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[57] ABSTRACT

In a constant voltage generating circuit, a predeter-
mined voltage outputted by voltage applying means
connected between first and second power source ter-
minals is simultaneously applied to the control electrode
of a first MOS transistor of a first polarity and the con-
trol electrode of a second MOS transistor of a second
polarity which are provided complementarily, and a
voltage obtained by subtracting the threshold voltage of
the first MOS transistor from the potential at the con-
trol electrode of the first MOS transistor is applied to
the control electrode of a third MOS transistor of the
second polarity while a voltage obtained by adding the
potential at the control electrode of the second MOS
transistor to the threshold volitage of the second MOS
transistor is applied to a fourth MOS transistor of the
first polarity, so that each of the third and fourth MOS
transistors is operated in the critical state between the
conductive state and the non-conductive state, whereby
positive or negative noise voltage included in the output
voltage of the circuit is quickly eliminated.

This is a Reissue of a Patent which was the subject of

a Reexamination Certificate No. Bl 4,670,706, dated
Jul. 25, 1989, Request No. 90/001689.
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1
CONSTANT VOLTAGE GENERATING CIRCUIT

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

BACKGROUND OF THE INVENTION

This invention relates to constant voltage generating
circuits, and more particularly to a constant voitage
generating circuit in the form of a semiconductor inte-
grated circuit.

In the following description, insulated gate field-
effect transistors will be referred to as “MOS transis-
tors”, when applicable.

One example of a conventional constant voltage gen-
erating circuit is as shown in-FIG. 5. In this circuit, a
predetermined voltage is applied to a power source
terminal 1, and a series circuit of a resistor 3 having a
resistance Rz and a resistor 4 having a resistance Ry is
connected between the terminal 1 and ground. The
connecting point 2 of the resistors 3 and 4 is an output
terminal from which the output voltage of the constant
voltage generating circuit is applied. A decoupling ca-
pacitor § for stabilizing the output voltage at the output
terminal 2 is connected between the connecting point 2
and ground.

The operation of the conventional constant voltage
generating circuit thus organized will now be de-
scribed.

In the circuit of FIG. 5, the output voltage at the
output terminal 2 is determined from the supply voliage
at the power source terminal 1 and the resistance of the
resistors 3 and 4. That is, the output voltage V3 at the
output terminal 2 is:

R4

mn
l=R3+R4V .

Vi

where V is the supply voltage at the power. source
terminal 1.

As is apparent from equation (1), the output voltage
V; changes in proportion to the supply voltage V.
Therefore, the constant voltage generating circuit in
FIG. § is employed as a voltage source where it is ac-
ceptable for the output voltage to follow the supply
voltage, such as a reference voltage source in a sense
amplifier circuit for a dynamic random access memory.

FIG. 6 shows another example of a conventional
constant voltage generating circuit. In the circuit of
FIG. 6, a predetermined voltage is applied to a power
source terminal 11, and a series circuit of a resistor 13
and a plurality of N-type MOS transistors 16a through
16n is connected between the terminal 11 and ground.
In each of the MOS transistors, the drain electrode is
connected to the gate electrode. Each of the MOS tran-
sistors has a threshold voltage Vryn. The connecting
point 12 of the resistor 13 and the N-type MOS transis-
tor 16a, i.e, an output terminal, is grounded through a
decoupling capacitor 15 adapted to stabilize the output
voltage of the output terminal 12.

The operation of the circuit shown in FIG 6 will be
now described. In the case where the resistance of the
resistor 13 is higher than the resistance of the N-type
MOS transistors 16a through 16n which are turned on,
then the output voltage V1, at the output terminal 12 is:
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Viy=nVrun 12

Accordingly, the output Vjzis maintained constant
irrespective of the variation of the supply voltage at the
power source terminal 11. Therefore, the constant volt-
age generating circuit in FIG 6 is employed as a voltage
source in which the output voltage is independent of the
supply voltage, such as a reference voltage source for a
MOS side differential amplifier circuit in the transition
from TTL level to MOS level.

In the circuit of FIG. 5, a DC current flows through
the resistors 3 and 4. In the circuit of FIG. 6, a DC
current flows through the resistor 13 and the N-type
MOS transistors 16a through 16n. Therefore, it is neces-
sary to increase the resistance of the resistors 3, 4 and 13
as much as possible (several megohms to several tens of
megohms) to decrease the DC currents as much as
possible, to thereby minimize the power consumption of
the circuits. However, if the resistances are increased,
then the output voltage are liable to be affected by noise
which is produced in the operation of the integrated
circuit. Therefore, the output voltage must be stabilized
by connecting a decoupling capacitor (generally 10 pF
to 100 pF) such as the capacitor § in FIG. 5 or the
capacitor 15 in FIG. 15. Such a decoupling capacitor
occupies a relatively large part of the area of the semi-
conductor chip. This is one of the difficulties accompa-
nying the conventional constant voltage generating
circuit.

In a dynamic random access memory to which the
above-described constant voltage generating circuits
can be applied supply voltage variation is commonly
tested by repeatedly increasing and decreasing the sup-
ply voltage between 4.5 V and 5.5 V. In this connection,
the conventional constant voltage generating circuits
suffer from the difficulty that, because of the large resis-
tance and the large stabilizing capacitance, the output
voltage of the constant generating circuit cannot
quickly follow the variation of the supply voltage; that
is, it takes time for the output voltage to reach the pre-
determined value, as a result of which the time required
for a supply voltage variation test is unavoidably long.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to elimi-
nate the above-described difficulties accompanying a
conventiona! constant voltage generating circuit.

More specifically, an object of the invention is to
provide a constant voltage generating circuit in which a
pair of MOS transistors are complementarily provided
in the output stage thereof, and each of these transistors
is operated in the critical state between the conductive
state and the nonconductive state thereof to quickly
eliminated noise voltage which may be included in the
output voltage of the circuit, whereby the power con-
sumption is reduced while the output voltage is main-
tained free from noise voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more clearly understood from
the following description in conjunction with the ac-
companying drawings, wherein:

FIG. 1 is a schematic diagram of a first embodiment
of a constant voltage generating circuit according to the
present invention;



Re. 34,290

3

FIG. 2 is a schematic diagram of a second embodi-
ment of the constant voltage generating circuit accord-
ing to the present invention;

FIG. 3 is a schematic diagram of a third embodiment
of the constant voltage generating circuit according to
the present invention;

FIG. 4 is a schematic diagram of a fourth embodi-
ment of the constant voltage generating circuit accord-
ing to the present invention;

FIG. § is a schematic diagram of a constant voltage
generating circuit having an output voltage variable
with supply voltage; and

FIG. 6 is a schematic diagram of a conventional con-
stant voltage generating circuit having an output volt-
age independent of supply voltage.

DETAILED DESCRIPTION OF THE
INVENTION

A first example of a constant voltage generating cir-
cuit according to this invention is shown in FIG. 1. In
this circuit, a predetermined voltage is applied to a first
power source terminal 31. A series circuit of a resistor
33 having a resistance R33 and a resistor 34 having a
resistance Rig4is connected between the terminal 31 and
ground. The connecting point 32 of the resistors 33 and
34 is connected to the gate electrode of a P-type MOS
transistor 35, the source electrode of which is con-
nected through a connecting point 36 and a resistor 37
to the first power source terminal 31. The drain elec-
trode of the P-type MOS transistor 35 is grounded. The
connecting point 32 is further connected to the gate
electrode of an N-type MOS transistor 38, the drain
electrode of which is connected to the first power
source terminal. The source electrode of the transistor
38 is grounded through a connecting point 39 and a
resistor 40. The connecting point 36 is connected to the
gate electrode of an N-type MOS transistor 41, the
drain electrode of which is connected to the first power
source terminal 31. The connecting point 39 is con-
nected to the gate electrode of a P-type MOS transistor
42, the drain electrode of which is grounded. The
source electrodes of the N-type MOS transistor 41 and
the P-type MOS transistor 42 are connected together,
thus providing an output terminal 43.

The operation of the circuit shown in FIG. 1 will
now be described. In circuit of FIG 1, the voltage at the
connecting point 32 is determined from the supply volt-
age at the terminal 31 and the resistances of the resistors
33 and 34. That is, the voltage V33 at the connecting
point 32 can be represented by the following equation:

Riq (3)

Vi = Ri1 + Ria v
where V is the supply voltage provided at the terminal
a1

The resistors 33 and 34 are electrically insulated from
the output terminal 43 and therefore not affected by the
noise provided at the output terminal 43. Accordingly,
the resistances of the resistors 33 and 34 can be set to
high values so that a DC current flowing through the
resistors is decreased.

The resistance of the resistor 37 is set to more than
100 times the resistance of the P-type MOS transistor 35
provided when the latter 35 is turned on. When, under
this condition, the voltage V33 at the connecting point
32 s applied to the gate electrode of the MOS transistor
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35, the voltage V3¢ at the source electrode of the MOS
transistor 35, i.e, at the connecting point 36, is:
Vie=Va+|Vrup (L))
where V rypis the threshold voltage of the P-type MOS
transistor 35.

That is, voltage at the connecting point 36 is the sum
of the gate potential of the P-type MOS transistor 35
and its threshold voltage.

On the other hand, the resistance of the resistor 40 is
set to more than 100 times the resistance of the N-type
MOS transistor 38 provided when the latter 38 is turned
on. When, under this condition, the voltage V33 at the
connecting point 32 is applied to the gate electrode of
the N-type MOS transistor 38, the voltage at the source
electrode of the MOS transistor 38, i.e., at the connect-
ing point 39, is as follows:

Vag=V3y-Vrun (&)
where Vryn is the threshold voltage of the N-type
MOS transistor 38.

That is, the voltage at the connecting point 39 is
obtained by subtracting the threshold voltage of the
MOS transistor 38 from its gate potential.

The voltage V3¢ at the connecting point 36 is applied
to the gate electrode of the N-type MOS transistor 41,
and the voltage V39 at the connecting point 39 is applied
to the gate electrode of the P-type MOS transistor 42.
For convenience in description, let it first be assumed
that the N-type MOS transistor 41 and the P-type MOS
transistor 42 are not connected to one another at the
output terminal 43. In this case, the source potential
Va3 is lower by the threshold voltage than the gate
potential V3¢ and therefore the source potential V43 is:

(6

Vay Vig — VTN

Vi + [¥rapl — Vrun

On the other hand, the P-type MOS transistor 42 is
rendered conductive only when the source potential
V43 becomes equal to or higher than the sum of the
gate potential V3o and the absolute value of the thresh-
old value.

Therefore,

Y

Vaz» Vig + | Vrar|

= Va2 + |Vrap| — Vran
From the equations (6) and (7),

&)

Ve Vi = Va3

Viaz + |Vrup| — Vrun

The equation (8) means that, even if the output termi-
nal 43 is connected, no current flows, and the voltage at
the output terminal 43 is maintained constant,
Va+ |Vrar| —VranN.

Under this condition, each of the MOS transistors 41
and 42 operates in a critical state between an “on” state
and an “off”’ state. Therefore, for instance when a posi-
tive noise voltage is provided at the output terminal 43,
the P-type MOS transistor 42 is rendered conductive to



Re. 34,290

5
eliminate the noise voltage. Similarly, when a negative
noise voltage is provided at the output terminal 43, the
N-type MOS transistor 41 is rendered conductive to
eliminate the noise voltage.

As is apparent from the equation (8), the output volt-
age at the output terminal 43 is determined only by the
voltage at the connecting point 32 and the threshold
voltages of the MOS transistors, and is completely inde-
pendently of the resistances of the MOS transistors
which are provided when the latter are rendered con-
ductive (on) (hereinafter referred to as “‘on-resistances”
when applicable).

Accordingly, the on-resistances of the MOS transis-
tors 41 and 42 forming the output stage of the constant
voltage generating circuit can be freely decreased. Ac-
cordingly, in the case when the output voltage at the
output terminal 43 includes a noise voltage, the output
impedance of the constant voltage gemerating circuit
can be decreased, and therefore the noise voltage can be
eliminated quickly.

FIG. 2 shows a second example of the constant volt-
age generating circuit according to the invention. The
circuit shown in FIG. 2 is equal to that shown in FIG.
1 except for the following point. Instead of the resis-
tance 34 in FIG. 1, a series circuit of an N-type MOS
transistors 44a through 44n are connected between the
connecting point 32 and ground. A circuit made up of
the power source terminal 31, the resistor 33, and the
N-type MOS transistors 44a through 44n is equivalent
to the conventional constant voltage generating circuit
shown in FIG. 6. A constant voltage V3, is provided at
the connecting point 32 irrespective of the supply volt-
age at the power source terminal 31.

That is, if the resistance of the resistor 33 is set to
about 100 times the on-resistance of the N-type MOS
transistors 44a through 44n, then the voltage V3; at the
connecting point 32 is:

V32 nVTHN ®

The operation of the circuit of FIG. 2 subsequent to
the connecting point 32 is the same as that in FIG. 1.
Therefore, the output voltage Va3 at the output terminal
43 can be represented by the following equation (10):

Va=nVrun+ |VIup| - VTaN

FIG. 3 shows a third example of the constant voltage
generating circuit according to the invention. The cir-
cuit of FIG. 3 is similar to the circuit shown in FIG. 1
except for the following point: In the first example
shown in FIG. 1, each of the MOS transistors 41 and 42
operates in the critical state between the “on” state and
the “off” state. Therefore, in the case where, because of
variations in manufacture, the threshold voltages of the
MOS transistors 41 and 42 are not equal to those of the
MOS transistors 35 and 38, both of the MOS transistors
41 and 42 may be rendered conductive simultaneously,
as a result of which unwanted current may flow be-
tween the power source terminal 31 and ground.

In order to overcome the difficulty, in the circuit of
FIG. 3, a resistor 47 is connected between the resistors
33 and 34, and the connecting points 45 and 46 are
connected to the gate electrodes of the MOS transistors
35 and 38, respectively, so that a potential difference
corresponding to a voltage drop across the resistor 47 is
provided between the gates of the MOS transistors.
Accordingly, in the circuit of the FIG. 3, the P-type
MOS transistor 42 operates in the *“off’ region accord-
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6
ing to the voltage drop by the resistor 47, which com-
pensates for the variations in threshold voltage of the
MOS transistors which may be caused during manufac-
ture.

FIG. 4 shows a fourth example of the constant voli-
age generating circuit. The circuit of F1G. 4is similar to
that of FIG. 1 except for the following point: In the
circuit of FIG. 4, high resistance MOS transistors 33',
34, 37" and 40’ are employed instead of the resistors 33,
34, 37 and 40 in FIG. 1 because a MOS transistor resis-
tance element is higher in resistance and smaller in oc-
cupied area than a diffusion layer or polysilicon resis-
tance element

As is apparent from the above description, according
to the invention, the complementarily coupled MOS
transistors are provided in the output stage of the con-
stant voltage generating circuit, and each of the MOS
transistor is operated in the critical state between the
“on” state and the “off state. Therefore, positive or
negative noise voltages included in the output voltage
can be quickly suppressed. Furthermore, when no noise
is included in the output voltage, current scarcely flows
between the power source terminal and the ground, and
therefore the power consumption is decreased as much.
In addition, since no capacitor for stabilizing the output
voltage is required, the tracking characteristic of the
output voltage with respect to the supply voltage varia-
tion can be improved, and the time required for a supply
voltage variation test or the like can be shortened.

What is claimed is:

[1. A constant voltage generating circuit compris-
ing:

a first insulated gate field-effect transistor of a first
polarity having a pair of main electrodes and a
control electrode and connected between a first
power source terminal and an output terminal;

a second insulated gate field-effect transistor of a
second polarity having a pair of main electrodes
and a control electrode and connected between
said output terminal and a second power source
terminal; and

control voltage applying means for applying a first
intermediate potential provided between a first
potential at said first power source terminal and a
second potential at said second power source ter-
minal to the control electrode of said first insulated
gate field-effect transistor, and for applying a sec-
ond intermediate potential provided between said
first potential and said second potential to the con-
trol electrode of said second insulated gate field-
effect transistor, said first intermediate potential
being at all times greater than said second interme-
diate potential by substantially the sum of the

" threshold voltages of said first and second insulated
gate field-effect transistors.]

2. A constant voltage generating circuit comprising:

a first insulated gate field-effect transistor of a first
polarity having a pair of main electrodes and a
control electrode and connected between a first
power source terminal and an output terminal;

a second control insulated gate field-effect transistor
of a second polarity having a pair of main elec-
trodes and a control electrode and connected be-
tween said output terminal and a second power
source terminal;

control voltage generating means for applying a first
intermediate potential provided between a first
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potential at said first power source terminal and a
second potential at said second power source ter-
minal to the control electrode of said first insulated
gate field effect transistor, and for applying a sec-
ond intermediate potential provided between said
first potential and said second potential to the con-
trol electrode of said second insulated gate field-
effect transistor, said first intermediate potential
being at all times greater than said second interme-
diate potential by substantially the sum of threshold
voltages of said first and second insulated gate
field-effect transistors, said control voltage gener-
ating means comprising:

voltage division potential means connected between

said first and second power source terminals, for
providing a voltage division potential at an output
node;

first control voltage generating means having a third

insulated gate field-effect transistor of said second
polarity, said third insulated gate field-effect tran-
sistor having a pair of main electrodes and a con-
trol electrode, one of said pair of main electrodes
being connected to said first power source terminal
through a first load element and to the control
electrode of said first insulated gate field-effect
transistor, the other main electrode being con-
nected to said second power source terminal, and
said control electrode being connected to said out-
put node of said voltage division potential generat-
ing means, for providing said first intermediate
potential at said one main electrode; and

second control voltage generating means having a

fourth insulated gate field-effect transistor of said
first polarity; said fourth insulated gate field-effect
transistor having a pair of main electrodes and a
control electrode, one of said main electrodes being
connected to said second power source terminal
through a second load element and to the control
electrode of said second insulated gate field-effect
transistor, the other main electrode being con-
nected to said first power source terminal, and said
control electrode being connected to said output
node of said voltage division potential generating
means, for providing said second intermediate po-
tential at said one main electrode of said fourth
insulated gate field-effect transistor.

3. A constant voltage generating circuit as claimed in
claim 2, in which said first intermediate potential pro-
vided by said first control voltage generating means is
the sum of said voltage division potential and the
threshold voltage of said third insulated gate field-effect
transistor, and said second intermediate potential pro-
vided by said second control voltage generating means
is the difference obtained by subtracting the threshold
voltage of said fourth insulated gate field-effect transis-
tor from said voltage division potential. B

4. A constant voltage generating circuit as claimed in
claim 2, in which said first load element in said first
control voltage generating means is a fifth insulated
gate field-effect transistor of said first polarity, and said
second load element in said second control voltage
generating means is a sixth insulated gate field-effect
transistor of said second polarity.

8. A constant voltage generating circuit as claimed in
claim 2, in which:

said voltage division potential generating means has a

seventh insulated gate field-effect transistor of said
first polarity connected between said first power
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8
source terminal and said output node, and an eighth
insulated gate field-effect transistor of said second
polarity connected between said output node and
said second power source terminal, and

said first load element in said first control voltage
generating means is a fifth insulated gate field-
effect transistor of said first polarity, and said sec-
ond load element in said second control voltage
generating means is a sixth insulated gate field-
effect transistor of said second polarity.

6. A constant voltage generating circuit as claimed in
claim 19, in which said control voltage applying means
comprises:

voltage division potential generating means having
first and second output nodes, a first resistive ele-
ment connected between said first power source
terminal and said first output node, a second resis-
tive element connected between said first and sec-
ond output nodes, and a third resistive element
connected between said second output node and
said second power source terminal;

first control voltage generating means comprising a
third insulated gate field-effect transistor of said
second polarity having a pair of main electrodes
and a control electrode, one of said main electrodes
being connected to said first power source terminal
through a first load element and to the control
electrode of said first insulated gate field-effect
transistor, the other main electrode being con-
nected to said second power source terminal, and
said control electrode being said second output
node of said voltage division potential generating
means, for providing said first intermediate poten-
tial at said one main electrode of said third insu-
lated gate field effect transistor; and

second control voltage generating means comprising
a fourth insulated gate field-effect transistor of said
first polarity having a pair of main electrodes and a
control electrode, one of said main electrodes being
connected to said second power source terminal
through a second load element, the other main
electrode being connected to said first power
source terminal, and said control electrode being
connected to first output node of said voltage divi-
sion potential generating means, for providing said
second intermediate potential at said one main elec-
trode of said fourth insulated gate field-effect tran-
sistor.

7. A constant voltage generating circuit, comprising:

a first insulated gate field-effect transistor having a
pair of main electrodes and a control electrode and
connected between a first power source terminal
and an output terminal;

a second insulated gate field-effect transistor having a
‘pair of main electrodes and a control electrode and
connected between said output terminal and a sec-
ond power source terminal;

voltage division potential generating means con-
nected between said first and second power source
terminals, for providing a voltage division potential
at an output node thereof;

a third insulated gate field-effect transistor of said
second polarity having a pair of main electrodes
and a control electrode, one of said main electrodes
being connected to said first power source terminal
through a first load element and to the control
electrode of said first insulation gate field-effect
transistor, the other main electrode being con-
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nected to said second power source terminal, and
said control electrode being connected to said out-
put node of said voltage division potential generat-
ing means; and )

a fourth insulated gate field-effect transistor of said
first polarity having a pair of main electrodes and a
control electrode, one of said main electrodes being
connecting to said second power source terminal
through a second load element and to the control
electrode of said second insulated gate field-effect
transistor, the other main electrode being con-
nected to said first power source terminal, and said
control electrode being connected to said output
node of said voltage division potential generating
means.

8. A constant voltage generating circuit as claimed in
claim 7, in which each of said first and second insulated
gate field-effect transistors operates in the critical state
between the conductive state and the non-conductive
state thereof.

9. A constant voltage generating circuit as claimed in
claim 7, which said voltage division potential generat-
ing means comprises: a first resistive element connected
between said first power source terminal and said out-
put node; and a second resistive element connected
between said second power source terminal and said
output node.

10. A constant voltage generating circuit as claimed
in claim 9, in which said second resistive element is a
series circuit of a plurality of insulated gate field-effect
transistors.

11. A constant voltage generating circuit as claimed
in claim 9, in which said first resistive element is a sev-
enth insulated gate field-effect transistor of said first
polarity, and said second resistive element is an eighth
insulated gate field-effect transistor of said second po-
larity.

12. A constant voltage generating circuit as claimed
in claim 7, in which said first load element is a fifth
insulated gate field-effect transistor of said first polarity,
and said second load element is a sixth insulated gate
field-effect transistor of said second polarity, and said
voltage division potential generating means comprises:
a seventh insulated gate field-effect transistor of said
first polarity connected between said first power source
terminal and said output node; and an eighth insulated
gate field-effect transistor of said second polarity con-
nected between said output node and said second power
source terminal.

13. A constant voltage generating circuit, compris-
mg:

a first insulated gate field-effect transistor of a first
polarity having a pair of main electrodes and a
contro! electrode, said first insulated gate field-
effect transistor being connected between a first
power source terminal and an output terminal;

a second insulated gate field-effect transistor of a
second polarity having a pair of main electrodes
and a control electrode and connected between
said output terminal and a second power source
terminal;

voltage division potential generating means con-
nected between said first power source terminal
and said second power source terminal and having
first and second nodes, for providing first and sec-
ond voltage division potentials respectively at said
first and second nodes, said first voltage division

10

15

20

25

35

40

45

50

55

60

65

10
potential being higher than said second voltage
division potential;

a third insulated gate field-effect transistor of said
second polarity having a pair of main electrodes
and a control electrode, one of said main electrodes
being connected to said first power source terminal
through a first load element and to the control
electrode of said first insulated gate field-effect
transistor, the other main electrode being con-
nected to said second power source terminal, and
said control electrode being connected to said sec-
ond output node of said voltage division potential
generating means; and .

a fourth insulated gate field-effect transistor of said
first polarity having a pair of main electrodes and a
control electrode, one of said main electrodes being
connected to said second power source terminal
through a second load element and to the control
electrode of said second insulated gate field-effect
transistor, the other main electrode being con-
nected to said first power source terminal, and said
control electrode being connected to said first out-
put node of said voltage division potential generat-
ing means.

14. A constant voltage generating circuit as claimed
in claim 11, in which said voltage division potential
generating means comprises: a first resistive element
connected between-said first power source terminal and
said first output node; a second resistive element con-
nected between said first and second output nodes; and
a third resistive element connected between said second
output node and said second power source terminal.

15. A constant voltage generating circuit as claimed
in claim 12, in which each of said first and second insu-
lated gate field-effect transistor operates in the critical
state between the conductive state and the non-conduc-
tive state thereof.

[16. A constant voltage generating circuit, compris-
ing:

a first output transistor of a first polarity and having
its conduction path coupled between a first source
potential and an output terminal;

a second output transistor of a second polarity and
having its conduction path coupled between said
output terminal and a second source potential;

each of said first and second output transistors having
a control electrode and having a conductive state,
a non-conductive state and a critical range between
the conductive and non-conductive states where
the potential difference between its control elec-
trode and output terminal is substantially equal to
the threshold voltage of the transistor; and

control means for providing control voltages to con-
trol electrodes of said first and second output tran-
‘sistors to simultaneously operate both of said out-
put transistors in said critical range between their
off and on states.}

[17. A constant voltage generating circuit, compris-

ing:

a first insulated gate field-effect transistor of a first
polarity having a pair of main electrodes and a
control electrode and connected between a first
power source terminal and an output terminal;

a second insulated gate field-effect transistor of a
second polarity having a pair of main electrodes
and a control electrode and connected between
said output terminal and a second power source
terminal; and
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control voltage applying means for applying a first
intermediate potential provided between a first
potential at said first power source terminal and a
second potential at said second power source ter-
minal to the control electrode of said first insulated
gate field-effect transistor, and for applying a sec-
ond intermediate potential provided between said
first potential and said second potential to the con-
trol electrode of said second insulated gate field-
effect transistor, said first and second intermediate
potentials changing in response to changes in said
first and second potentials to change the conduc-
tivities of said first and second output transistors
and maintain a constant voltage at said output ter-

minal despite fluctuations in said first or second
potentials.]
18. A constant voltage generating circuit, compris-
ing:

a first insulated gate field-effect transistor of a first
polarity having a pair of main electrodes and a
control electrode and connected between a first
power source terminal and an output terminal;

a second insulated gate field-effect transistor of a
second polarity having a pair of main electrodes
and a control electrode and connected between
said output terminal and a second power source
terminal;

control voltage applying means for applying a first
intermediate potential provided between a first
potential at said first power source terminal and a
second potential at said second power source ter-
minal to the control electrode of said first insulated
gate field-effect transistor, and for applying a sec-
ond intermediate potential provided between said
first potential and said second potential to the con-
trol electrode of said second insulated gate field
effect transistor, said first intermediate potential
being at all times greater than said second interme-
diate potential by substantially the sum of the
threshold voltage of the said first and second insu-
lated gate field effect transistors, said first and sec-
ond intermediate potential applying means com-
prising transistors of said second and first polari-
ties, respectively.

19. A constant voltage generating circuit comprising:

a first insulated gate field-effect transistor of a first
polarity having a pair of main electrodes and a
control electrode and connected between a first
power source terminal and an output terminal;

a second control insulated gate field-effect transistor
of a second polarity having a pair of main elec-
trodes and a control electrode and connected be-
tween said output terminal and a second power
source terminal; and
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control voltage applying means for applying a first
intermediate potential provided between a first
potential at said first power source terminal and a
second potential at said second power source ter-
minal to the control electrode of said first insulated
gate field effect transistors, and for applying a sec-
ond intermediate potential provided between said
first potential and said second potential to the con-
trol electrode of said second insulated gage field-
effect transistor, said first intermediate potential
being at all times greater than said second interme-
diate potential by substantially the sum of the abso-
lute value of the threshold voltage of said first
insulated gate field-effect transistor and the thresh-
old voltage of said second insulated gate field effect
transistor minus a predetermined voltage, said first
and second intermediate potential applying means
comprising transistors of said second and first po-
larities, respectively.]}

20. A constant voltage generating circuit, comprising:

a first output transistor of a first polarity and having its
conduction path coupled between a first power source
terminal and an output terminal;

a second output terminal of a second polarity and having
its conduction path coupled between said output ter-
minal and a second power source terminal;

each of said first and second output transistors having a
control electrode and having a conductive state, a
non-conductive state and a critical range between the
conductive and non-conductive states where the poten-
tial difference between its control electrode and output
terminal is substantially equal to the threshold voltage
of the transistor; and

control means for providing control voltages to control
electrodes of said first and second output transistors to
simultaneously operate both of said transistors in said
critical range between their off and on states and such
that said first output transistor conducts if a negative
noise voltage occurs at said output terminal and said
second output transistor conducts if a positive noise
voltage occurs at said output terminal.

21. The constant voltage generating circuit of claim 20,
wherein said control voltage providing means comprises
means for generating a predetermined voltage which is
independent of a potential difference between said first and
second power source terminals.

22. The constant voltage generating circuit of claim 20,
wherein said second control voltage has a value such that
said second output transistor is operated in said non-con-
ductive state.

23. The constant voltage generating circuit of claim 20,
wherein said second control voltage has a value such that
said second output transistor is operated in said non-con-
ductive state to compensate for variations in threshold

voltages of said first and second outupt transistors.
* . [ ] * *



