mode will be called an inverter mode. When the
control circuit 20 outputs the voltage VFP of low level and
the voltage VFN of high level, the inverter circuit 10 op-
erates as a Schmitt trigger inverter. This mode will be
called a Schmitt trigger mode. The high level corresponds
to the voltage of the power-supply line 36, and the low
level corresponds to the voltage of the ground line 38,
for example. It is only required that the high level is greater
than the low level in voltage in the inverter mode.
Additionally, it is only required that the high level is greater
than the low level in voltage also in the Schmitt trigger
mode. The high level in the inverter mode may be the
same as or different from the high level in the Schmitt
trigger mode. The low level in the inverter mode may be
the same as or different from the low level in the Schmitt
trigger mode. For example, the high level may corre-
spond to a power-supply voltage VDD supplied from a
power source (see, for example, FIG. 17A), and the low
level may correspond to a ground voltage.
[0038] The power-supply circuit 30 supplies a power-
supply voltage between the power-supply line 36 and the
ground line 38. The power-supply circuit 30 generates a
virtual power-supply voltage VVDD from, for example the
power-supply voltage supplied to the electronic circuit,
and supplies the virtual power-supply voltage VVDD to
the power-supply line 36. The power-supply circuit 30
switches between a first voltage and a second voltage
higher than the first voltage as the virtual power-supply
voltage VVDD. The power-supply circuit 30 is, for exam-
ple, a power switch described later, a voltage regulator,
or a direct current-direct current (DC-DC) converter.
[0039] In FIG. 1A, the power-supply circuit 30 is cou-
pled to the power-supply line 36, sets the virtual power-
supply voltage VVDD of the power-supply line 36 low
when setting the power-supply voltage supplied between
the power-supply line 36 and the ground line 38 low, and
sets the virtual power-supply voltage VVDD high when
setting the power-supply voltage high. As illustrated in
FIG. 1B, the power-supply circuit 30 may be coupled to
the ground line 38, set a virtual ground voltage VGND of
the ground line 38 high when setting the power-supply
voltage supplied between the power-supply line 36 and
the ground line 38 low, and set the virtual ground voltage
VGND low when setting the power-supply voltage high.
The power-supply circuit 30 may switch both the virtual
power-supply voltage VVDD and the virtual ground volt-
age VGND.
[0040] FIG. 2A and FIG. 2B are circuit diagrams of elec-
tronic circuits in accordance with a first variation of the
first embodiment. As illustrated in FIG. 2A, in an elec-
tronic circuit 100a, the control circuit 20 includes inverters
22 and 24. A control signal CTRL is input to the input

node of the inverter 24. The output node of the inverter
24 is coupled to the control node NFP. The input node
of the inverter 22 is coupled to the output node of the
inverter 24, and the output node of the inverter 22 is cou-
pled to the control node NFN. The inverters 22 and 24
are supplied with the virtual power-supply voltage VVDD.
Other structures are the same as those in FIG. 1A, and
the description thereof is thus omitted. The inverter circuit
10 is set in the Schmitt trigger mode when the control
signal CTRL is at a high level, while the inverter circuit
10 is set in the inverter mode when the control signal
CTR is at a low level.
[0041] As illustrated in FIG. 2B, in an electronic circuit
100b, the output node of the inverter 24 is coupled to the
control node NFN. The input node of the inverter 22 is
coupled to the output node of the inverter 24, and the
output node of the inverter 22 is coupled to the control
node NFP. The inverter circuit 10 is set in the Schmitt
trigger mode when the control signal CTRL is at a low
level, while the inverter circuit 10 is set in the inverter
mode when the control signal CTRL is at a high level. As
illustrated in FIG. 2A, the control signal CTRL may be
input from the control node NFP side. Alternatively, as
illustrated in FIG. 2B, the control signal CTRL may be
input from the control node NFN side.
[0042] Inverter characteristics were simulated using
the electronic circuit 100a illustrated in FIG. 2A. FIG. 3
illustrates the transfer characteristic of the inverter circuit
in the first variation of the first embodiment. The solid line
indicates the transfer characteristic of the inverter mode
when the control signal CTRL is at a low level. The
dashed line indicates the transfer characteristic of the
Schmitt trigger mode when the control signal CTRL is at
a high level. As illustrated in FIG. 3, in the inverter mode,
the FET 15 pushes up the intermediate node Nm1 to a
high level, while the FET 16 pushes down the interme-
diate node Nm2 to a low level. Accordingly, the inverter
circuit exhibits no hysteresis of the transfer characteristic,
thus operating as a typical inverter. In the Schmitt trigger
mode, the FETs 15 and 16 positively feedback the signal
of the output node Nout to the intermediate nodes Nm1
and Nm2, respectively. Accordingly, hysteresis is gener-
ated in the transfer characteristic. In addition, an output
voltage Vout rapidly changes from a high level to a low
level and from the low level to the high level. Thus, in the
Schmitt trigger mode, the inverter circuit 10 stably oper-
ates even while the virtual power-supply voltage VVDD
is low.
[0043] FIG. 4A and FIG. 4B are graphs of output volt-
age versus time in the first variation of the first embodi-
ment. Chain lines indicate an input voltage Vin, dotted
lines indicate an inverter without the FETs 15 and 16,
solid lines indicate the inverter mode, and dashed lines
indicate the Schmitt trigger mode. FIG. 4A illustrates a
case where the input voltage Vin is switched from a low
level to a high level, and FIG. 4B illustrates a case where
the input voltage Vin is switched from a high level to a
low level. As illustrated in FIG. 4A and FIG. 4B, in the
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Schmitt trigger mode, the output voltage Vout switches
more slowly than that of the inverter. In the inverter mode,
since the FETs 15 and 16 assist pull-up and pull-down,
the output voltage Vout switches as fast as that of the
inverter. As described above, the operating speed is slow
in the Schmitt trigger mode, while high-speed operation
is achievable in the inverter mode.
[0044] FIG. 5A through FIG. 5E are timing diagrams in
the first variation of the first embodiment. FIG. 5A illus-
trates the voltages VFN and VFP of the control nodes
NFN and NFP with respect to time, FIG. 5B illustrates
the control signal CTRL and the virtual power-supply volt-
age VVDD with respect to time, FIG. 5C illustrates the
output voltage Vout and the input voltage Vin with respect
to time, FIG. 5D illustrates through-current due to switch-
ing of the inverter circuits 10 and the inverters 22 and 24
with respect to time, and FIG. 5E illustrates current con-
sumption with respect to time. In FIG. 5E, the transient
response when each voltage has switched is not accu-
rate for convenience of the simulation, but the current
value after each voltage has stabilized is accurate.
[0045] In FIG. 5B, the period during which the control
signal CTRL is at a high level corresponds to the Schmitt
trigger mode, while the period during which the control
signal CTRL is at a low level corresponds to the inverter
mode. In the inverter mode, as illustrated in FIG. 5A, the
voltage VFP is at a high level, and the voltage VFN is at
a low level. As illustrated in FIG. 5C, the output voltage
Vout is at a high level when the input voltage Vin is at a
low level, while the output voltage Vout is at a low level
when the input voltage Vin is at a high level. As illustrated
in FIG. 5D, through-current flows when the output of the
inverter circuit 10 and the inverters 22 and 24 switches.
As illustrated in FIG. 5E, the current consumption is 229
nA.
[0046] In the Schmitt trigger mode, as illustrated in FIG.
5B, the virtual power-supply voltage VVDD was sequen-
tially changed from 1.2 V to 0.8 V and 0.3 V. A voltage
of 1.2 V corresponds to the virtual power-supply voltage
VVDD at which the inverter circuit 10 normally operates.
A voltage of 0.8 V corresponds to the virtual power-supply
voltage VVDD for operating the inverter in a so-called
sleep mode. A voltage of 0.3 V corresponds to the virtual
power-supply voltage VVDD at which a typical inverter
does not operate. As illustrated in FIG. 5A and FIG. 5C,
the voltage VFN and the output voltage Vout decrease
with decrease in the virtual power-supply voltage VVDD.
As illustrated in FIG. 5E, the current consumption is 67
nA when the virtual power-supply voltage VVDD is 0.8
V, while the current consumption is 8 nA when the virtual
power-supply voltage VVDD is 0.3 V. Therefore, the pow-
er consumption is reduced by setting the virtual power-
supply voltage VVDD low (for example, 0.3V) in the Sch-
mitt trigger mode. For example, high-speed operation is
achieved by setting the virtual power-supply voltage
VVDD at 1.2 V in the inverter mode, while the power
consumption is reduced by setting the virtual power-sup-
ply voltage VVDD at 0.3 V in the Schmitt trigger mode.

The power consumption when the virtual power-supply
voltage VVDD is decreased to 0.3 V in the Schmitt trigger
mode is a small percent of the power consumption when
the virtual power-supply voltage VVDD is set at 1.2 V in
the inverter mode. In addition, the power consumption is
reduced compared to the power consumption in the sleep
mode of a typical inverter. Furthermore, the low voltage
operation is achievable.
[0047] In the first embodiment, the inverter circuit 10
is connected between a power-supply line (a positive
power source) and a ground line (a negative power
source) that are supplied with power-supply voltages,
and switches between the Schmitt trigger mode (a first
mode) and the inverter mode (a second mode). The con-
trol circuit 20 outputs a first signal setting the inverter
circuit 10 in the Schmitt trigger mode, and a second signal
setting the inverter circuit 10 in the inverter mode. The
power-supply circuit 30 supplies a first voltage as the
power-supply voltage while the Schmitt trigger mode is
set, and a second voltage higher than the first voltage
while the inverter mode is set. This configuration allows
the inverter circuit 10 to operate in the inverter mode and
the Schmitt trigger mode. In the inverter mode, the in-
verter circuit 10 can operate at high speed. In the Schmitt
trigger mode, the inverter circuit 10 has a steep transfer
characteristic having hysteresis that allows the inverter
circuit 10 to operate even at a low power-supply voltage,
and the power consumption is thus reduced. It is only
required that the first mode is a mode that exhibits hys-
teresis in its transfer characteristic and the second mode
is a mode that exhibits no hysteresis in its transfer char-
acteristic, and/or that the change of the output voltage
with respect to the input voltage of the transfer charac-
teristic in the first mode is steeper than that in the second
mode. For example, in the memory circuit, hysteresis is
preferably large and steep in the Schmitt trigger mode.
In the logic circuit, the transfer characteristic in the Sch-
mitt trigger mode is preferably steeper than that in the
inverter mode.
[0048] The circuit structure of the inverter circuit 10 is
not limited to FIG. 1A or FIG. 1B. It is only required that
the inverter circuit 10 is a circuit of which the presence
or absence of the hysteresis of the transfer characteristic
is switched by the signal from the control circuit 20. For
example, it is only required that the FETs 15 and 16 are
feedback circuits that respectively feedback the signal of
the output node Nout to the FETs 11 and 12 and the
FETs 13 and 14 according to the first signal and the sec-
ond signal input from the control circuit 20. In the inverter
circuit 10 having the circuit structures illustrated in FIG.
1A and FIG. 1B, the control circuit 20 switches between
the high level and the low level of the voltage and outputs
the resultant voltage to the control nodes NFP and NFN
of the FETs 15 and 16 as the first signal and the second
signal. This configuration allows switching of the pres-
ence and absence of the hysteresis in the transfer char-
acteristic of the inverter circuit 10.
[0049] The control circuit 20 outputs, as the second
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signal setting the inverter mode, a high level to the control
node NFP of the FET 15 and a low level to the control
node NFN of the FET 16. In addition, the control circuit
20 outputs, as the first signal setting the Schmitt trigger
mode, a low level to the control node NFP of the FET 15
and a high level to the control node NFN of the FET 16.
This configuration allows the FETs 15 and 16 to set the
inverter circuit 10 in the inverter mode when the second
signal is input to the control nodes NFP and NFN and set
the inverter circuit 10 in the Schmitt trigger mode when
the first signal is input to the control nodes NFP and NFN.
[0050] Furthermore, the control circuit 20 includes the
inverter (an inverting circuit) 22 connected between the
control node NFP of the FET 15 and the control node
NFN of the FET 16. This configuration allows the control
circuit 20 to easily invert the voltages of the control nodes
NFP and NFN.
[0051] In the simulation, the power-supply voltages of
the inverters 22 and 24 were set at the virtual power-
supply voltage VVDD, but may be set at freely-selected
power-supply voltages. The control circuit 20 may gen-
erate the first signal and the second signal without using
the inverters 22 and 24. For example, the control circuit
20 may be a circuit that combines logical gates such as
NAND circuits and/or NOR circuits.
[0052] As illustrated in FIG. 5B, the power-supply cir-
cuit 30 switches the virtual power-supply voltage VVDD
from the second voltage, which is high, to the first voltage,
which is low, after the control circuit 20 has output the
first signal that sets the inverter circuit 10 in the Schmitt
trigger mode. The power-supply circuit 30 switches the
virtual power-supply voltage VVDD from the first voltage,
which is low, to the second voltage, which is high, before
the control circuit 20 outputs the second signal that sets
the inverter circuit 10 in the inverter mode. This configu-
ration stably operates the inverter circuit 10 while the
virtual power-supply voltage VVDD is set at the first volt-
age, which is low. For example, in a second embodiment
described later, a bistable circuit stably retains data. The
transfer characteristic of the inverter mode may be a
transfer characteristic with narrow hysteresis. It is only
required that there is substantially no hysteresis. For ex-
ample, it is only required that hysteresis is not purpose-
fully formed unlike the Schmitt trigger mode.

Second Embodiment

[0053] The second embodiment is an exemplary mem-
ory circuit using the inverter circuit of the first embodi-
ment. FIG. 6A is a circuit diagram of a memory cell of an
electronic circuit in accordance with the second embod-
iment, and FIG. 6B is a circuit diagram of the electronic
circuit. As illustrated in FIG. 6A, an electronic circuit 104
includes a memory cell 102, the control circuit 20, and
the power-supply circuit 30. The memory cell 102 in-
cludes inverter circuits 10a and 10b and FETs 41 and
42. Each of the inverter circuits 10a and 10b is the inverter
circuit 10 of the first embodiment. The inverter circuits

10a and 10b are coupled in a loop to form a bistable
circuit 40. That is, the output node Nout of the inverter
circuit 10a is coupled to the input node Nin of the inverter
circuit 10b, and the output node Nout of the inverter circuit
10b is coupled to the input node Nin of the inverter circuit
10a. The output nodes Nout of the inverter circuits 10a
and 10b respectively correspond to memory nodes N2
and N1. The FETs 41 and 42 are N-channel FETs. One
of the source and the drain of the FET 41 is coupled to
the memory node N2, the other of the source and the
drain is coupled to a bit line BL, and the gate is coupled
to a word line WL. One of the source and the drain of the
FET 42 is coupled to the memory node N1, the other of
the source and the drain is coupled to a bit line BLB, and
the gate is coupled to the word line WL.
[0054] As illustrated in FIG. 6B, the electronic circuit
104 includes a memory region 70, a column driver 71, a
row driver 72, and a controller 73. The memory cells 102
are arranged in a matrix form within the memory region
70. The column driver 71 selects a column according to
an address signal, and applies a voltage or the like to the
bit lines BL and BLB of the selected column. The row
driver 72 selects a row according to an address signal,
and applies a voltage to the word line WL of the selected
row and the voltages VFP and VFN to the control lines
of the selected row. The controller 73 controls the column
driver 71 and the row driver 72. For example, the con-
troller 73 uses a read circuit and a write circuit (not illus-
trated) to write data in and read data from the memory
cell 102 selected by the word line WL and the bit lines
BL and BLB.
[0055] The functions of the control circuit 20 and the
power-supply circuit 30 are the same as those of the first
embodiment and the variation thereof. The control circuit
20 may be provided with respect to each row or with
respect to each memory cell 102. For simplification, the
control circuit 20 is preferably provided with respect to
each row. The power-supply circuit 30 may be shared by
the memory cells 102 within the memory region 70. Al-
ternatively, the memory region 70 may be divided into a
plurality of regions, and the power-supply circuit 30 may
be provided with respect to each divided region. For ex-
ample, the power-supply circuit 30 may be provided with
respect to each row.
[0056] The characteristics of the memory cell 102 were
simulated. FIG. 7A and FIG. 7B illustrate the character-
istics of the memory cell in the second embodiment, and
are graphs of voltage V2 of the memory node N2 versus
voltage V1 of the memory node N1. FIG. 7A illustrates a
case where the memory node N2 was initially at a mem-
ory point (that is, the memory node N2 is at a high level).
FIG. 7B illustrates a case where the memory node N1
was initially at a memory point (that is, the memory node
N1 is at a high level). The simulation was conducted un-
der the assumption that the virtual power-supply voltage
VVDD is 0.3 V.
[0057] As illustrated in FIG. 7A and FIG. 7B, in the in-
verter mode, the characteristics are symmetrical in the
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memory nodes N1 and N2. On the other hand, in the
Schmitt trigger mode, the aperture at the memory point
side of the butterfly curves is greater. This is because
the transfer characteristic of the inverter circuit 10 has
hysteresis in the Schmitt trigger mode as illustrated in
FIG. 3. Furthermore, the aperture of the butterfly curves
has a shape similar to a square shape. This is because
the output voltage Vout rapidly changes with respect to
the input voltage Vin as illustrated in FIG. 3. The length
of the side of the square that fits in the aperture corre-
sponds to a noise margin. That is, a larger square rep-
resents a larger noise margin. The square defined by a
solid line 80 represents the noise margin in the inverter
mode, and the square defined by a dashed line 82 rep-
resents the noise margin in the Schmitt trigger mode in
FIG. 7B. In the inverter mode, when the virtual power-
supply voltage VVDD is set at 0.3 V, the noise margin is
small. Thus, when the virtual power-supply voltage
VVDD is set at 0.3 V, the data in the memory nodes N1
and N2 is not stably retained. In the Schmitt trigger mode,
even when the virtual power-supply voltage VVDD is set
at 0.3 V, the noise margin is two times larger. Thus, even
when the virtual power-supply voltage VVDD is set at 0.3
V, the data in the memory nodes N1 and N2 is retained
more stably.
[0058] FIG. 8A and FIG. 8B illustrate the characteris-
tics of the memory cell in the inverter mode and the Sch-
mitt trigger mode in the second embodiment, respective-
ly. As illustrated in FIG. 8A, in the inverter mode, as the
virtual power-supply voltage VVDD is reduced to 0.3V,
0.2 V, and 0.15 V, the noise margin decreases. As illus-
trated in FIG. 8B, in the Schmitt trigger mode, the noise
margins at the memory point side at 0.3 V, 0.2 V, and
0.15 V of the virtual power-supply voltage VVDD are
greater than those in the inverter mode. At any virtual
power-supply voltage VVDD, the shape of the noise mar-
gin is closer to a rectangular shape than that in the in-
verter mode.
[0059] In the second embodiment, the electronic circuit
104 includes the bistable circuit 40 including the inverter
circuit 10a (a first inverter) and the inverter circuit 10b (a
second inverter) connected in a loop. This structure al-
lows the data in the bistable circuit 40 to be stably retained
even when the virtual power-supply voltage VVDD is set
low in the Schmitt trigger mode. The retention of data at
the low virtual power-supply voltage VVDD reduces the
standby power consumption during the data retention.
High-speed operation is achievable by setting the virtual
power-supply voltage VVDD high in the inverter mode.
[0060] FIG. 9A and FIG. 9B are circuit diagrams of elec-
tronic circuits in accordance with first and second varia-
tions of the second embodiment, respectively.
[0061] As illustrated in FIG. 9A, in an electronic circuit
104a, the inverter circuits 10a and 10b do not include the
FET 12 or 15. The control circuit 20 includes an inverter
26. The output of the control circuit 20 is coupled to the
control nodes NFN of the inverter circuits 10a and 10b.
Other structures are the same as those of the second

embodiment, and the description thereof is thus omitted.
As illustrated in FIG. 9B, in an electronic circuit 104b, the
inverter circuits 10a and 10b do not include the FET 13
or 16. The output of the control circuit 20 is coupled to
the control nodes NFP of the inverter circuits 10a and
10b. Other structures are the same as those of the sec-
ond embodiment, and the description thereof is thus omit-
ted. In the first and second variations of the second em-
bodiment, the inverter 26 may be omitted, and the control
signal CTRL may be directly input to the control node
NFN or NFP.
[0062] As in the first and second variations of the sec-
ond embodiment, one of the P-channel FET and the N-
channel FET may be connected in a plurality, and the
other may be one. It is only required that the FET 15 or
16 is coupled to only the FET connected in a plurality.
As described above, even when the feedback circuit
feeds back the Vout to one of the P-channel FET and the
N-channel FET, switching between the inverter mode
and the Schmitt trigger mode is possible.
[0063] Third and fourth variations of the second em-
bodiment are exemplary latch circuits. FIG. 10 is a circuit
diagram of an electronic circuit in accordance with the
third variation of the second embodiment. As illustrated
in FIG. 10, an electronic circuit 106a includes the bistable
circuit 40, pass gates 44 and 45, the control circuit 20,
the power-supply circuit 30, and a clock supply circuit 46.
The bistable circuit 40 includes the inverter circuits 10a
and 10b connected in a loop. The pass gate 44 is con-
nected between the memory node N1 of the bistable cir-
cuit 40 and an input node Din. The pass gate 45 is con-
nected in the loop. The control circuit 20 respectively ap-
plies the voltages VFP and VFN to the control nodes NFP
and NFN in the inverter circuits 10a and 10b. The power-
supply circuit 30 supplies the virtual power-supply volt-
age VVDD to the power-supply line 36. The clock supply
circuit 46 includes inverters 47 and 48. The clock supply
circuit 46 generates from a clock signal CLK clocks C
and CB, and supplies the clocks C and CB to the pass
gates 44 and 45.
[0064] FIG. 11 is a circuit diagram of an electronic cir-
cuit in accordance with the fourth variation of the second
embodiment. As illustrated in FIG. 11, in an electronic
circuit 106b, the pass gate 44 is replaced by a circuit 44a
in which FETs 61 through 64 are connected in series
between the power source and a ground. The FETs 61
and 62 are P-channel FETs, and the FETs 63 and 64 are
N-channel FETs. The gates of the FETs 61 and 64 are
coupled to the input node Din. The clocks CB and C are
respectively input to the gates of the FETs 62 and 63.
The clocks CB and C may be respectively input to the
gates of the FETs 61 and 64 instead of the FETs 62 and
63, and the gates of the FETs 62 and 63 may be coupled
to the input node Din. The drains of the FETs 62 and 63
are coupled to the memory node N1. The clocks C and
CB are respectively input to the gates of the FETs 12 and
13 of the inverter circuit 10b. The clocks C and CB may
be respectively input to the gates of the FETs 11 and 14
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instead of the FETs 12 and 13 of the inverter circuit 10b,
and the gates of the FETs 12 and 13 may be coupled to
the memory node N2. Other structures are the same as
those of the third variation of the second embodiment,
and the description thereof is thus omitted. As in the third
and fourth variations of the second embodiment, the in-
verter circuit according to any one of the first embodiment
and the variations thereof can be adopted to the latch
circuit.
[0065] FIG. 12A through FIG. 12E are timing diagrams
in the third variation of the second embodiment. FIG. 12A
illustrates the voltages VFN and VFP of the control nodes
NFN and NFP with respect to time, FIG. 12B illustrates
the control signal CTRL, the clock signal CLK, and the
virtual power-supply voltage VVDD with respect to time,
FIG. 12C illustrates the voltages V1 and V2 of the mem-
ory nodes N1 and N2 with respect to time, FIG. 12D il-
lustrates the through-current from the power-supply line
36 to the ground line 38 with respect to time, and FIG.
12E illustrates current consumption with respect to time.
In FIG. 12E, the transient response when each voltage
has switched is not accurate for convenience of the sim-
ulation, but the current values after each voltage has sta-
bilized are accurate.
[0066] In the inverter mode, the current consumption
is 188 nA as illustrated in FIG. 12E. In the Schmitt trigger
mode, as illustrated in FIG. 12B, when the virtual power-
supply voltage VVDD is switched from 1.2 V to 0.3 V, the
voltage VFN and the voltage V2 become low as illustrated
in FIG. 12A and FIG. 12C. As illustrated in FIG. 12E,
when the virtual power-supply voltage VVDD is 0.3 V,
the current consumption is 5.5 nA. As described above,
the power consumption is reduced by setting the Schmitt
trigger mode and setting the virtual power-supply voltage
VVDD low. The control circuit 20 and the clock supply
circuit 46 may be provided with respect to each latch
circuit, or each group of a plurality of latch circuits.
[0067] Fifth and sixth variations of the second embod-
iment are exemplary master-slave flip-flop circuits. FIG.
13 is a circuit diagram of an electronic circuit in accord-
ance with the fifth variation of the second embodiment.
As illustrated in FIG. 13, an electronic circuit 115 includes
latch circuits (D latch circuits) 97 and 98. The latch circuit
97 includes the bistable circuit 40 and the pass gates 44
and 45 that are the same as those of the second embod-
iment. Signals output from the memory node N1 become
QB signals through an inverter 91. Signals output from
the memory node N2 become Q signals through an in-
verter 92. The memory node N1 is coupled to the latch
circuit 98 through the pass gate 45.
[0068] The latch circuit 98 includes a bistable circuit
90a, and pass gates 95 and 96. In the bistable circuit
90a, typical inverters 99a and 99b incapable of switching
modes are connected in a loop. The pass gate 96 is con-
nected in the loop of the bistable circuit 90a. Data D is
input to the bistable circuit 90a through an inverter 93
and the pass gate 95. The latch circuits 97 and 98 and
the clock supply circuit 46 are coupled to the power-sup-

ply line 36 and the ground line 38. The power-supply line
36 is supplied with the virtual power-supply voltage
VVDD or the power-supply voltage VDD, while the
ground line 38 is supplied with the virtual ground voltage
VGND or a ground voltage GND. The control circuit 20
is supplied with voltages VA and VB. The VA is, for ex-
ample, the virtual power-supply voltage VVDD or the
power-supply voltage VDD, while the VB is, for example,
the virtual ground voltage VGND or the ground voltage
GND The VA and the VB may be other two voltages or
other three voltages.
[0069] As in the fifth variation of the second embodi-
ment, the latch circuit according to the third or fourth var-
iation of the second embodiment can be adopted to the
latch circuit 97 that is a master-slave flip-flop circuit. Ac-
cordingly, by setting the inverter circuits 10a and 10b in
the Schmitt trigger mode, the data in the latch circuit 97
is retained even when the voltage supplied between the
power-supply line 36 and the ground line 38 is set low.
To retain data, it is only required that the latch circuit 97
retains the data. Thus, the inverters 99a and 99b of the
latch circuit 98 may be typical inverter circuits that do not
operate in the Schmitt trigger mode.
[0070] FIG. 14 is a circuit diagram of an electronic cir-
cuit in accordance with a sixth variation of the second
embodiment. As illustrated in FIG. 14, in an electronic
circuit 116, each of the inverter circuits 10a and 10b used
in a bistable circuit 90 of the latch circuit 98 is the inverter
circuit according to any one of the first embodiment and
the variations thereof. Other structures are the same as
those of the fifth variation of the second embodiment,
and the description thereof is thus omitted.
[0071] In the sixth variation of the second embodiment,
all the inverter circuits 10a and 10b of the bistable circuits
40 and 90 of the latch circuits 97 and 98 are the inverter
circuits according to any one of the first embodiment and
the variations thereof. Accordingly, the electronic circuit
116 stably operates at a low voltage in the Schmitt trigger
mode as described later in a fifth embodiment.
[0072] A description will be given of a case where the
control signal CTRL is synchronized with the clock signal
CLK in the fifth variation of the second embodiment. FIG.
15A and FIG. 15B are circuit diagrams illustrating control
circuits of the fifth variation of the second embodiment,
and FIG. 15C is a timing diagram. As illustrated in FIG.
15A, a control circuit 117 includes the power-supply cir-
cuit 30, the clock supply circuit 46, and the control circuit
20. A power switch 32 described in later in a third em-
bodiment is used as the power-supply circuit 30. The
power switch 32 is a P-channel FET, and is connected
between the power-supply line 36 with the virtual power-
supply voltage VVDD and the power source with the pow-
er-supply voltage VDD. The virtual power-supply voltage
VVDD is coupled to the clock supply circuit 46 and the
control circuit 20. An enable signal EN and a power gating
complementary signal PGB are input to a NOR circuit
74, and the output of the NOR circuit 74 becomes a power
switch control signal VPS. The clock supply circuit 46
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includes a NAND circuit 48a, and the enable signal EN
and the clock signal CLK are input to the NAND circuit
48a. The enable signal EN is input to the inverter 24 of
the control circuit 20. Other structures of the control circuit
20 and the clock supply circuit 46 are the same as those
of the second embodiment, and the description thereof
is thus omitted.
[0073] As illustrated in FIG. 15B, a control circuit 117a
does not include the NOR circuit 74. The power gating
signal PG is input to the gate of the power switch 32 as
the power switch control signal VPS. The enable signal
EN is input to the NAND circuit 48a and the inverter 24.
Other structures are the same as those illustrated in FIG.
15A, and the description thereof is thus omitted.
[0074] As illustrated in FIG. 15C, while the enable sig-
nal EN and the power gating complementary signal PGB
are at a high level (or while the power switch control signal
VPS is at a low level), the clock supply circuit 46 supplies
the clocks C and CB, and the control circuit 20 outputs
a signal setting the inverter mode (i.e., the voltage VFP
of high level and the voltage VFN of low level). The power
switch 32 is on, and the virtual power-supply voltage
VVDD is at a high voltage.
[0075] At time t1, the enable signal EN becomes at a
low level. The clock supply circuit 46 stops supplying the
clocks C and CB. The control circuit 20 outputs a signal
setting the Schmitt trigger mode (i.e., the voltage VFP of
low level and the voltage VFN of high level). This process
sets the inverter circuits 10a and 10b of the bistable circuit
40 in the Schmitt trigger mode. At time t2, the power
gating complementary signal PGB becomes at a low level
(or the power switch control signal VPS becomes at a
high level). Accordingly, the power switch 32 is turned
off, and a low voltage is supplied as the virtual power-
supply voltage VVDD. The latch circuit 97 retains data
at a low voltage.
[0076] At time t3, the power gating complementary sig-
nal PGB becomes at a high level (or the power switch
control signal VPS becomes at a low level). Accordingly,
the power switch 32 turns on, and the virtual power-sup-
ply voltage VVDD becomes a high voltage. At time t4,
the enable signal EN becomes at a high level. The clock
supply circuit 46 starts supplying the clocks C and CB.
The control circuit 20 supplies a signal setting the inverter
mode (the voltages VFP and VFN).
[0077] FIG. 16A and FIG. 16B are alternative circuit
diagrams of the control circuits of the fifth variation of the
second embodiment, and FIG. 16C is a timing diagram.
As illustrated in FIG. 16A, in a control circuit 118, the
power switch 32 is an N-channel FET, and is connected
between the ground line 38 and the ground voltage GND.
Instead of the NOR circuit 74, an OR circuit 75 is provided.
Other structures are the same as those illustrated in FIG.
15A, and the description thereof is thus omitted.
[0078] As illustrated in FIG. 16B, a control circuit 118a
does not include the OR circuit 75. The power gating
complementary signal PGB is input to the power switch
32 as the power switch control signal VPS. The enable

signal EN is input to the NAND circuit 48a and the inverter
24. Other structures are the same as those illustrated in
FIG. 16A, and the description thereof is thus omitted.
[0079] As illustrated in FIG. 16C, when the power gat-
ing complementary signal PGB is at a high level, the pow-
er switch control signal VPS is at a high level. When the
power gating complementary signal PGB is at a low level,
the power switch control signal VPS is at a low level.
Other operations are the same as those illustrated in FIG.
15C, and the description thereof is thus omitted.
[0080] As illustrated in FIG. 13 and FIG. 14, the pass
gate 45 (a switch) that turns on and off in synchronization
with the clocks C and CB is located in the loop formed
by the inverter circuits 10a and 10b. As illustrated in FIG.
15A through FIG. 16C, the clock supply circuit 46 supplies
the clocks C and CB to the pass gates 44 and 45 while
the inverter circuits 10a and 10b are in the inverter mode,
and does not supply the clock C or CB to the pass gate
44 or 45 while the inverter circuits 10a and 10b are in the
Schmitt trigger mode. As described above, the supply of
the clocks C and CB of the clock supply circuit 46 may
be synchronized with the supply of the control signal (the
voltages VFP and VFN) of the control circuit 20.
[0081] In addition, in the Schmitt trigger mode, the
clock supply circuit 46 stops supplying the clocks C and
CB (clock gating), and the power-supply circuit 30 sets
the virtual power-supply voltage VVDD low or the virtual
ground voltage VGND high. This configuration reduces
leak current. As described above, in the memory circuit,
when clock gating is executed, the Schmitt trigger mode
is set and power gating is executed. This configuration
reduces both the dynamic power and the static power.
[0082] As described above, the power-supply circuit
30 supplies a first voltage as the power-supply voltage
while the clock supply circuit 46 is not supplying a clock
signal, and supplies a second voltage higher than the
first voltage as the power-supply voltage while the clock
supply circuit 46 is supplying a clock signal. As described
above, in the memory circuit, clock gating and power gat-
ing are simultaneously executed. Such an operation is
achieved by forming the bistable circuit 40 with use of
the inverter circuit configured to have the Schmitt trigger
mode and the inverter mode. Clock gating and power
gating may be simultaneously executed by providing a
non-volatile memory element that stores the data of the
bistable circuit in the memory cell. The fifth variation of
the second embodiment does not use a non-volatile
memory element, and thus, can operate at higher speed
than a case where a non-volatile memory element is
used. Furthermore, the fifth variation of the second em-
bodiment dose not store data in a non-volatile memory
element at the time of power shut off. Thus, the energy
consumption associated with data storing is small. Ac-
cordingly, the energy consumption is efficiently reduced
by executing power gating frequently. It should be noticed
that simultaneous execution of both clock gating and
power gating has been impossible in the memory circuit
by only using the CMOS technology without using a non-
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volatile memory element. Simultaneous execution of
both clock gating and power gating has become possible
only with the first and second embodiments and the var-
iations thereof.

Third Embodiment

[0083] The third embodiment uses a power switch as
the power-supply circuit 30. FIG. 17A and FIG. 17B are
circuit diagrams of an electronic circuit in accordance with
the third embodiment. As illustrated in FIG. 17A, an elec-
tronic circuit 108a includes the power switch 32 as the
power-supply circuit 30. The power switch 32 is a P-chan-
nel FET. The source of the power switch 32 is coupled
to the power source with the power-supply voltage VDD,
and the drain of the power switch 32 is coupled to the
power-supply line 36. The power source with the power-
supply voltage VDD is, for example, a power source sup-
plied to the integrated circuit. The power switch 32 switch-
es the voltage of the virtual power-supply voltage VVDD
according to the power source signal input to its gate. By
turning the power switch 32 on or off, the division ratio
of the power switch 32 and the inverter circuit changes.
When the power switch 32 is on, the virtual power-supply
voltage VVDD is close to the power-supply voltage VDD.
When the power switch 32 is off, the virtual power-supply
voltage VVDD is significantly lower than the power-sup-
ply voltage VDD. At this time, the voltage applied to the
inverter circuit 10 is, for example, a voltage at which data
is retained in the Schmitt trigger mode in the memory
circuit, and a voltage at which stable operation is
achieved in the Schmitt trigger mode in the logic circuit.
Other structures are the same as those of the first em-
bodiment illustrated in FIG. 2B, and the description there-
of is thus omitted.
[0084] As illustrated in FIG. 17B, in an electronic circuit
108b, the power-supply circuit 30 is the power switch 32
coupled at a ground side. The power switch 32 is an N-
channel FET. The source of the power switch 32 is cou-
pled to a ground, and the drain is coupled to the ground
line 38. The ground is, for example, a ground provided
to the integrated circuit. The power switch 32 switches
the voltage of the virtual ground voltage VGND according
to the power source signal input to its gate. Turning the
power switch 32 on or off changes the division ratio of
the power switch 32 and the inverter circuit. When the
power switch 32 is on, the virtual ground voltage VGND
is close to the ground voltage. When the power switch
32 is off, the virtual ground voltage VGND is significantly
higher than the ground voltage. In this case, the voltage
applied to the inverter circuit 10 is, for example, a voltage
at which data is retained in the Schmitt trigger mode in
the memory circuit, and a voltage at which stable oper-
ation is achieved in the Schmitt trigger mode in the logic
circuit. Other structures are the same as those illustrated
in FIG. 17A, and the description thereof is thus omitted.
[0085] FIG. 18 is a circuit diagram of an electronic cir-
cuit in accordance with a first variation of the third em-

bodiment. As illustrated in FIG. 18, in an electronic circuit
109, the power switch 32 is provided as the power-supply
circuit 30. Other structures are the same as those of the
second embodiment illustrated in FIG. 6A, and the de-
scription thereof is thus omitted. As in the third embodi-
ment and the first variation thereof, the power-supply cir-
cuit 30 may be the power switch 32. The data in the mem-
ory circuit is retained even when the power switch 32 is
turned off by setting the virtual power-supply voltage
VVDD at the voltage at which the data is retained when
the power switch 32 is turned off (for example, by design-
ing the size of the power switch 32 so that such a virtual
power-supply voltage VVDD is obtained at the time of
shut off). The power switch 32 may be only located at
the ground line 38 side, or may be located at both the
power-supply line 36 side and the ground line 38 side.
[0086] A diode may be connected between the source
and the drain of the power switch 32 to generate the
virtual power-supply voltage VVDD or the virtual ground
voltage VGND when the power switch 32 is turned off.
The diode may be formed of a transistor such as a MOS-
FET. Furthermore, a current source may be connected
between the source and the drain of the power switch 32
to generate the virtual power-supply voltage VVDD and
the virtual ground voltage VGND when the power switch
32 is turned off. The current source may be formed with
use of a transistor such as a MOSFET. Furthermore, de-
sired virtual power-supply voltage VVDD or desired vir-
tual ground voltage VGND may be generated by setting
a signal applied to the gate of the power switch 32 at a
voltage between a high level and a low level.

Fourth Embodiment

[0087] A fourth embodiment is an exemplary electronic
circuit including a memory circuit and a logic circuit. FIG.
19A through FIG. 19C are circuit diagrams of electronic
circuits in accordance with the fourth embodiment, a first
variation of the fourth embodiment, and a second varia-
tion of the fourth embodiment, respectively. As illustrated
in FIG. 19A, an electronic circuit 110a includes a memory
circuit 50 and a logic circuit 52. The memory circuit 50
is, for example, a cash memory or a register, and includes
the SRAM memory circuit of the second embodiment or
a flip-flop including the latch circuit according to any one
of the second and third variations of the second embod-
iment. The memory circuit 50 and the logic circuit 52 are
supplied with the virtual power-supply voltage VVDD
from the power-supply line 36. The power-supply circuit
30 includes the power switch 32. The power switch 32
switches the virtual power-supply voltage VVDD or shuts
off the power-supply voltage. The power switch 32 is de-
signed so that the power switch 32 supplies the virtual
power-supply voltage VVDD of a low voltage at which
the memory circuit 50 can stably retain data in the Schmitt
trigger mode. In addition, the logic circuit of the fifth em-
bodiment described later may be mounted in the logic
circuit 52. This structure allows the logic circuit 52 to sta-
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bly operate at a low voltage in the Schmitt trigger mode.
[0088] The following three cases are considered as the
combination of the memory circuit 50 and the logic circuit
52. The first one is a case where the memory circuit 50
is capable of switching between the Schmitt trigger mode
and the inverter mode and the logic circuit 52 is a typical
logic circuit incapable of switching the modes. The sec-
ond one is a case where the memory circuit 50 is a typical
memory circuit incapable of switching the modes, and
the logic circuit 52 is a logic circuit capable of switching
the modes. The third one is a case where both the mem-
ory circuit 50 and the logic circuit 52 are circuits capable
of switching the modes. In any case, the design of the
virtual power-supply voltage VVDD is important in the
circuit capable of switching the modes. The memory cir-
cuit 50 and the logic circuit 52 may include a plurality of
blocks. Furthermore, the memory circuit 50 may include
a peripheral circuit.
[0089] The fourth embodiment provides the power
switch 32 that commonly supplies the virtual power-sup-
ply voltage VVDD to the memory circuit 50 and the logic
circuit 52. This structure reduces the number of the power
switches 32, thus reducing the size. For example, the
occupation area of the power switches 32 is reduced.
[0090] As illustrated in FIG. 19B, in an electronic circuit
110b, the memory circuit 50 is supplied with a virtual pow-
er-supply voltage VVDD1 from a power-supply line 36a,
and the logic circuit 52 is supplied with a virtual power-
supply voltage VVDD2 from a power-supply line 36b. The
power-supply circuit 30 includes power switches 32a and
32b. The power switch 32a switches the virtual power-
supply voltage VVDD1 or shuts off the power-supply volt-
age, and the power switch 32b switches the virtual power-
supply voltage VVDD2 or shuts off the power-supply volt-
age. The memory circuit 50 and the logic circuit 52 may
include a plurality of blocks. Furthermore, the memory
circuit 50 may include a peripheral circuit. Other struc-
tures are the same as those of the fourth embodiment,
and the description thereof is thus omitted.
[0091] The first variation of the fourth embodiment in-
cludes the power switches 32a and the 32b that individ-
ually supply the virtual power-supply voltages VVDD1
and VVDD2 to the memory circuit 50 and the logic circuit
52, respectively. This structure allows the virtual power-
supply voltages of the memory circuit 50 and the logic
circuit 52 to be different voltages at different times.
[0092] As illustrated in FIG. 19C, in an electronic circuit
110c, the power switch 32a supplies the virtual power-
supply voltage VVDD1 from the power source of the pow-
er-supply voltage VDD to the memory circuit 50, while
the power switch 32b supplies the virtual power-supply
voltage VVDD2 from the power source of the power-sup-
ply voltage VDD to the logic circuit 52. The memory circuit
50 and the logic circuit 52 may include a plurality of
blocks. Furthermore, the memory circuit 50 may include
a peripheral circuit. Other structures are the same as
those of the first variation of the fourth embodiment, and
the description thereof is thus omitted.

[0093] In the second variation of the fourth embodi-
ment, since the power-supply lines 36a and 36b are omit-
ted, the layout is simplified and the occupation area is
reduced.
[0094] In the fourth embodiment and the variations
thereof, when the memory circuit 50 includes a circuit
capable of switching between the Schmitt trigger mode
and the inverter mode, the power switch is designed so
that the power switch supplies the virtual power-supply
voltage VVDD that allows the data to be retained. When
the logic circuit 52 includes a circuit capable of switching
between the Schmitt trigger mode and the inverter mode,
the power switch is designed so that the power switch
supplies the virtual power-supply voltage VVDD that al-
lows stable low voltage operation. In addition, the power
switch may be composed of one transistor or a plurality
of transistors.
[0095] In the fourth embodiment and the variations
thereof, the same structures illustrated in FIG. 19A
through FIG. 19C can be adapted to the case where the
power-supply circuit 30 is located at the ground side. That
is, the memory circuit 50 and the logic circuit 52 may be
commonly coupled to the ground line, and the power
switch 32 may be located between the ground line and
a ground. Alternatively, each of the memory circuit 50
and the logic circuit 52 may be coupled to a ground line,
and the power switch 32 may be located between each
ground line and a ground. Alternatively, the ground line
may not be necessarily provided, and the power switches
32 may be located between the memory circuit 50 and a
ground and between the logic circuit 52 and a ground.
Alternatively, the power switches 32 may be located at
both the power source side and the ground side.

Fifth Embodiment

[0096] A description will be given of operation with low
power consumption (or at the voltage that minimizes the
energy consumption) in the Schmitt trigger mode. FIG.
20 illustrates the transfer characteristic of the inverter
circuit in the fifth embodiment. As illustrated in FIG. 20,
in the fifth embodiment, the hysteresis in the Schmitt trig-
ger mode is made to be smaller than that in the first em-
bodiment. For example, the magnitude of the hysteresis
can be changed by the settings of the FETs 15 and 16
and/or the settings of the voltages VFP and VFN.
[0097] In the logic circuit, the hysteresis in the Schmitt
trigger mode may be made to be small. Even when the
hysteresis is small, if the voltage changes rapidly, the
noise margin increases, and thus, the variation tolerance
and the noise tolerance improve. Thus, the operation at
a low power-supply voltage is achievable. Therefore, the
power consumption is reduced by setting the virtual pow-
er-supply voltage VVDD low in the Schmitt trigger mode.
For example, the virtual power-supply voltage VVDD can
be set at a voltage near the voltage at which the energy
efficiency of the operation has the minimum value. In the
inverter mode, high-speed operation is achievable by set-
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ting the virtual power-supply voltage VVDD high.
[0098] Also in the memory circuit, in the Schmitt trigger
mode, the hysteresis is made to be smaller than that in
the first embodiment, and the virtual power-supply volt-
age VVDD is set lower than that in the inverter mode.
This configuration allows the operation with low power
consumption although the operating speed is slower than
that in the inverter mode. The virtual power-supply volt-
age VVDD may be higher than the virtual power-supply
voltage VVDD in the Schmitt trigger mode of the first em-
bodiment.
[0099] For example, the fifth embodiment can be
adopted to the memory cell in the memory circuit 50
and/or the logic circuit in the logic circuit 52 of the fourth
embodiment and the variations thereof. A description will
be given of the logic circuit by using a NAND circuit as
an example.
[0100] FIG. 21 is a circuit diagram of a NAND circuit
using the fifth embodiment. As illustrated in FIG. 21, an
electronic circuit 112 includes FETs 11a through 16. Be-
tween the power-supply line 36 and the output node Nout,
the FETs 11a and 12a are connected in series, the FETs
11b and 12b are connected in series, and the FETs 11a
and 12a are connected in parallel to the FETs 11b and
12b. The node between the FETs 11a and 12a and the
node between the FETs 11b and 12b are commonly cou-
pled to the intermediate node Nm1.
[0101] The FETs 13a through 14b are connected in
series between the output node Nout and the ground line
38. The node between the FET 13b and the FET 14a is
the intermediate node Nm2. The gates of the FETs 11a
through 14a are commonly coupled to an input node
Nin1, and the gates of the FETs 11b through 14b are
commonly coupled to an input node Nin2. The connection
between the FETs 15 and 16 is the same as that of the
first embodiment. Other structures are the same as those
of the first embodiment, and the description thereof is
thus omitted.
[0102] In the electronic circuit 112, A and B are input
to the input nodes Nin1 and Nin2, respectively. C, which
is the NAND of A and B is output to the output node Nout.
Although the operating speed is low, the power consump-
tion is reduced by setting the virtual power-supply voltage
VVDD at a low voltage (for example, 0.3 V) in the Schmitt
trigger mode. High-speed operation is achieved by set-
ting the virtual power-supply voltage VVDD at a high volt-
age (for example, 1.2 V) in the inverter mode. The NAND
circuit has been used as an example, but the fifth em-
bodiment can be adapted to logic circuits (for example,
an OR circuit, an AND circuit, an XOR circuit, an NOR
circuit) other than the NAND circuit.

Sixth Embodiment

[0103] FIG. 22A is a block diagram of an electronic
circuit in accordance with a sixth embodiment, and FIG.
22B illustrates operations in each mode in the sixth em-
bodiment. As illustrated in FIG. 22A, an electronic circuit

114 includes a memory circuit 86, the control circuit 20,
and the power-supply circuit 30. The memory circuit 86
includes the bistable circuit 40 according to any one of
the second embodiment and the variations thereof. The
control circuit 20 outputs a signal switching the modes
of the inverter circuit 10 in the memory circuit 86. The
power-supply circuit 30 supplies the power-supply line
36 with the virtual power-supply voltage VVDD. When
the power-supply circuit 30 is a power switch, the con-
nection of the power switch may be any of those illustrat-
ed in FIG. 19A through FIG. 19C. In addition, the power
switch may be connected at the ground side, or the power
switches may be connected at both the ground side and
the power-supply voltage VDD side.
[0104] As illustrated in FIG. 22B, when the inverter cir-
cuit in the memory circuit 86 is in the inverter mode (in a
second mode), there is no hysteresis as illustrated in FIG.
20. In the second mode, when the power-supply circuit
30 supplies a high voltage as the virtual power-supply
voltage VVDD, the memory circuit 86 operates at a high-
speed. The Schmitt trigger mode includes a first mode
and a third mode. In the first mode, the hysteresis is large
as the hysteresis of the first embodiment in FIG. 20. When
the power-supply circuit 30 supplies a low voltage as the
virtual power-supply voltage VVDD, the memory circuit
86 retains data with low power consumption. In the third
mode, the hysteresis is smaller than the hysteresis in the
first mode as in the fifth embodiment in FIG. 20. In addi-
tion, the transfer characteristic of the third mode is steep-
er than that of the second mode and the same as or
gentler than that of the first mode. In the third mode, when
the power-supply circuit 30 supplies as the virtual power-
supply voltage VVDD a third voltage that is higher than
the first voltage and lower than the second voltage, the
memory circuit 86 stably operates even at low power con-
sumption although its operating speed is low.
[0105] In the sixth embodiment, the inverter circuit 10
in the memory circuit 86 is switched among the first mode,
the second mode, and the third mode. The control circuit
20 outputs a third signal setting the inverter circuit 10 in
the third mode to the inverter circuit 10 in addition to the
first signal and the second signal. The power-supply cir-
cuit 30 supplies the third voltage lower than the second
voltage as the virtual power-supply voltage VVDD when
the inverter circuit 10 is in the third mode. The memory
circuit 86 can operate in three modes. In the sixth em-
bodiment, the third voltage is higher than the first voltage,
but the third voltage may be the same as or lower than
the first voltage.
[0106] It is only required that the FETs described in the
first through sixth embodiments and the variations there-
of are field-effect transistors that operate in the same way
as MOSFETs, metal insulator semiconductor (MIS)
FETs, metal semiconductor (MES) FETs, FinFETs, and
tunnel FETs.
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Seventh Embodiment

[0107] In the first and second embodiments, as illus-
trated in FIG. 5A and FIG. 12A, the virtual power-supply
voltage VVDD is used as the high level of the voltages
VFN and VFP. This is because the power-supply voltage
supplied to the control circuit 20 (for example, the invert-
ers 22 and 24) illustrated in, for example, FIG. 2A is set
at the virtual power-supply voltage VVDD. Furthermore,
when the virtual ground voltage VGND is supplied to the
control circuit 20, the low levels of the voltages VFN and
VFP are the virtual ground voltage VGND. As described
above, the power consumption of the control circuit 20
is reduced by supplying the virtual power-supply voltage
VVDD and the virtual ground voltage VGND to the control
circuit 20.
[0108] On the other hand, the power-supply voltage
and the ground voltage supplied to the control circuit 20
are made to be different from the virtual power-supply
voltage VVDD and the virtual ground voltage VGND, re-
spectively. FIG. 23A and FIG. 23B are circuit diagrams
of electronic circuits in accordance with a seventh em-
bodiment. As illustrated in FIG. 23A, in an electronic cir-
cuit 116a, the power-supply circuit 30 is supplied with the
voltage VDD. The inverters 22 and 24 are supplied with
the voltage VDD2 as the power-supply voltage and the
voltage GND as the ground voltage. The low levels of
the voltages VFP and VFN are the voltage GND, and the
high levels of the voltages VFP and VFN are the voltage
VDD2. Other structures are the same as those of the first
embodiment illustrated in FIG. 2A, and the description
thereof is thus omitted. For example, the voltage VDD2
is set at the voltage VDD applied to the power-supply
circuit 30. This setting allows the high levels of the volt-
ages VFP and VFN to be set at the voltage VDD regard-
less of the virtual power-supply voltage VVDD supplied
by the power-supply circuit 30.
[0109] As illustrated in FIG. 23B, in an electronic circuit
116b, the power-supply circuit 30 is located at the ground
side. The power-supply circuit 30 supplies the ground
line 38 with the virtual ground voltage VGND. The invert-
ers 22 and 24 are supplied with the voltage VDD as a
power-supply voltage and the voltage GND2 as a ground
voltage. The low levels of the voltages VFP and VFN are
the voltage GND2, and the high levels of the voltages
VFP and VFN are the voltage VDD. Other structures are
the same as those illustrated in FIG. 23A, and the de-
scription thereof is thus omitted. For example, the voltage
GND2 is set at the ground voltage GND supplied to the
power-supply circuit 30. This setting allows the low levels
of the voltages VFP and VFN to be set at the ground
voltage GND regardless of the virtual ground voltage
VGND supplied by the power-supply circuit 30.
[0110] The seventh embodiment allows the high levels
and the low levels of the voltages VFP and VFN to be
different from the virtual power-supply voltage VVDD and
the ground voltage VGND, respectively. For example,
the high levels and the low levels of the voltages VFP

and VFN can be set at the voltages VDD and GND, re-
spectively. Also in the second through sixth embodiments
and the variations thereof, the voltages VFP and VFN
can be freely set.
[0111] Although preferred embodiments of the present
invention have been described so far, the present inven-
tion is not limited to those particular embodiments, and
various changes and modifications may be made to them
within the scope of the invention claimed herein.

DESCRIPTION OF REFERENCE NUMERALS

[0112]

10, 10a, 10b inverter circuit

11-16 FET
20 control circuit
22-26 inverter
30 power-supply circuit
40 bistable circuit

[0113] The present invention may also be defined by
means of the following numbered clauses:

1. An electronic circuit characterized by comprising:

a bistable circuit connected between a positive
power source and a negative power source that
are supplied with power-supply voltages, the
bistable circuit including a first inverter and a
second inverter connected in a loop, the first in-
verter and the second inverter being inverter cir-
cuits configured to switch between a first mode
and a second mode;
a control circuit configured to output a first signal
and a second signal to the inverter circuits, the
fist signal setting the inverter circuit in the first
mode, the second signal setting the inverter cir-
cuit in the second mode; and
a power-supply circuit configured to supply a first
voltage as the power-supply voltage while the
inverter circuits are in the first mode, and supply
a second voltage higher than the first voltage as
the power-supply voltage while the inverter cir-
cuits are in the second mode, wherein
the first mode is a mode that exhibits hysteresis
in a transfer characteristic and the second mode
is a mode that exhibits no hysteresis in a transfer
characteristic, and/or the first mode is a mode
of which the transfer characteristic is steeper
than the transfer characteristic of the second
mode.

2. The electronic circuit according to clause 1, char-
acterized in that
the bistable circuit retains data and does not write or
read data in the first mode, and writes and reads
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data in the second mode.

3. The electronic circuit according to clause 1 or 2,
characterized in that
the power-supply circuit switches the second voltage
to the first voltage after the control circuit has output
the first signal, and switches the first voltage to the
second voltage before the control circuit outputs the
second signal.

4. The electronic circuit according to any one of
clauses 1 through 3, characterized in that
the inverter circuits switch among the first mode, the
second mode, and a third mode,
the third mode exhibits the hysteresis smaller than
the hysteresis of the first mode and/or has a transfer
characteristic steeper than the transfer characteristic
of the second mode,
the control circuit outputs a third signal setting the
inverter circuits in the third mode to the inverter cir-
cuits, and
the power-supply circuit supplies a third voltage low-
er than the second voltage as the power-supply volt-
age while the inverter circuits are in the third mode.

5. The electronic circuit according to any one of
clauses 1 through 4, characterized by further com-
prising:

a switch configured to turn on and off in synchro-
nization with a clock signal, the switch being lo-
cated in a loop formed by the first inverter and
the second inverter; and
a clock supply circuit configured to supply the
clock signal to the switch while the first inverter
and the second inverter are in the second mode
and not to supply the clock signal to the switch
while the first inverter and the second inverter
are in the first mode.

6. The electronic circuit according to any one of
clauses 1 through 5, characterized in that
each of the inverter circuits includes:

a first P-channel FET and a first N-channel FET,
a source of the first P-channel FET being cou-
pled to the positive power source, a source of
the first N-channel FET being coupled to the
negative power source, at least one of the first
P-channel FET and the first N-channel FET be-
ing connected in series in a plurality;
an input node to which a gate of the first P-chan-
nel FET and a gate of the first N-channel FET
are commonly coupled;
an output node to which one drain of the first P-
channel FET and one drain of the first N-channel
FET are commonly coupled; and
a second FET that is at least one of a second

P-channel FET and a second N-channel FET
that are of a conductive type identical to a con-
ductive type of the at least one of the first P-
channel FET and the first N-channel FET con-
nected in series in a plurality, one of a source
and a drain of the second FET being coupled to
an intermediate node located between a plural-
ity of first FETs, which are the at least one of the
first P-channel FET and the first N-channel FET
connected in series in a plurality, a gate of the
second FET being coupled to the output node,
and another of the source and the drain of the
second FET being coupled to a control node to
which the first signal and the second signal are
input.

7. The electronic circuit according to clause 6, char-
acterized in that
the control circuit outputs, as the first signal, a low
level to a control node of the second P-channel FET
and/or a high level to a control node of the second
N-channel FET, and
the control circuit outputs, as the second signal, a
high level to the control node of the second P-chan-
nel FET and/or a low level to the control node of the
second N-channel FET.

8. The electronic circuit according to clause 6, char-
acterized in that
the first P-channel FET is connected in series in a
plurality and the first N-channel FET is connected in
series in a plurality,
the second FET includes the second P-channel FET
and the second N-channel FET,
the control circuit outputs, as the first signal, a low
level to the control node of the second P-channel
FET and a high level to the control node of the second
N-channel FET, and outputs, as the second signal,
a high level to the control node of the second P-
channel FET and a low level to the control node of
the second N-channel FET.

9. The electronic circuit according to any one of
clauses 1 through 8, characterized in that
the power-supply circuit includes a MOSFET con-
nected between at least one of the positive power
source and the negative power source and the in-
verter circuits.

10. An electronic circuit characterized by comprising:

an inverter circuit including:

a first P-channel FET and a first N-channel
FET, a source of the first P-channel FET
being coupled to a positive power source,
a source of the first N-channel FET being
coupled to a negative power source, the
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positive power source and the negative
power source being supplied with power-
supply voltages, at least one of the first P-
channel FET and the first N-channel FET
being connected in series in a plurality;
an input node to which a gate of the first P-
channel FET and a gate of the first N-chan-
nel FET are commonly coupled;
an output node to which one drain of the
first P-channel FET and one drain of the first
N-channel FET are commonly coupled; and
a second FET that is at least one of a second
P-channel FET and a second N-channel
FET that are of a conductive type identical
to a conductive type of the at least one of
the first P-channel FET and the first N-chan-
nel FET connected in series in a plurality,
one of a source and a drain of the second
FET being coupled to an intermediate node
located between a plurality of first FETs,
which are the at least one of the first P-chan-
nel FET and the first N-channel FET con-
nected in series in a plurality, a gate of the
second FET being coupled to the output
node, and another of the source and the
drain of the second FET being coupled to a
control node; and

a control circuit configured to output a first signal
and a second signal to a control node of the sec-
ond FET, the first signal setting the inverter cir-
cuit in a first mode, the second signal setting the
inverter circuit in a second mode, wherein
the control circuit is configured to output, as the
first signal, a low level to a control node of the
second P-channel FET and/or a high level to a
control node of the second N-channel FET, and
output, as the second signal, a high level to the
control node of the second P-channel FET
and/or a low level to the control node of the sec-
ond N-channel FET, and
the first mode is a mode that exhibits hysteresis
in a transfer characteristic, the second mode is
a mode that exhibits no hysteresis in a transfer
characteristic, and/or the first mode is a mode
of which the transfer characteristic is steeper
than the transfer characteristic of the second
mode.

11. The electronic circuit according to clause 10,
characterized in that
the first P-channel FET is connected in series in a
plurality and the first N-channel FET is connected in
series in a plurality;
the second FET includes the second P-channel FET
and the second N-channel FET; and
the control circuit is configured to output, as the first
signal, a low level to the control node of the second

P-channel FET and a high level to the control node
of the second N-channel FET, and output, as the
second signal, a high level to the control node of the
second P-channel FET and a low level to the control
node of the second N-channel FET.

12. The electronic circuit according to clause 10 or
11, characterized by further comprising:
a power-supply circuit configured to supply a first
voltage as the power-supply voltage while the invert-
er circuit is in the first mode, and supply a second
voltage higher than the first voltage as the power-
supply voltage while the inverter circuit is in the sec-
ond mode.

13. The electronic circuit according to clause 12,
characterized by further comprising
a logic circuit including the inverter circuit.

14. An electronic circuit characterized by comprising:

a bistable circuit connected between a positive
power source and a negative power source that
are supplied with power-supply voltages, the
bistable circuit including: a first inverter and a
second inverter that form a loop; and a switch
that turns on and off in synchronization with a
clock signal and is located in the loop;
a clock supply circuit configured to supply the
clock signal to the switch; and
a power-supply circuit configured to supply a first
voltage as the power-supply voltage while the
clock supply circuit is not supplying the clock
signal, and supply a second voltage higher than
the first voltage as the power-supply voltage
while the clock supply circuit is supplying the
clock signal.

Claims

1. An electronic circuit characterized by comprising:

an inverter circuit (10) including:

one or more first P-channel FETs (11, 12)
of which sources are coupled to a first power
source supplied with a first power-supply
voltage;
one or more first N-channel FETs (13, 14)
of which sources are coupled to a second
power source supplied with a second pow-
er-supply voltage lower than the first power-
supply voltage, the one or more first P-chan-
nel FETs (11, 12) and/or the one or more
first N-channel FETs (13, 14) are a plurality
of first FETs connected in series;
an input node (Nin) to which gates of the
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one or more first P-channel FETs (11, 12)
and gates of the one or more first N-channel
FETs (13, 14) are commonly coupled;
an output node (Nout) to which a drain of
an FET farthest from the first power source
of the one or more first P-channel FETs (12)
and a drain of an FET farthest from the sec-
ond power source of the one or more first
N-channel FETs (13) are commonly cou-
pled; and
a second FET (15, 16) that is at least one
of a second P-channel FET (15) and a sec-
ond N-channel FET (16) that are of a con-
ductive type identical to a conductive type
of the plurality of first FETs, one of a source
and a drain of the second FET (15, 16) being
coupled to an intermediate node (Nm1,
Nm2) located between the plurality of first
FETs, a gate of the second FET being cou-
pled to the output node (Nout), and another
of the source and the drain of the second
FET (15, 16) being coupled to a control node
(NFP, NFN) ; and

a control circuit (20) configured to output a first
signal and a second signal to a control node
(NFP, NFN) of the second FET (15, 16), the first
signal setting the inverter circuit (10) in a first
mode, the second signal setting the inverter cir-
cuit (10) in a second mode, wherein
the control circuit (20) is configured to output,
as the first signal, a low level to a control node
(NFP) of the second P-channel FET (15)_and/or
a high level to a control node (NFN) of the sec-
ond N-channel FET (16), and output, as the sec-
ond signal, a high level to the control node (NFP)
of the second P-channel FET (15) and/or a low
level to the control node (NFN) of the second N-
channel FET (16), and
the first mode is a mode that exhibits hysteresis
in a transfer characteristic curve, the second
mode is a mode that exhibits no hysteresis in a
transfer characteristic curve, and/or the first
mode is a mode of which the transfer character-
istic curve is steeper than the transfer charac-
teristic curve of the second mode.

2. The electronic circuit according to claim 1, charac-
terized in that
the one or more first P-channel FETs (11,12) are
connected in series in a plurality and the one or more
first N-channel FETs (13,14) are connected in series
in a plurality;
the second FET (15, 16) includes the second P-
channel FET (15) and the second N-channel FET
(16); and
the control circuit (20) is configured to output, as the
first signal, a low level to the control node (NFP) of

the second P-channel FET (15) and a high level to
the control node (NFN) of the second N-channel FET
(16), and output, as the second signal, a high level
to the control node of (NFP) the second P-channel
FET (15) and a low level to the control node (NFN)
of the second N-channel FET (16).

3. The electronic circuit according to claim 1 or 2, char-
acterized by further comprising:
a power-supply circuit (30) configured to supply a
first voltage as a power-supply voltage, which is a
difference between the first power-supply voltage
and the second power-supply voltage, while the in-
verter circuit (10) is in the first mode, and supply a
second voltage higher than the first voltage as the
power-supply voltage while the inverter circuit (10)
is in the second mode.

4. The electronic circuit according to claim 3, charac-
terized by further comprising
a logic circuit including the inverter circuit.
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