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@ Reference voltage generation circuit.

@ A reference voltage generation circuit is pro-
vided, including first and second NPN type bipolar
transistors (11, 12), each, having a collector, emitter
and a base, the collectors of these bipolar transistors
being connected to a power supply potential and the
bases of the bipolar fransistors being commonly
connected together, and a differential-input amplifier
(16) having an output terminal connected to that
common base node of the bipolar transistors. A
series circuit of first and second resistors (13, 14) is
connected between a non-inverting input terminal of
the amplifier and a ground potential and a third
resistor (15) is connected between an inverting input
terminal of the differential-input amplifier (16) and
the ground potential. A starting circuit (30) has an
output node connected to a connection node of the

first and second resistors and generates a potential
close to a power supply potential after a power
supply is turned ON.
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The present invention relates to a reference
voltage generation circuit incorporated into a semi-
conductor integrated circuit and, in particular, fo a
reference voltage generation circuit whose circuit
operation is not affected by the characteristic of
elements, intrusion of noise.

A reference voltage generation circuit incor-
porated into a semiconductor integrated circuit is
shown in U.S. Patent No. 4,263,519 issued to
Schade, Jr. The reference voltage generation cir-
cuit includes two NPN type bipolar transistors,
three resistors for determining a reference voltage
level, differential-input amplifier and two resistors
for starting. In the reference voltage generation
circuit, different emitter currents flow through the
two NPN type bipolar transistors and, due to the
emitter currents of these transistors, voltage drops
occur across the two resistors one connected be-
tween the non-inverting input terminal of the dif-
ferential-input amplifier and a ground potential node
and one connected between the inverting input
terminal of the differential-input amplifier and the
ground potential node. Both the drop voltages are
supplied to the differential-input amplifier and a
voltage on the output terminal of the differential-
input amplifier is applied to the bases of the tran-
sistors to provide a negative feedback. As a resulf,
a reference voltage of a predetermined level cor-
responding to the values of the above three resis-
tors, power supply voltage and temperature voltage
Vr (kT/g = 0.0259V) is obtained as an output of
the differential-input amplifier.

Further, when the circuit is incorporated into
the integrated circuit, an input offset voltage occurs
in the differential-input amplifier due to some
causes, such as a variation in the characteristic of
elements in manufacture. There are, sometimes,
the cases where, due to the input offset voltage
involved, a potential on the output terminal stays at
a ground level without any normal operation at a
time of turning a power supply ON. With the use of
two resistors for starting, therefore, a voltage higher
than the ground potential is applied to the bases of
the two transistors upon the turning ON of the
power supply and, by so doing, a normal operation
is secured in this case. Further, even during the
normal operation, a reference voltage of a normal
level sometimes skips to a ground level due to the
intrusion of noise, and it is still possible to regain a
normal operation with the use of such two resistors
for starting.

In the prior art technique as set out above,
when a potential on the output terminal of the
differential-input amplifier stays in a ground poten-
tial state, a higher potential than a ground potential
is applied to the output terminal of the differential-
input amplifier through the use of two resistors for
starting. However, when the capability with which
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the output terminal of the differential-input amplifier
can draw its potential toward the ground potential is
greater than that with which the output terminal of
the differential-input amplifier enables its potential
to go higher than a ground potential through the
utilization of the two resistors for starting, then the
potential on the output terminal of the differential-
input amplifier stays at the ground level. In this
case, it is necessary to increase the capability with
which the output terminal of the differential-input
amplifier enables its potential to go higher than the
ground level by lowering the values of the two
resistors for starting. In this case, however, a great-
er dissipation current is involved and a reference
voltage created by the two resistors for starting is
largely affected.

It is accordingly the object of the present in-
vention to provide a reference voltage generation
circuit which can stably operate at all times without
being affected by a variation in the characteristic of
elements involved, intrusion of noise, etc., and can
achieve less dissipation current.

According to the present invention, there is
provided a reference voltage generation circuit
comprising:

a first node for receiving a first potential;

a second node for receiving a second potential
different in level from the first potential;

a first bipolar transistor having a collector con-
nected to the first node, an emitter and a base;

a second bipolar transistor having a collector
connected to the first node, an emitter, and a base
connected to that of the first bipolar transistor to
provide a common base connection node, and hav-
ing the same polarity as that of the first bipolar
transistor;

a first resistor having one end connected to the
emitter of the first bipolar transistor and the other
end;

a second resistor having one end connected to
the other end of the first resistor and the other end
connected to the second node;

a third resistor having one end connected to
the emitter of the second bipolar transistor and the
other end connected to the second node;

a differential-input amplifier having a non-in-
verting input terminal connected to a series con-
nection node between the first resistor and the
second resistor, an inverting input terminal con-
nected fo the one end of the third resistor and an
output terminal connected to a common base con-
nection node between the first and second bipolar
transistors and generating a reference voltage as
an output voltage; and

starting means for generating a third potential
close to the first potential after a power supply is
turned ON and for applying it to the series connec-
tion node between the first resistor and the second
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resistor.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

FIG. 1 is a circuit diagram showing a reference
voltage generation circuit according to a first
embodiment of the present invention;

FIG. 2 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 1
with a starting circuit embodied as a practical
form;

FIG. 3 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 1
with a starting circuit embodied as a practical
form;

FIG. 4 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 1
with a starting circuit embodied as a practical
form;

FIG. 5 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 1
with a starting circuit embodied as a practical
form;

FIG. 6 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 1
with a starting circuit embodied as a practical
form;

FIG. 7 is a circuit diagram showing a reference
voltage generation circuit according to a second
embodiment of the present invention;

FIG. 8 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 7
with a starting circuit embodied as a practical
form;

FIG. 9 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 7
with a starting circuit embodied as a practical
form;

FIG. 10 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 7
with a starting circuit embodied as a practical
form;

FIG. 11 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 7
with a starting circuit embodied as a practical
form;

FIG. 12 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 7
with a starting circuit embodied as a practical
form;

FIG. 13 is a circuit diagram showing a reference
voltage generation circuit according to a third
embodiment of the present invention;

FIG. 14 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 13
with a starting circuit embodied as a practical
form;
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FIG. 15 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 13
with a starting circuit embodied as a practical
form;

FIG. 16 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 13
with a starting circuit embodied as a practical
form;

FIG. 17 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 13
with a starting circuit embodied as a practical
form;

FIG. 18 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 13
with a starting circuit embodied as a practical
form;

FIG. 19 is a circuit diagram showing a reference
voltage generation circuit according to a fourth
embodiment of the present invention;

FIG. 20 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 19
with a starting circuit embodied as a practical
form;

FIG. 21 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 19
with a starting circuit embodied as a practical
form;

FIG. 22 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 19
with a starting circuit embodied as a practical
form;

FIG. 23 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 19
with a starting circuit embodied as a practical
form; and

FIG. 24 is a circuit diagram generally showing a
reference voltage generation circuit of FIG. 19
with a starting circuit embodied as a practical
form.

The embodiments of the present invention will
be described below with reference to the accom-
panying drawings:

A reference voltage generation circuit accord-
ing to a first embodiment of the present invention
includes, as shown in FIG. 1, two NPN type bipolar
transistors 11, 12, three resistors 13, 14, 15, dif-
ferential-input amplifier 16 and starting circuit 30.

The collector of one transistor 11 is connected
to a node 17 supplied with a positive power supply
potential Vpp. One end of the resistor 13 is con-
nected to the emitter of the transistor 11. One end
of the resistor 14 is connected to the other end of
the resistor 13. The other end of the resistor 14 is
connected to a node 18 supplied with a ground
potential Vgs. The collector of the other transistor
12 is connected to the node 17. The base of the
fransistor 12 is connected to that of the transistor
11. One end of the resistor 15 is connected to the
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emitter of the transistor 12. The other end of the
resistor 15 is connected to the node 18.

The differential-input amplifier 16 has an invert-
ing input terminal (), non-inverting input terminal
(+) and output terminal. The non-inverting input
terminal (+) of the amplifier 16 is connected to a
connection node 19 between the resistors 13 and
14 and the inverting input terminal (-) of the am-
plifier 16 is connected to a connection node 20
between the emitter of the transistor 12 and the
resistor 15.

With the power supply ON, if a reference volt-
age Vit on the output terminal of the amplifier 16
stays at a ground potential due to some causes,
such as the effect of the input offset voltage of the
differential input amplifier 16 and intrusion of noise,
the starting circuit 30 delivers an output close to a
power supply potential Vpp level to the node 19.

In the reference voltage generation circuit of
the present embodiment, a series circuit of the two
resistors 13 and 14 is connected between the emit-
ter of the transistor 11 and the node 18 of a ground
potential and the resistor 15 is connected between
the emitter of the transistor 12 and the node 18 of
the ground potential. By so doing, the respective
transistors 11 and 12 have different emitter current
levels. Voltage drops occur one across the resistor
14 and one across the resistor 15 due to the
emitter currents of the fransistors 11 and 12. The
corresponding drop voltages are supplied to the
non-inverting input terminal (+) and inverting input
terminal (-) of the differential-input amplifier 16.
Further, the potential on the output terminal of the
differential-input amplifier 16 is supplied to the re-
spective bases of the transistors 11 and 12 to
provide a negative feedback. Thus a reference
voltage Vs is obtained from the output terminal of
the differential-input amplifier 16.

With the values of the resistors 13, 14 and 15
given by R1, R2 and R3, respectively, basesemit-
ter voltages of the fransistor 12 by Vgg and tem-
perature voltages of the fransistors 11 and 12 by
V¢ (Vr = kT/g = 0.0259V), the reference voltage
Vet Of a predetermined level given by

Vit = Vee + (R2Z/R1)V7in(R2/R3) 1

is obtained at an output terminal of the differential-
input amplifier 16.

Let it be assumed that, in the reference voltage
generation circuit of the above arrangement, there
is no such starting circuit 30. If, in this case, the
output voltage V. stays at a ground potential, at a
time of starting an operation with the power supply
ON, due to an input offset voltage of the differen-
tial-input amplifier 16, then the transistors 11 and
12 are both cut off so that there is no flow of the
emitter current. Therefore, the nodes 19 and 20
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stays both at the ground potential.

Since, in reality, the starting circuit 30 is
present, the node 19 is placed, instead of staying
at the ground potential as set out above, at a
predetermined potential close to a power supply
potential Vpp due to the operation of the starting
circuit 30 after the power supply is rendered ON.
At this time, current flows through the resistor 14
and a voltage drop occurs across the resistor 14,
thus leading a rise in potential of the node 19.
Since the potential of the node 19 is increased
relative to the potential of the node 20 to an extent
that the input offset voltage of the differential-input
amplifier 16 can be disregarded, the differential-
input amplifier 16 performs a comparator operation
and the output potential of the output terminal is
raised. As a resuli, the base-«emitter voltage Vge is
applied to the transistors 11 and 12 and emitter
currents start o flow through the transistors 11 and
12. By the function of a negative feedback path
comprising transistors 11, 12 and differential-input
amplifier 16, it is possible to obtain a reference
voltage Vs Of a desired level finally given by the
equation 1.

In the circuit of the present embodiment as
shown in FIG. 1, the output potential of the starting
circuit 30 is supplied to the non-inverting input
terminal of the differential-input amplifier 16, not to
the bases of the fransistors 11 and 12. It is only
necessary that a potential greater than the input
offset voltage of the differential-input amplifier 16
be generated on the starting circuit 30. It is there-
fore not necessary 1o increase the current drive
capability of the starting circuit to such an extent as
required in the prior art circuit.

Various forms of the starting circuit 30 in the
circuit of the present embodiment shown in FIG. 1
will be explained below by way of example.

A starting circuit 30 as shown in FIG. 2 com-
prises a constant current source 31, resistor 32 and
NPN type bipolar transistor 33. One end of the
constant current source 31 is connected to the
node 17 of a power supply potential Vpp and the
transistor 32 is connected between the other end of
the constant current source 31 and a ground poten-
tial Vgs. The collector of the transistor 33 is con-
nected to the node 17, the base of the transistor 33
is connected to a node 34 of a series circuit of the
constant current source 31 and resistor 32 and the
emitter of the fransistor 33 is connected fo the
node 19.

In the reference voltage generation circuit hav-
ing the starting circuit 30 of such an arrangement,
a predetermined bias potential greater than the
basesemitter voltage Vgeg of the transistor 33 is
placed with respect to the emitter potential of the
transistor 33 after the power supply is turned ON.
This state is achieved by setting the value of the
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resistor 32 and current value of the constant cur-
rent source 31. Even if the potential of the node 19
stays at a ground potential after the power supply
is turned ON, the ftransistor 33 is turned ON
through the supplying of the bias potential to the
base of the transistor 33. As a result, current flows
in the resistor 14 via the transistor 33 and a voltage
drop occurs across the resistor 14. Thereafter, a
differential-input amplifier 16 performs a compara-
tor operation and a reference voltage Ve is deliv-
ered as an output signal from an output terminal.

When the reference voltage Vs becomes sta-
ble as the output, the potential of the node 19 goes
higher than a ground potential and a basesemitter
voltage greater than Vge ceases being supplied to
the transistor 33. In consequence, the transistor 33
is cut off and current flows through the transistor
33, thus exerting no influence on the transistor 11.

Even after the fransistor 33 is cut off, current
continues flowing through the constant current
source 31. This current is consumed so long as a
power supply potential is applied to an integrated
circuit with the reference voltage generation circuit
incorporated therein. Though the power supply po-
tential is so applied to the integrated circuit, if there
is no need to generate a reference voltage, it is
possible to effectively achieve less power dissipa-
tion by making a dissipation current in the starting
circuit 30 a zero. For this reason, a switch circuit
which is ON-controlled by a power down signal is
inserted in series with a current path of the con-
stant current source 31. In this case, it is only
necessary that the starting circuit 30 be operated
by turning the switch circuit ON only when it is
necessary to generate a reference voltage.

A starting circuit 30 as shown in FIG. 3 is of
such a type that a resistor 35 is used in place of
the constant current source 31 in the circuit shown
in FIG. 2. In this case, a bias potential level emerg-
ing of a node 34 is set in accordance with a ratio of
two resistors 35, 32 and power supply (Vpp) level.

A starting circuit 30 as shown in FIG. 4 is
constructed of a capacitance 36 connected be-
tween the node 17 of a power supply potential Vpp
and the node 19. In a reference voltage generation
circuit having such a starting circuit 30, when the
node 19 stays in a ground potential at a time of
starting an operation after a power supply is ren-
dered ON, a potential of the node 19 is raised
above the ground potential through the capacitive
coupling made by the capacitance 36. Thereafter,
the potential of the node 19 is increased to an
extent that the offset voltage of a differential-input
amplifier 16 can be disregarded. Thus, the differen-
tial-input amplifier 16 performs a comparator opera-
tion and its output voltage is raised. As a result, a
base«emitter voltage Vge is applied to transistors
11 and 12, thus allowing current to start flowing in

10

15

20

25

30

35

40

45

50

55

the transistors 11 and 12. The fransistors 11, 12
and differential-input amplifier 16 allow a negative
feedback operation and, finally, a reference voltage
V(e is Obtained as a desired predetermined level.

A starting circuit 30 as shown in FIG. 5 is of
such a type that an N channel type MOS fransistor
37 is employed in place of an NPN type bipolar
transistor 33 in the circuit of FIG. 2. That is, the
drain of the MOS transistor 37 is connected to the
node 17 of a power supply potential Vpp, the
source of the MOS transistor 37 to the node 19 and
the gate of the MOS fransistor 37 to the node 34.

In this case, the basesemitter voltage Vge of
the NPN type bipolar transistor 33 corresponds to
the threshold voltage of the N-channel type MOS
transistor 37. That is, after the power supply is
turned ON, the potential of the node 34 is set to a
predetermined bias potential relative to a source
potential of the MOS ftransistor 37, the predeter-
mined bias voltage being above the threshold volt-
age. This is realized by setting the value of a
resistor 32 and current level of a constant current
source 31. Even in the case where a potential of
the node 19 stays at a ground potential after a
power supply is turned ON, the MOS transistor 37
is turned ON through the application of the bias
potential to the gate of the MOS transistor. Current
flows in the resistor 14 through the MOS transistor
37 and a voltage drop occurs across the resistor
14. Thereafter, the differential-input amplifier 16
performs a comparator operation and a reference
voltage V.. emerges as an oufput from an output
terminal.

Further, when the output of the reference volt-
age Vet becomes stable, the potential of the node
19 goes higher than a ground potential and no
gatessource potential above the threshold voltage
emerges on the MOS transistor 37. Thereafter, the
MOS ftransistor 37 is cut off and no current flows in
the MOS transistor 37 so that no influence is ex-
erted on the current in a transistor 11.

A starting circuit 30 as shown in FIG. 6 is of
such a type that a diode 38 is used in place of the
NPN type bipolar transistor 33 in the circuit shown
in FIG. 2. In this case, the base-emitter voltage Vge
of the NPN type bipolar transistor 33 corresponds
to a forward drop voltage Ve of the diode 38. That
is, after a power supply is turned ON, a potential of
the mode 34 is set to a predetermined bias poten-
tial with respect to the cathode potential of the
diode 38, the predetermined bias potential being
above a forward drop voltage V. That is realized
by setting the values of resistors 32 and 35. Even
in the case where, after the turning ON of the
power supply, a potential of the node 19 stays at a
ground potential, the diode 38 is turned ON
through the application of the bias potential to the
anode and current flows in the resistor 14 through
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the diode 38 and a voltage drop occurs across the
resistor 14. Thereafter, the differential-input am-
plifier 16 performs a comparator operation and a
reference voltage V. is delivered as an output
voltage from the output terminal.

A reference voltage generation circuit accord-
ing to a second embodiment of the present inven-
tion as shown in FIG. 7 comprises, like the first
embodiment of FIG. 1, two NPN type bipolar tran-
sistors 11, 12, three resistors 13, 14, 15, differen-
tial-input amplifier 16 and starting circuit 30. How-
ever, the circuit of the second embodiment is dif-
ferent from that of the first embodiment in that, in
the second embodiment, the output potential of the
starting circuit 30 is applied to a connection node
21 between the emitter of the fransistor 11 and the
resistor 13 instead of being applied to the node 19.

In the first embodiment shown in FIG. 1, the
potential of the node 19 is raised to a level close to
the power supply potential Vpp by applying the
output potential of the starting circuit 30 fo the
node 19. In the embodiment shown in FIG. 7, on
the other hand, the same effect can be obtained by
applying the output potential of the starting circuit
30 to the node 21, not to the node 19. In this
embodiment, the output voltage of the starting cir-
cuit 30 is divided by two resistors 13 and 14 and,
through the node 19, applied to the non-inverting
input terminal of the differential-input amplifier 16.
Therefore, since the potential of the node 19 is
lower than that in the embodiment shown in FIG. 1,
the potential of the node 19 can be raised up to a
level adequately close to a power supply potential
VDD-

Various practical variants of the starting circuit
30 in the embodiment of FIG. 7 will be explained
below.

As in the variant as shown in FIG. 2, a starting
circuit 30 shown in FIG. 8 comprises a constant
current source 31, resistor 32 and NPN type bi-
polar transistor 33.

As in the variant as shown in FIG. 3, a starting
circuit 30 shown in FIG. 9 uses a resistor 35 in
place of the constant current source 31 in the
circuit shown in FIG. 8.

As in the variant shown in FIG. 4, a starting
circuit 30 shown in FIG. 10 is of such a type that it
comprises a capacitance 36 connected between
the node 17 of a power supply potential Vpp and
the node 21.

As in the variant shown in FIG. 5, a starting
circuit 30 shown in FIG. 11 uses an N channel type
MOS transistor 37 in place of the NPN type bipolar
transistor 33 in the circuit shown in FIG. 8.

As in the variant shown in FIG. 6, a starting
circuit 30 shown in FIG. 12 uses a diode 38 in
place of the NPN type bipolar transistor 33 in the
circuit shown in FIG. 9.
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A reference voltage generating circuit accord-
ing to a third embodiment of the present invention
shown in FIG. 13 uses PNP type bipolar transistors
22, 23 instead of the NPN type bipolar transistors
11, 12 in the embodiment shown in FIG. 1 and the
node 17 of a power supply potential Vpp and the
node 18 of a ground potential Vgg are connected in
a reversed relation to those in the first embodiment
shown in FIG. 1. In this embodiment, a starting
circuit 40 is provided in which, in the case where,
after the turning ON of a power supply, a reference
voltage Ve obtained as the output terminal of a
differential-input amplifier 16 stays at a power sup-
ply potential due to some reasons, such as the
input offset of the differential-input amplifier 16 and
intrusion of noise, a starting circuit 40 delivers a
predetermined potential as an ouiput close o a
ground potential Vgg to the connection node 19
between resistors 13 and 14.

Stated in another way, in the circuit of the
embodiment, different currents flow through the two
PNP type transistors 22, 23 and voltage drops
occur across resistors 14 and 15 and the cor-
responding drop voltages are impressed from the
power supply potential Vpp to the differential-input
amplifier 16. In consequence, a potential on the
output terminal of the differential-input amplifier 16
is applied to the bases of the transistors 22, 23 to
provide a negative feedback. By so doing, a refer-
ence voltage Ve is obtained as an output voltage
from the output terminal of the differential-input
amplifier 16.

With, as in the case of FIG. 1, the values of
resistors 13, 14 and 15 represented by R1, R2 and
R3, the basesemitter voltages of the transistor 23,
by Vg, and the temperature voltages of the ftran-
sistors 22, 23, by Vi (Vt = kT/g = 0.0259V), a
reference voltage V. of a predetermined value
given by

Viet = Vpp-{Vee + (R2/R1)V1in(R2/R3)} 2

is obtained from the output terminal of the differen-
tial-input amplifier 16.

Let it be assumed that there is no starting
circuit 40 in the reference voltage generation circuit
of the above arrangement. If, in this case, the
output voltage V. stays at a power supply poten-
tial, at the time of starting the operation after the
turning ON of the power supply, due to the input
offset voltage of the differential-input amplifier 16,
no emitter current flows through the cutting off of
both the transistors 22, 23.

In reality, since the starting circuit 40 is pro-
vided in the embodiment shown in FIG. 13, the
node 19 which might otherwise stay at the power
supply potential as set out above is set to a poten-
tial close to a ground potential Vgg through the
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operation of the starting circuit 40 after the turning
ON of the power supply. When this occurs, current
is flowed through the resistor 14 and a voltage drop
occurs across the resistor 14 and thus a potential
drop occurs at the node 19. With respect to the
potential of the node 20 the potential drop of the
node 19 is made greater to an extent that the offset
voltage of the differential-input amplifier 16 can be
disregarded. In consequence, the differential-input
amplifier 16 performs a comparator operation and
an oufput potential emerges, as a dropped one,
from the output terminal. In consequence, the
base«emitter voltage Vge is applied to the transis-
fors 22 and 23 and emitter current staris flowing
through the fransistors 22 and 23. Through the
negative feedback path comprising the transistors
22, 23 and differential-input amplifier 16, it is possi-
ble to obtain a reference voltage Ve Of a desired
level given by Equation 2.

Various practical variants of the starting circuit
40 in the circuit according to the embodiment
shown in FIG. 13 will be explained below.

The starting circuit 40 as shown in FIG. 14
comprises a constant current source 41, resistor 42
and PNP type bipolar transistor 43. One end of the
constant current source 41 is connected to the
node 18 of a ground potential Vsg and the resistor
42 is connected between the other end of the
constant current source 41 and the node 17 of a
power supply potential Vpp. The collector of the
transistor 43 is connected to the node 18, the
emitter of the transistor 43 to the node 19 and the
base of the transistor 43 to a connection node 44
between the constant current source 41 and the
resistor 42.

In the reference voltage generation circuit hav-
ing the starting circuit 40 of such an arrangement,
after the turning ON of the power supply, the
potential of the node 44 is set to a predetermined
bias potential lower by over the base«emitter volt-
age Vge level than the emitter potential of the
transistor 43. This is realized by setting the value
of the resistor 42 and current value of the constant
current source 41. Even in the case where the
potential of the node 19 stays at the power supply
potential after the turning ON of the power supply,
the transistor 43 is turned ON through the applica-
tion of a bias potential of the node 44 to the base
of the ftransistor and, through the transistor 43,
current flows through the resistor 14 fo allow a
voltage drop to occur across the resistor 14. There-
after, a differential-input amplifier 16 performs a
comparator operation and a reference voltage Vs
emerges as an oufput voltage from the output
terminal.

When the reference voltage V.t as the output
voltage becomes stable, the potential of the node
19 becomes lower than the power supply potential
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and no basesemitter voltage above Vge ceases
being applied to the transistor 43. Thus the transis-
for 43 is cut off and no current flows there. In
consequence, no influence is exerted on a current
flowing in a transistor 22.

Even after the fransistor 43 is cut off, current
flows in the constant current source 41 and contin-
ues dissipated so long as a power supply potential
is applied to an integrated circuit with the reference
voltage generating circuit incorporated therein.
Though the power supply potential is so supplied
to the integrated circuit, if there is no need to
generate the reference voltage, it is possible fo
effectively achieve less dissipation current by mak-
ing a dissipation current in the starting current a
zero. To this end, a switch circuit ON-controlled by
a power down control signal is connected in series
with a current path of the constant current source
41. In this case, it is only necessary that, only
when there is a need to generate a reference
voltage, the starting circuit 40 be operated by turn-
ing the switch circuit ON.

A starting circuit 40 as shown in FIG. 15 uses a
resistor 45 in place of the constant current source
41 in the circuit shown in FIG. 14. In this case, a
bias potential on the node 44 is set in accordance
with a ratio of two resistors 45, 42 and level of a
power supply potential Vpp.

A starting circuit 40 as shown in FIG. 16 com-
prises a capacitance 46 connected between the
node 18 of a ground potential Vsg and the node 19.
In a reference voltage generation circuit having the
starting circuit 40, when the node 19 stays at a
power supply potential at the time of starting an
operation after the turning ON of the power supply,
a potential of the node 19 is made lower than a
power supply potential through a capacitive cou-
pling made by a capacitance 46. Thereafter, the
potential of the node 19 is lowered, as in the above
case, relative to the potential of the node 20 to an
extent that an offset voltage of a differential-input
amplifier 16 can be disregarded. The differential-
input amplifier 16 performs a comparator operation
and the output voltage of the differential-input am-
plifier 16 is dropped. As a result, the base«emitter
voltage Vg is applied to transistors 22 and 23, thus
allowing current to start flowing in the transistors 22
and 23. A negative feedback operation is made
through the transistors 22, 23 and differential-input
amplifier 16. It is, therefore, possible to finally ob-
tain a reference voltage Ve of a desired given
level.

A starting circuit 40 as shown in FIG. 17 uses a
P channel type MOS transistor 47 in place of the
PNP type bipolar transistor 43 in the circuit shown
in FIG. 14. In the starting circuit, that is, the drain of
the MOS transistor 47 is connected to the node 18,
the source of the transistor 47 to the node 19 and
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the gate of the transistor to the node 44. In this
case, the basesemitter voltage Vge of the bipolar
transistor 43 corresponds to the threshold voltage
of the MOS fransistor 47.

A starting circuit 40 as shown in FIG. 18 uses a
diode 48 in place of the PNP type bipolar transistor
43 in the circuit shown in FIG. 14. In this case, the
base«emitter voltage Vge of the bipolar transistor
43 corresponds to a forward drop voltage Vg of the
diode 48.

A reference voltage generation circuit accord-
ing to a fourth embodiment of the present invention
as shown in FIG. 19 comprises, as in the third
embodiment of FIG. 13, two PNP type bipolar
transistors 22, 23, three resistors 13, 14, 15, dif-
ferential-input amplifier 16 and starting circuit 40.
The embodiment of FIG. 19 is different from that of
FIG. 13 in that an output potential of its starting
circuit 40 is applied to the node 24 between the
emitter of the transistor 22 and the resistor 13
instead of being connected to the node 19.

In the embodiment shown in FIG. 13, the po-
tential of the node 19 is lowered to a level close to
a ground potential Vgg by connecting the output
potential of the starting circuit 40 directly to the
node 19. In the embodiment shown in FIG. 19, on
the other hand, the same effect as in the third
embodiment is obtained by applying the output
potential of the starting circuit 40 to the connection
node 24 between the emitter of the transistor 22
and the resistor 13 instead of being applied to the
node 19. In this case, the output potential of the
starting circuit 40, being divided by the resistors 13
and 14, is supplied to a non-inverting input terminal
of the differential-input amplifier 16. The potential
of the node 19 is made higher than that in the
embodiment of FIG. 13, but the potential of the
node 19 can be lowered enough close to a ground
potential Vss.

Various practical variants of the starting circuit
40 in the embodiment of FIG. 19 will be explained
below.

As in the variant as shown in FIG. 14, a starting
circuit 40 of FIG. 20 comprises a constant current
source 41, resistor 42 and PNP type bipolar tran-
sistor 43.

As in the variant of FIG. 15, a starting circuit 40
of FIG. 21 uses a resistor 45 in place of the
constant current source 41 in the circuit of FIG. 20.

As in the variant of FIG. 186, a starting circuit 40
of FIG. 22 comprises a capacitance 46 connected
between the node 18 of a ground potential Vgg and
the node 24.

As in the variant of FIG. 17, a starting circuit 40
of FIG. 23 uses a P channel type MOS fransistor
47 in place of the PNP type bipolar transistor 43 in
the circuit shown in FIG. 20.
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As in the variant shown in FIG. 18, a starting
circuit 40 of FIG. 24 uses a diode 48 in place of the
PNP type bipolar transistor 43 in the circuit shown
in FIG. 21.

According to the present invention, a reference
voltage generation circuit is provided which can
stably operate at all times without being adversely
affected even if there is a variation in the char-
acteristic of elements, intrusion of noise.

Claims

1. A reference voltage generation circuit compris-
ing:

a first node (17; 18) for receiving a first
potential (Vpp; Vss);

a second node (18; 17) for receiving a
second potential (Vgs; Vpp) different in level
from the first potential;

a first bipolar transistor (11; 22) having a
collector connected to the first node, an emit-
ter and a base;

a second bipolar fransistor (12; 23) having
a collector connected to the first node, an
emitter, and a base connected to that of the
first bipolar transistor to provide a common
base connection node, and having the same
polarity as that of the first bipolar transistor;

a first resistor (13) having one end con-
nected to the emitter of the first bipolar transis-
tor and the other end;

a second resistor (14) having one end con-
nected to said other end of the first resistor
and the other end connected to the second
node;

a third resistor (15) having one end con-
nected to the emitter of the second bipolar
transistor and the other end connected to the
second node; and

a differential-input amplifier (16) having a
non-inverting input terminal connected to a
connection node between the first resistor and
the second resistor, an inverting input terminal
connected to said one end of the third resistor
and an output terminal connected to a com-
mon base connection node between the first
and second bipolar fransistors and generating
a reference voltage as an output voltage; char-
acterized by further comprising:

starting means (30; 40) for generating a
third potential close to the first potential after a
power supply is turned ON and for applying it
to the connection node between the first resis-
tfor and the second resistor.

2. The reference voltage generating circuit ac-
cording to claim 1, characterized in that the
starting means (30; 40) comprises:
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a third bipolar transistor (33; 43) having a
collector connected to the first node, an emit-
ter connected to a series connection node be-
tween the first and second resistors and a
base, the third bipolar fransistor having the
same polarity as those of the first and second
bipolar transistors, and

bias potential generating means (31, 32,
35; 41, 42, 45) for applying a predetermined
bias potential to the base of the third bipolar
transistor.

The reference voltage generating circuit ac-
cording to claim 2, characterized in that the
bias potential generating means (31, 32, 35;
41, 42, 45) comprises:

a current source (31; 41) having one end
connected to the first node and the other end;
and

a fourth resistor (32; 42) having one end
connected to said other end of the current
source and the other end connected to the
second node, wherein

a bias potential is generated from a series
connection node of the current source and said
fourth resistor.

The reference voltage generation circuit ac-
cording to claim 3, characterized in that the
current source (31; 41) is comprised of a fifth
resistor (35; 45).

The reference voltage generation circuit ac-
cording to claim 1, characterized in that the
starting means (30; 40) is comprised of a ca-
pacitance (36; 46) having one end connected
o the first node and the other end connected
fo a series connection node of the first and
second resistors.

The reference voltage generation circuit ac-
cording to claim 1, characterized in that the
starting means (30; 40) comprises:

a MOS transistor (37; 47) having a drain
connected to the first node, a source con-
nected to a series connection node of the first
and second resistors, and a gate;

bias potential generating means (31, 32,
35; 41, 42, 45) for applying a predetermined
bias potential to the gate of the MOS transis-
tor.

The reference voltage generation circuit ac-
cording to claim 1, characterized in that the
starting means (30; 40) comprises:

a diode (38; 48) having a cathode con-
nected to a series connection node of the first
and second resistors and an anode; and
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10.

11.

bias potential generating means (32, 35;
42, 45) for applying a predetermined bias po-
tential to the anode of the diode.

The reference voltage generation circuit ac-
cording to claim 7, characterized in that the
bias potential generating means (32, 35; 42,
45) comprises:

a sixth resistor (35; 45) having one end
connected to the first node and the other end
connected to the anode of the diode; and

a seventh resistor (32; 42) having one end
connected to the anode of the diode and the
other end connected to the second node.

The reference voltage generation circuit ac-
cording to claim 1, characterized in that

the first and second bipolar transistors (11,
12), each, are comprised of an NPN transistor;
and

the first potential (Vpp) of the first node
(17) is higher in level than the second potential
(Vss) of the second node (18).

The reference voltage generation circuit ac-
cording to claim 1, characterized in that

the first and second bipolar transistors (22,
23), each, are comprised of a PNP fransistor;
and

the first potential (Vgs) of the first node
(18) is lower in level than the second potential
(Vpp) on the second node (17).

A reference voltage generation circuit compris-
ing:

a first node (17; 18) for receiving a first
potential (Vpp; Vss);

a second node (18; 17) for receiving a
second potential (Vgs; Vpp) different in level
from the first potential;

a first bipolar transistor (11, 22) having a
collector connected to the first node, an emit-
ter and a base;

a second bipolar fransistor (12; 23) having
a collector connected to the first node, an
emitter, and a base connected to that of the
first bipolar transistor to provide a common
base connection node, the second bipolar tran-
sistor having the same polarity as that of the
first bipolar transistor;

a first resistor (13) having one end con-
nected to the emitter of the first bipolar transis-
tor and the other end;

a second resistor (14) having one end con-
nected to said other end of the first resistor
and the other end connected to the second
node;

a third resistor (15) having one end con-
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nected to the emitter of the second bipolar
transistor and the other end connected to the
second node; and

a differential-input amplifier (16) having a
non-inverting input terminal connected to a se-
ries connection node of the first and second
resistors, an inverting input terminal connected
fo said one end of the third resistor, and an
output terminal connected to the common base
connection node of the first and second bipolar
transistors and generating a reference voltage
as an output voltage, characterized by further
comprising:

starting means (30; 40) for generating a
third potential close to the first potential after a
power supply is turned ON and for delivering
the third potential to a connection node be-
tween the emitter of the first fransistor and the
first resistor.

The reference voltage generating circuit ac-
cording to claim 11, characterized in that the
starting means (30; 40) comprises:

a third bipolar transistor (33, 43) having a
collector connected to the first node, an emit-
ter connected to a connection node between
the emitter of the first bipolar transistor and the
first node and a base, and having the same
polarity as those of the first and second bipolar
fransistors; and

bias potential generating means (31, 32,
35; 41, 42, 45) for applying a predetermined
bias potential to the base of the third bipolar
transistor.

The reference voltage generation circuit ac-
cording fo claim 12, characterized in that the
bias potential generation means (31, 32, 35;
41, 42, 45) comprises:

a current source (31; 41) having one end
connected to the first node and the other end;
and

a fourth resistor (32; 42) having one end
connected to said other end of the current
source and the other end connected to the
second node; wherein

the bias potential is generated from a con-
nection node between the current source and
the fourth resistor.

The reference voltage generation circuit ac-
cording fo claim 13, characterized in that the
current source (31; 41) is comprised of a fifth
resistor (35; 45).

The reference voltage generation circuit ac-
cording to claim 11, characterized in that the
starting means (30; 40) is comprised of a ca-
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10

16.

17.

18.

19.

20.

pacitance (36; 46) having one end connected
to the first node and the other end connected
to a connection node between the emitter of
the first bipolar transistor and the first resistor.

The reference voltage generation circuit ac-
cording to claim 11, characterized in that the
starting means (30; 40) comprises:

a MOS transistor (37; 47) having a drain
connected to the first node, a source con-
nected to a connection node between the emit-
ter of the first and bipolar fransistor and the
first resistor, and a gate; and

bias potential generating means (31, 32;
41, 42) for applying a predetermined bias po-
tential to the gate of the MOS transistor.

The reference voltage generation circuit ac-
cording to claim 11, characterized in that the
starting means (30; 40) comprises:

a diode (38; 48) having a cathode con-
nected to a connection node between the emit-
ter of the first bipolar transistor and the first
resistor and an anode; and

bias potential generating means (32, 35;
42, 45) for applying a predetermined bias po-
tential to the anode of the diode.

The reference voltage generation circuit ac-
cording to claim 17, characterized in that the
bias potential generating means (32, 35; 42,
45) comprises:

a sixth resistor (35; 45) having one end
connected to the first node and the other end
connected to the anode of the diode; and

a seventh resistor (32; 42) having one end
connected to the anode of the diode and the
other end connected to the second node.

The reference voltage generation circuit ac-
cording to claim 11, characterized in that

the first and second bipolar transistors (11,
12), each, are comprised of an NPN transistor;
and

the first potential (Vpp) of the first node
(17) is higher in level than the second potential
(Vss) of the second node (18).

The reference voltage generation circuit ac-
cording to claim 11, characterized in that

the first and second bipolar transistors (22,
23), each, are comprised of a PNP fransistor;
and

the first potential (Vgs) of the first node
(18) is lower in level than the second potential
(Vpp) of the second node (17).
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21. A reference voltage generation circuit compris-
ing:

a first node (17; 18) for receiving a first
potential (Vpp; Vss);

a second node (18; 17) for receiving a 5
second potential (Vgs; Vpp) different in level
from the first potential;

a first bipolar transistor (11, 22) having a
collector connected to the first node, an emit-
ter and a base; 10

a second bipolar fransistor (12; 23) having
a collector connected to the first node, an
emitter, and a base connected to that of the
first bipolar transistor to provide a common
base connection node; 15

a first resistor (13) having one end con-
nected to the emitter of the first bipolar transis-
tor and the other end;

a second resistor (14) having one end con-
nected to the other end of the first resistor and 20
the other end connected to the second node;

a third resistor (15) having one end con-
nected to the emitter of the second bipolar
transistor and the other end connected to the
second node; and 25

a differential-input amplifier (16) having a
non-inverting input terminal connected to a
connection node between the first and second
resistors, an inverting input terminal connected
fo said one end of the third resistor, and an 30
output terminal connected to the common base
connection node of the first and second bipolar
transistors and generating a reference voltage
as an output voltage, and characterized by
further comprising: 35

starting means (30; 40) for applying a pre-
determined voltage to the non-inverting input
terminal of the differential input terminal so
that, when the reference voltage of a normal
level is not delivered from the output terminal 40
of the differential input amplifier after a power
supply is turned ON, a potential of the non-
inverting input terminal of the differential-input
amplifier is set higher than a potential of the
inverting input terminal of the differential-input 45
amplifier.

50
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