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(57) ABSTRACT 

The disclosed semiconductor integrated circuit device can 
control the threshold thereof Without adding any other 
supply voltages except a drive supply voltage and a ground 
supply voltage. The semiconductor integrated circuit device 
comprises: a substrate potential generating circuit operative 
on the basis of a control signal, for deepening a substrate 
bias by pumping out charges from a semiconductor substrate 
When activated, but for setting an output thereof to a high 
impedance When deactivated; and a sWitch circuit operative 
on the basis of the control signal and turned on When the 
substrate potential generating circuit is deactivated, to set 
potential of the semiconductor substrate to a supply poten 
tial, but turned off When the substrate potential generating 
circuit is activated. 
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SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
integrated circuit device, and more speci?cally to a semi 
conductor integrated circuit device suitable to control the 
threshold value thereof for poWer reduction at standby time. 

[0003] 2. Description of the Prior Art 

[0004] In general, one of the effective methods of reducing 
the power consumption of a semiconductor integrated circuit 
device including MOSFETs, in particular of a CMOS inte 
grated circuit is to reduce the supply voltage thereof. When 
the supply voltage is reduced, hoWever, the operating speed 
of the CMOS circuit inevitably decreases. 

[0005] Therefore, When not only the supply voltage but 
also the threshold value are both reduced, it is possible to 
reduce the power consumption at operation time without 
decreasing the circuit operating speed. In this case, hoWever, 
When the threshold value is reduced, since the subthreshold 
current of the MOSFET increases at standby time, the 
consumption poWer increases at standby time. Therefore, it 
is desirable to keep the threshold value high at standby time 
but to loW at operation time. 

[0006] The threshold value of the MOSFET is modulated 
by the substrate potential (back gate effect). Therefore, When 
a bias voltage is applied to the substrate (a potential loWer 
than the source is applied in an NMOS but a potential higher 
than the source is applied in a PMOS), the threshold value 
can be increased. Therefore, a technique for controlling the 
threshold value of the MOSFET by utiliZation of this phe 
nornenon has been developed, as disclosed by a reference 
document 1: K. Seta, et al., “50% Active-PoWer Saving 
Without Speed Degradation using Stand-by PoWer Reduc 
tion (SPR) Circuit” ISSCC Digest of Technical Papers, pp. 
318-319, Feb., 1995. 

[0007] FIG. 16 shoWs the construction of a threshold 
value control circuit as disclosed by this reference document 
1, in Which the threshold value is switched from the standby 
time to the operation time or vice versa. For instance, at 
standby time, —2V is applied to a P Well or a P type substrate 

(referred to as a P-type semiconductor substrate), and 4V is 
applied to an N Well or an N type substrate (referred to as an 

N-type semiconductor substrate). Further, at operation tirne, 
0V is applied to the P-type semiconductor substrate and 2V 
is applied to the N-type semiconductor substrate. 

[0008] In the above-mentioned circuit as shoWn in FIG. 
16, hoWever, tWo neW supply voltages VPBB (=—2V) and 
V (=4V) are necessary in addition to a drive supply 

NBB 

voltage VDD (=—2V) and a ground supply voltage GND 
(=0V). 
[0009] Further, in the circuit as shoWn in FIG. 16, the 
substrate terminal of an NMOSFET is connected to the 
supply voltage GND; the substrate terminal of another 
NMOSFET is connected to the supply voltage VPBB; the 
substrate terminal of a PMOSFET is connected to the supply 
voltage VDD; and the substrate terminal of another PMOS 
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PET is connected to the supply voltage VNBB, so that a 
triple-Well structure is required, thus causing a problem in 
that the manufacturing process inevitably increases. 

SUMMARY OF THE INVENTION 

[0010] With these problems in mind, therefore, it is the 
object of the present invention to provide a semiconductor 
integrated circuit device Which can control the threshold 
value thereof, Without use of any supply voltages other than 
the drive and ground supply voltages. 

[0011] To achieve the above-mentioned object, the ?rst 
aspect of the present invention provides a semiconductor 
integrated circuit device, comprising: a substrate potential 
generating circuit operative on the basis of a control signal, 
for deepening a substrate bias by pumping out charges from 
a semiconductor substrate When activated, but for setting an 
output thereof to a high impedance When deactivated; and a 
sWitch circuit operative on the basis of the control signal and 
turned on When said substrate potential generating circuit is 
deactivated, to set potential of the semiconductor substrate 
to a supply potential, but turned off When said substrate 
potential generating circuit is activated. 

[0012] Further, the second aspect of the present invention 
provides a semiconductor integrated circuit device, corn 
prising: a substrate potential detecting circuit for detecting 
potential of a semiconductor substrate; a substrate potential 
generating circuit for deepening a substrate bias by pumping 
out charges from the semiconductor substrate When acti 
vated, but for setting an output thereof to a high impedance 
When deactivated; a sWitch circuit turned on When said 
substrate potential generating circuit is deactivated, to con 
nect the semiconductor substrate to a supply voltage, but 
turned off When said substrate potential generating circuit is 
activated; and a control circuit for driving said substrate 
potential generating circuit and said sWitch circuit on the 
basis of a control signal, a value detected by said substrate 
potential detecting circuit, and a set value, to control the 
potential of the semiconductor substrate to the set value or 
a potential of the supply voltage. 

[0013] Further, the third aspect of the present invention 
provides a semiconductor integrated circuit device, corn 
prising: a leak current detecting circuit for detecting leak 
current of a transistor formed on a semiconductor substrate; 
a substrate potential generating circuit for deepening a 
substrate bias by pumping out charges from the sernicon 
ductor substrate When activated, but for setting an output 
thereof to a high impedance When deactivated; a sWitch 
circuit turned on When said substrate potential generating 
circuit is deactivated, to connect the semiconductor substrate 
to a supply voltage, but turned off When said substrate 
potential generating circuit is activated; and a control circuit 
for driving said substrate potential generating circuit and 
said sWitch circuit on the basis of a control signal, a value 
detected by said substrate potential detecting circuit and a 
set value, to control the potential of the semiconductor 
substrate to the set value or a potential of the supply voltage. 

[0014] Further, the fourth aspect of the present invention 
provides a semiconductor integrated circuit device, corn 
prising: a ?rst purnp circuit having an output terminal 
connected to a ?rst-conductivity type serniconductor sub 
strate, for pumping out ?rst-conductivity type carriers; a ?rst 
MOSFET With a second-conductivity type different from the 
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?rst-conductivity type having a source terminal connected to 
the output terminal of said ?rst pump circuit and a drain 
terminal connected to a ?rst supply voltage; a second pump 
circuit having an output terminal connected to a gate termi 
nal of the ?rst MOSFET, for pumping out ?rst-conductivity 
type carriers; and a second MOSFET With the ?rst-conduc 
tivity type having a source terminal connected to a second 
supply voltage, a gate terminal to Which a control signal is 
applied, and a drain terminal connected to the gate terminal 
of said ?rst MOSFET. 

[0015] Further, it is preferable that the semiconductor 
integrated circuit device further comprises ?rst and second 
rectifying circuits connected betWeen the gate and source 
terminals of said ?rst MOSFET in such a Way that polarity 
thereof is inverse parallel to each other. 

[0016] Further, it is preferable that the semiconductor 
substrate is of P-type semiconductor substrate; said ?rst 
MOSFET is an N-channel MOSFET; said second MOSFET 
is a P-channel MOSFET; the ?rst supply voltage is a ground 
supply voltage, and the second supply voltage is a drive 
supply voltage. 

[0017] Further, it is preferable that the semiconductor 
substrate is of N-type semiconductor substrate; said ?rst 
MOSFET is a P-channel MOSFET; said second MOSFET is 
an N-channel MOSFET; the ?rst supply voltage is a ground 
supply voltage, and the second supply voltage is a drive 
supply voltage. 

[0018] Further, it is preferable that the semiconductor 
integrated circuit device further comprises a third MOSFET 
With the ?rst-conductivity type having a gate terminal con 
nected to the ?rst supply voltage and connected betWeen the 
drain terminal of said second MOSFET and the gate terminal 
of said ?rst MOSFET. 

[0019] Further, it is preferable that the semiconductor 
substrate is of P-type semiconductor substrate; said ?rst 
MOSFET is an N-channel MOSFET; said second and third 
MOSFETs are P-channel MOSFETs; the ?rst supply voltage 
is a ground supply voltage, and the second supply voltage is 
a drive supply voltage. 

[0020] Further, it is preferable that the semiconductor 
integrated circuit device further comprises an N-channel 
MOS having a gate terminal connected to the ground supply 
voltage, and connected betWeen the source terminal of said 
?rst MOSFET and an output terminal of one of said tWo 
rectifying circuits, for passing current from the gate terminal 
to the source terminal of said ?rst MOSFET. 

[0021] Further, it is preferable that the semiconductor 
substrate is of N-type semiconductor substrate; said ?rst 
MOSFET is a P-channel MOSFET; said second and third 
MOSFETs are N-channel MOSFETs; the ?rst supply voltage 
is a drive supply voltage, and the second supply voltage is 
a ground supply voltage. 

[0022] Further, it is preferable that the semiconductor 
integrated circuit device further comprises a P-channel MOS 
having a grounded gate terminal connected to the drive 
supply voltage, and connected betWeen the source terminal 
of said ?rst MOSFET and-an input terminal of one of said 
tWo rectifying circuits, for passing current from the source 
terminal to the gate terminal of said ?rst MOSFET. 
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[0023] Further, it is preferable that each of said ?rst and 
second rectifying circuits is composed of a single diode 
element or a plurality of series-connected diode elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a block diagram shoWing a ?rst embodi 
ment of the semiconductor integrated circuit device accord 
ing to the present invention; 

[0025] FIGS. 2A and 2B are circuit diagrams shoWing 
substrate potential generating circuits related to the semi 
conductor integrated circuit device according to the present 
invention; 

[0026] FIGS. 3A and 3B are circuit diagrams shoWing the 
other substrate potential generating circuits related to the 
semiconductor integrated circuit device according to the 
present invention; 

[0027] FIG. 4 is a block diagram shoWing a second 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0028] FIG. 5 is a circuit diagram shoWing a substrate 
potential detecting circuit related to the second embodiment 
of the semiconductor integrated circuit device according to 
the present invention; 

[0029] FIG. 6A is a circuit diagram shoWing the other 
substrate potential detecting circuit related to the second 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0030] FIG. 6B is a table listing the input and output 
relationship of the substrate potential detecting circuit 
shoWn in FIG. 6A; 

[0031] FIG. 7 is a block diagram shoWing a third embodi 
ment of the semiconductor integrated circuit device accord 
ing to the present invention; 

[0032] FIG. 8 is a circuit diagram shoWing a leak current 
detecting circuit related to the third embodiment of the 
semiconductor integrated circuit device according to the 
present invention; 

[0033] FIG. 9 is a block diagram shoWing a fourth 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0034] FIG. 10 is a block diagram shoWing a ?fth embodi 
ment of the semiconductor integrated circuit device accord 
ing to the present invention; 

[0035] FIG. 11 is a block diagram shoWing a siXth 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0036] FIG. 12 is a block diagram shoWing a seventh 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0037] FIG. 13 is a block diagram shoWing an eighth 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0038] FIG. 14 is a block diagram shoWing a ninth 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 



US 2001/0011918 A1 

[0039] FIGS. 15A to 15C are practical circuit diagrams 
showing a rectifying circuit, respectively; 

[0040] FIG. 16 is a circuit diagram showing a prior art 
threshold value controlling circuit; 

[0041] FIG. 17 is a circuit diagram shoWing a practical 
control circuit used for the second embodiment of the 
present invention; 

[0042] FIG. 18 is a circuit diagram shoWing a practical 
control circuit used for the third embodiment of the present 
invention; 
[0043] FIG. 19 is a block diagram shoWing a tenth 
embodiment of the semiconductor integrated circuit device 
according to the present invention; 

[0044] FIG. 20 is a circuit diagram shoWing a practical 
control circuit used for the tenth embodiment of the present 
invention; 

[0045] FIG. 21 is a block diagram shoWing an eleventh 
embodiment of the semiconductor integrated circuit device 
according to the present invention; and 

[0046] FIG. 22 is a circuit diagram shoWing a practical 
control circuit used for the eleventh embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0047] The embodiments of the present invention Will be 
described hereinbeloW With reference to the attached draW 
ings. 

[0048] In the folloWing description, “semiconductor sub 
strate” implies a substrate or a Well. Further, “substrate bias 
is deep” implies that the potential at the semiconductor 
substrate is loW in the case Where the semiconductor sub 
strate is of P-type substrate or of P-type Well, but the 
potential at the semiconductor substrate is high in the case 
Where the semiconductor substrate is of N-type substrate or 
of N-type Well. Further, “substrate bias is shalloW” implies 
that the potential is opposite to the case Where “substrate 
bias is deep”; that is, the potential is high in the P-type, but 
loW in the N-type. 

[0049] (First Embodiment) 
[0050] FIG. 1 shoWs the ?rst embodiment of the semi 
conductor integrated circuit device according to the present 
invention. The semiconductor integrated circuit device 
shoWn in FIG. 1 comprises a substrate potential generating 
circuit 10 and a sWitch circuit 30. 

[0051] The substrate potential generating circuit 10 is 
operative on the basis of a control signal, and sets the 
substrate bias to be deep by pumping out charges from the 
semiconductor substrate When activated, but sets the output 
thereof to a high impedance When deactivated. On the other 
hand, the sWitch circuit 30 is turned on or off on the basis of 
the control signal, to connect the semiconductor substrate to 
the supply voltage When turned on, but disconnects the 
semiconductor substrate from the supply voltage When 
turned off. Further, When the substrate potential generating 
circuit 10 is activated, the sWitch circuit 30 is turned off, but 
When the substrate potential generating circuit 10 is deacti 
vated, the sWitch circuit 30 is turned on. 
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[0052] Therefore, according to the control signal: 

[0053] 1) When the output of the substrate potential 
generating circuit 10 is at a high impedance and When 
the sWitch circuit 30 is turned on, the potential of the 
semiconductor substrate becomes equal to the potential 
of the supply voltage. Or else: 

[0054] 2) When the substrate potential generating cir 
cuit 10 generates a potential to the output thereof and 
When the sWitch circuit 30 is turned off, the potential of 
the semiconductor substrate becomes equal to the out 
put potential of the substrate potential generating cir 
cuit 10. 

[0055] Therefore, When the substrate potential generating 
circuit 10 is activated at the standby time of the MOSFET 
Whose threshold value is to be controlled, a potential loWer 
than the ground supply voltage GND can be applied to an 
NMOSFET, and further a potential higher than the supply 
voltage VDD can be applied to a PMOSFET, both inside the 
semiconductor integrated circuit, Without use of any eXternal 
supply voltages, With the result that it is possible to increase 
the threshold value at operation time. Further, When the 
substrate potential generating circuit 10 is deactivated (the 
output is in the high impedance status) at the operation time 
of the MOSFET Whose threshold value is to be controlled, 
the sWitch circuit 30 connected to the supply voltage is 
turned on to set the potential of the semiconductor substrate 
to be equal to the supply voltage, With the result that it is 
possible to decrease the threshold value at standby time. 

[0056] Further, FIGS. 2A and 2B shoW a practical circuit 
construction of the substrate potential generating circuit 10, 
When applied to a P-type semiconductor substrate and an 
N-type semiconductor substrate, respectively. 

[0057] As shoWn in FIG. 2A, the substrate potential 
generating circuit 10 applied to the P-type semiconductor 
substrate comprises an oscillator circuit 11 (e. g., constructed 
by a ring oscillator) for generating a pulse voltage on the 
basis of the control signal, a capacitor 12, tWo PMOS 
transistors 14 and 15, and an NMOS transistor 16. NoW, 
When the control signal is at an H level, the NMOS transistor 
16 is turned on and further the oscillator circuit 11 is 
activated to increase or decrease the potential periodically at 
one end of the capacitor 12 connected to the output end of 
the oscillator circuit 11. Therefore, the potential at a junction 
node N1 betWeen the tWo PMOS transistors 14 and 15 
changes up and doWn. When the potential at the node N1 
becomes loWer than an addition of the substrate potential of 
the P-type semiconductor substrate and the threshold value 
voltage of the PMOS transistor 14, the PMOS transistor 14 
is turned on, so that current flows from the P-type semicon 
ductor substrate to the node N1. At this moment, the PMOS 
transistor 15 is kept turned off. Further, When the potential 
at the node N1 is raised by the oscillator circuit 11 and 
thereby becomes higher than the threshold value voltage of 
the PMOS transistor 15, the PMOS transistor 15 is turned 
on, so that current flows from the node N1 to the ground 
supply voltage GND through the NMOS transistor 16. At 
this moment, the PMOS transistor 14 is kept turned off. By 
repeating the above-mentioned operation, electrons flow 
from the ground supply voltage GND to the P-type semi 
conductor substrate, so that the potential of the P-type 
semiconductor substrate is reduced; that is, the substrate bias 
is deepened. On the other hand, When the control signal is at 
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an L level, the NMOS transistor 16 is turned off and further 
the oscillator circuit 11 is deactivated, so that the potential 
at the node N1 becomes an intermediate potential betWeen 
the P-type semiconductor substrate potential and the ground 
potential GND. As a result, the PMOS transistors 14 and 15 
are both turned off, so that the output of the substrate 
potential generating circuit 10 becomes the high impedance. 

[0058] Further, as shoWn in FIG. 2B, the substrate poten 
tial generating circuit 10 applied to the N-type semiconduc 
tor substrate comprises an oscillator circuit 11, a capacitor 
12, tWo NMOS transistors 17 and 18, and a PMOS transistor 
19. When the control signal is at the H level, the substrate 
potential generating circuit 10 as shoWn in FIG. 2B is 
activated in such a Way that electrons flow from the N-type 
semiconductor substrate to the drive supply voltage VDD, so 
that the potential of the N-type semiconductor substrate is 
raised and thereby the substrate bias is deepened. Further, 
When the control signal is at the L level, the NMOS 
transistors 17 and 18 and the PMOS transistor 19 are all 
turned off, With the result that the output of the substrate 
potential generating circuit 10 becomes the high impedance. 

[0059] Further, FIGS. 3A and 3B shoW a substrate poten 
tial generating circuit 10, respectively, used When still a 
deeper substrate bias is required. 

[0060] In the case of the P-type semiconductor substrate, 
as shoWn in FIG. 3A, a plurality of PMOS transistors 141, 
142, 143 and 144 are connected as a multi-stage (e.g., four 
stages as shoWn) substrate potential generating circuit. Fur 
ther, in the case of the N-type semiconductor substrate, as 
shoWn in FIG. 3B, a plurality of NMOS transistors 171, 172, 
173 and 174 are connected as a multi-stage (e.g., four stages 
as shoWn) of the substrate potential generating circuit. In 
both the cases, tWo adjacent outputs (1)1 and (1)2 of the 
oscillator circuit are determined 180 degrees out of phase 
from each other, so that the MOS transistors can be activated 
alternately. 

[0061] (Second Embodiment) 
[0062] FIG. 4 shoWs the second embodiment of the semi 
conductor integrated circuit device according to the present 
invention. In the semiconductor integrated circuit device 
shoWn in FIG. 4, a control circuit 35 and a substrate 
potential detecting circuit 40 are neWly added to the circuit 
device of the ?rst embodiment shoWn in FIG. 1. 

[0063] The substrate potential detecting circuit 40 detects 
the substrate potential (also referred to as substrate bias). On 
the other hand, the control circuit 35 drives the substrate 
potential generating circuit 10 and the sWitch circuit 30 on 
the basis of the control signal of the control circuit 35 and 
the detected value of the substrate potential detecting circuit 
40, in such a Way that the potential of the semiconductor 
substrate can be equalized to a set value. 

[0064] The operation of this second embodiment Will be 
described hereinbeloW. When the control signal is at an L 
level (i.e., When the MOSFET Whose threshold value is to be 
controlled is in operation status), the substrate potential 
generating circuit 10 is deactivated by the control circuit 35, 
so that the output of the substrate potential generating circuit 
10 becomes in a high impedance status. At this time, the 
sWitch circuit 30 is turned on. As a result, the potential of the 
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semiconductor substrate becomes equal to the voltage sup 
ply potential, so that the MOSFET Whose threshold value is 
to be controlled is loWered in the operation status. 

[0065] On the other hand, When the control signal is at an 
H level (i.e., When the MOSFET Whose threshold value is to 
be controlled is in standby status), the sWitch circuit 30 is 
turned off. In this case, When the substrate bias is shalloWer 
than a set value, the substrate potential generating circuit 10 
is driven by the control circuit 35 in such a Way that the bias 
of the semiconductor substrate can be deepened. Further, 
When the substrate bias is deepened beyond the set value, the 
substrate potential generating circuit 10 is deactivated by the 
control circuit 35, so that the output of the substrate potential 
generating circuit 10 becomes the high impedance. After 
that, the substrate bias is gradually shalloWed by the leak 
current flowing betWeen the source and the drain of the 
MOSFET Whose threshold value is to be adjusted (formed 
on the semiconductor substrate). Further, When the substrate 
bias is shalloWed beyond the set value, the substrate poten 
tial generating circuit 10 is driven again, so that the thresh 
old value of the MOSFET is controlled at a predetermined 
set value in the standby status. 

[0066] As described above, in the second embodiment of 
the semiconductor integrated circuit device according to the 
present invention, it is possible to control the threshold value 
thereof, Without use of any neW supply voltages other than 
the drive supply voltage VDD and the ground supply voltage 
GND. 

[0067] FIG. 5, FIG. 6A and FIG. 6B shoW a practical 
circuit construction of the substrate potential detecting cir 
cuit 40 used for the above-mentioned second embodiment, 
respectively. 

[0068] FIG. 5 shoWs a ?rst eXample of the substrate 
potential detecting circuit 40, Which is composed of n-units 
of series-connected PMOS transistors 411, 412, 413, . . . , 

41H. Each transistor operates in a sub-threshold range, and 
an output VOUt is derived from an intermediate junction 
node. In each PMOS transistor 41i (i=1, 2, . . . , n), each 
substrate terminal thereof is connected to each source ter 
minal thereof, and each gate terminal thereof is connected to 
each drain terminal thereof. Further, When the substrate 
Whose potential is to be detected is a P-type semiconductor 
substrate, the source terminal VX of the transistor 411 is 
connected to a drive supply voltage VDD, and the drain 
terminal VY of the transistor 41B is connected to the P-type 
semiconductor substrate. Further, When the substrate Whose 
potential is to be detected is an N-type semiconductor 
substrate, the source terminal VX of the transistor 411 is 
connected to the N-type semiconductor substrate, and the 
drain terminal VY of the transistor 41B is connected to the 
ground supply voltage. 

[0069] Further, FIG. 6A shoWs a second eXample of the 
substrate potential detecting circuit 40, Which is composed 
of n-units of series-connected PMOS transistors 411, 412, 
413, . . . , 411,, an inversion gate 42, an RS ?ip-?op 43 made 
up of tWo cross-connected NAND gates 431 and 432. Each 
transistor operates in a sub-threshold range. Further, tWo 
junction nodes A and B shoWn in FIG. 6A denote tWo 
different junction nodes of a transistor train. In the circuit 
construction as shoWn in FIG. 6A, the substrate potential 
detecting circuit 40 is provided With Schmidt gate charac 
teristics having a hysteresis Width corresponding to the 
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potential difference between the tWo junction nodes A and B 
as listed in FIG. 6B, so that it is possible to construct the 
substrate potential detecting circuit 40 Which is not suscep 
tible to the in?uence of noise. 

[0070] In the above-mentioned ?rst and second examples, 
although the substrate potential detecting circuit 40 is con 
structed by the PMOS transistors, it is of course possible to 
construct the detecting circuit 40 by use of NMOS transis 
tors. Further, another practical example of the substrate 
potential detecting circuit 40 is disclosed in Japanese Patent 
Application No. 8-11529 ?led by the same Applicant. 

[0071] FIG. 17 shoWs a practical construction of the 
control circuit 35 used for the second embodiment. The 
control circuit 35 is composed of an AND gate 101. The 
control signal and the output of the substrate potential 
detecting circuit 40 are both inputted to the AND gate 101. 
When the control signal is at the L level, the output of the 
AND gate 101 is at the L level, so that the substrate potential 
generating circuit 10 is deactivated. 

[0072] On the other hand, the case Where the control signal 
is at the H level Will be taken into account. When the 
substrate bias is shalloWer than a set value, since the output 
of the substrate potential detecting circuit 40 is at the H 
level, the output of the AND gate 101, that is, the control 
circuit 35 is at the H level. Therefore, the substrate potential 
generating circuit 10 is activated, to deepen the substrate 
bias. When the substrate bias becomes deeper beyond the set 
value, since the output of the substrate potential detecting 
circuit 40 becomes the L level, the output of the AND gate, 
that is, the control circuit 35 is at the L level, so that the 
substrate potential generating circuit 10 is deactivated. 

[0073] Further, precisely stating, the set value inputted to 
the substrate potential detecting circuit 40 is not inputted as 
a signal or a potential. Further, in the substrate potential 
detecting circuits as shoWn in FIGS. 5 and 6A, the inter 
mediate junction node for deriving the output VOut and the 
intermediate nodes A and B connected to the NAND gate 
431 and the inversion gate 42, respectively are both decided 
in such a Way that When the substrate potential VY is equal 
to the set value, the signal output VOut becomes equal to the 
input threshold value of the control circuit 35. 

[0074] (Third Embodiment) 
[0075] FIG. 7 shoWs the third embodiment of the semi 
conductor integrated circuit device according to the present 
invention. In the semiconductor integrated circuit device 
shoWn in FIG. 7, the substrate potential detecting circuit 40 
of the second embodiment semiconductor integrated circuit 
device is replaced With a leak current detecting circuit 50. 
This leak current detecting circuit 50 can detect the leak 
current of the MOSFET formed on the same substrate. When 
the substrate bias becomes shalloW, the leak current of the 
MOSFET becomes large. On the other hand, When the 
substrate bias becomes deep, the leak current of the MOS 
FET becomes small. FIG. 8 shoWs a practical eXample of 
the leak current detecting circuit, Which is disclosed in detail 
in Japanese Patent Application No. 7-225576 ?led by the 
same Applicant. In the leak current detecting circuit 50 
shoWn in FIG. 8, a leak current detecting N-channel MOS 
transistor MLn is provided to detect the leak current of an 
N-channel MOS transistor MLSI Which represents an LSI 
equivalently. To apply a gate voltage Vbn to this N-channel 
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MOS transistor MLn, tWo N-channel MOS transistors M1n 
and M2n and a P-channel MOS transistor Mgp are provided. 
The source of the N-channel MOS transistor M1n is 
grounded. The drain of the N-channel MOS transistor M2n 
is connected to the P-channel MOS transistor Mgp (as a 
current source transistor), and the source thereof M2n is 
connected to the drain of the N-channel MOS transistor M 1n. 
Further, the tWo gate terminals of the N-channel MOS 
transistors M1n and M2n are connected to the drains of the 
tWo transistors Mgp and M21“. Further, a junction point 
betWeen the drain terminal of the N-channel MOS transistor 
M1n and the source terminal of the N-channel MOS transis 
tor M2n is connected to the gate of the N-channel MOS 
transistor MLn for detecting the leak current of the N-channel 
MOS transistor MLSI. 

[0076] Here, the current value Ibp of the current source and 
the channel Widths of the tWo N-channel MOS transistors 
M1n and M2n are so selected that the tWo N-channel MOS 
transistors M1n and M2n can be operative Within the sub 
threshold range, respectively. When set as described above, 
the potential difference betWeen the gate terminal potential 
Vgn of the N-channel MOS transistor M1n and the ground 
potential GND is determined roughly equal to or loWer than 
the threshold value of the tWo N-channel MOS transistors 

M1n and M21“. 
[0077] Further, FIG. 18 shoWs a practical construction of 
the control circuit 35 used for this third embodiment. The 
control circuit 35 is composed of an AND gate 105. The 
control signal and the inversion output of the leak current 
detecting circuit 50 are both inputted to the AND gate 105. 

[0078] The operation of the third embodiment Will be 
described hereinbeloW. 

[0079] When the control signal is at an L level (i.e., When 
the MOSFET Whose threshold value is to be controlled is in 
operation status), the output of the control circuit 35, that is, 
the AND gate 105 is at the L level, so that the substrate 
potential generating circuit 10 is deactivated. Further, the 
sWitch circuit 30 is turned on. As a result, the potential of the 
semiconductor substrate becomes equal to the voltage sup 
ply potential, so that the threshold value of the MOSFET 
Whose threshold value is to be controlled is loWered. 

[0080] On the other hand, When the control signal is at an 
H level (i.e., When the MOSFET Whose threshold value is to 
be controlled is in standby status), the sWitch circuit 30 is 
turned off. In this case, When the substrate bias is shalloWer 
than a set value and thereby the leak current is larger than a 
set value, the output of the leak current detecting circuit 50 
is at the L level, so that the output of the control circuit 35 
is at the H level. Therefore, the substrate potential generating 
circuit 10 is driven to deepen the substrate bias. When the 
substrate bias becomes deep, the leak current decreases. 
When the leak current becomes smaller than the set value, 
the output of the leak current detecting circuit 50 becomes 
the H level. Therefore, the output of the control circuit 3 
becomes the L level, so that the substrate potential gener 
ating circuit 10 is deactivated. After that, the substrate bias 
is shalloWed gradually by the leak current ?oWing betWeen 
the source and the drain of the MOSFET formed on the 
semiconductor substrate. Further, When the leak current 
becomes larger than the set value, the substrate potential 
generating circuit 10 is driven again, so that the leak current 
of the MOSFET is controlled at a predetermined set value in 
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the standby status. In other Words, the threshold value of the 
MOSFET can be controlled in such a Way as to be set to a 

predetermined value at the standby time. 

[0081] As described above, in the third embodiment of the 
semiconductor integrated circuit device according to the 
present invention, it is possible to control the threshold value 
thereof, Without use of any supply voltages other than the 
drive supply voltage VDD and the ground supply voltage 
GND. 

[0082] (Fourth Embodiment) 
[0083] FIG. 9 shoWs the fourth embodiment of the semi 
conductor integrated circuit device according to the present 
invention. The semiconductor integrated circuit device 
shoWn in FIG. 9 can be used for a P-type semiconductor 
substrate, Which is composed of tWo pump circuits 61 and 
62, a PMOS transistor 63, and an NMOS transistor 64. 

[0084] When the MOSFET Whose threshold value is to be 
controlled is in standby mode, the tWo pump circuits 61 and 
62 are both activated to pump out electrons and further to 
send the pumped-out electrons to an output terminal thereof. 
HoWever, When the MOSFET is in operation mode, the tWo 
pump circuits 61 and 62 are both deactivated to change the 
outputs thereof to a high impedance, respectively. 

[0085] In the circuit shoWn in FIG. 9, a control signal is 
applied to the gate of the PMOS transistor 63; a supply 
voltage VDD is applied to the source thereof; and the drain 
thereof is connected to the output terminal of the pump 
circuit 62. Further, the gate of the NMOS transistor 64 is 
connected to the output of the pump circuit 62; a supply 
voltage GND is applied to the drain thereof; and the output 
of the pump circuit 61 and the P-type semiconductor are 
both connected to the source thereof. Here, the NMOS 
transistor 64 can be formed on the P-type semiconductor 
substrate on Which the MOSFET Whose threshold is to be 

controlled is formed. Or else, the NMOS transistor 64 can be 
formed on another P-type semiconductor substrate. In the 
case Where the NMOS transistor 64 is formed on another 

semiconductor substrate, it is necessary to equaliZe the 
threshold value of another P-type semiconductor substrate to 
that of the P-type semiconductor substrate on Which the 
MOSFET Whose threshold is to be controlled is formed. 

[0086] In this fourth embodiment, the pump circuit 61 
corresponds to the substrate potential generating circuit 10 
of the ?rst embodiment, and the pump circuit 62, the PMOS 
transistor 63 and the NMOS transistor 64 correspond to the 
sWitch circuit 30. Further, the output capacitance of the 
pump circuit 62 is so selected as to be suf?ciently smaller 
than that of the pump circuit 61. 

[0087] The operation of this fourth embodiment Will be 
described hereinbeloW. When the MOSFET Whose threshold 
value is to be controlled is in standby mode, the tWo pump 
circuits 61 and 62 are both activated, so that electrons are 
pumped out and further sent to each output terminal thereof. 
In the standby mode, since the control signal is at an H level, 
the PMOS transistor 63 is turned off, so that the potential at 
the gate and the source of the NMOS transistor 64 drops. 
HoWever, since the output capacitance of the pump circuit 
62 is suf?ciently smaller than that of the pump circuit 61, the 
NMOS transistor 64 is perfectly turned off. As a result, the 
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potential of the P-type semiconductor substrate becomes 
equal to the output potential (loWer than GND) of the pump 
circuit 61, so that the threshold value can be raised. 

[0088] In contrast With this, When the MOSFET Whose 
threshold value is to be controlled is in operation mode, the 
tWo pump circuits 61 and 62 are both deactivated, so that 
both the outputs thereof are at a high impedance, respec 
tively. In this operation mode, since the control signal is at 
an L level, the PMOS transistor 63 is turned on, so that the 
potential at the gate and the source of the NMOS transistor 
64 rises, so that the NMOS transistor 64 is turned on. As a 
result, the potential of the P-type semiconductor substrate 
becomes equal to the ground potential GND, so that the 
threshold value can be loWered. 

[0089] As described above, in the fourth embodiment of 
the semiconductor integrated circuit device according to the 
present invention, it is possible to control the threshold value 
thereof, Without use of any supply voltages other than the 
drive supply voltage VDD and the ground supply voltage 
GND. 

[0090] (Fifth Embodiment) 
[0091] FIG. 10 shoWs the ?fth embodiment of the semi 
conductor integrated circuit device according to the present 
invention. The semiconductor integrated circuit device 
shoWn in FIG. 10 can be used for an N-type semiconductor 
substrate, Which is composed of tWo pump circuits 71 and 
72, an inversion gate 70, an NMOS transistor 73, and a 
PMOS transistor 74. 

[0092] When the MOSFET Whose threshold value is to be 
controlled is in standby mode, the tWo pump circuits 71 and 
72 are both activated to pump out electrons and to send the 
pumped-out electrons to the output terminal thereof, respec 
tively. On the other hand, When the MOSFET is in operation 
mode, the tWo pump circuits 71 and 72 are both deactivated 
to change the outputs thereof to a high impedance, respec 
tively. 

[0093] In the circuit shoWn in FIG. 10, a control signal is 
applied to the gate of the NMOS transistor 73 via the 
inversion gate 70. The source of the NMOS transistor 73 is 
connected to the ground supply voltage GND, and the drain 
thereof is connected to the output terminal of the pump 
circuit 72. Further, the gate of the PMOS transistor 74 is 
connected to the output of the pump circuit 72; the drain 
thereof is connected to the drive supply voltage VDD; and the 
source thereof is connected to the output of the pump circuit 
71 and the N-type semiconductor. Here, the PMOS transistor 
74 can be formed on the N-type semiconductor substrate on 
Which the MOSFET Whose threshold is to be controlled is 
formed. Or else, the PMOS transistor 74 can be formed on 
another N-type semiconductor substrate. In the case Where 
the PMOS transistor 74 is formed on another semiconductor 
substrate, it is necessary to equaliZe the threshold value of 
another N-type semiconductor substrate to that of the N-type 
semiconductor substrate on Which the MOSFET Whose 
threshold is to be controlled is formed. 

[0094] The operation of this ?fth embodiment Will be 
described hereinbeloW. When the MOSFET Whose threshold 
value is to be controlled is in standby mode, the tWo pump 
circuits 71 and 72 are both activated, so that electrons are 
pumped out and sent to each output terminal thereof, respec 
tively. 










