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[57] ABSTRACT

A stable reference voltage generator using a current
mirror circuit comprising a primary branch and a sec-
ondary branch, is shown and described. A first bipolar
transistor (Q1) has its collector connected in sertes with
the primary branch of the current mirror, and a voltage
divider bridge comprising at least two series-connected
resistors (R1, R2), is connected in series between the
secondary branch of the current mirror and the collec-
tor of 2 second bipolar transistor (Q2). The base of the
second transistor (Q2) is connected to the common
point of the series resistors, the base of the first transis-
tor (Q1) is connected to the collector of the second
transistor (Q2), and the output of the generator (VREF)
is connected to the terminal of the bridge opposite that
connected to the collector of the second transistor (Q2).
The geometry of said transistors being such that the first
transistor (Q1) is equivalent to “N”’ transistors identical
to the second transistor (Q2) connected in parallel. An
isolation bipolar transistor (Q7) is connected in series
between the primary branch of the current murror cir-
cuit and the first transistor, the collector of the latter
being connect to the emitter of the isolation transistor.

18 Claims, 2 Drawing Sheets
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1

VOLTAGE GENERATOR FOR GENERATING A
STABLE VOLTAGE INDEPENDENT OF
VARIATIONS IN THE AMBIENT TEMPERATURE
AND OF VARIATIONS INTHE SUPPLY VOLTAGE

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.

The present invention concerns a voltage generator
able to generate a reference voltage Vgger which is
independent of variations in ambient temperature and
variations in the supply voltage to the generator.

There is known in the prior art the theoretical circuit
of a stable voltage generator that is, in theory at least,
temperature-independent. FIG. 1 shows a circuit of this
kind.

The generator 10 shown there comprises, disposed
between a supply voltage Vppand an earth connection:

a current mirror circuit conventionally comprising a
primary branch 11 and a secondary branch 12. In the
circuit shown the current mirror comprises two PMOS
transistors M1 and M2, the source-drain circuit of the
transistor M2 here constituting the primary branch 11
while the source-drain circuit of the transistor M1 con-
stitutes the secondary branch 12. The grids of the tran-
sistors M1 and M2 are connected together and to the
drain of the transistor M2.

A first bipolar transistor Q1 with its collector con-
nected in series with the primary branch 11 of the cur-
rent mirror. In the circuit shown the transistor Q1 is an
NPN transistor with its emitter earthed.

A voltage divider bridge here comprising two resis-

tors R1 and R2 disposed in series, the bridge being itself
disposed in series between the secondary branch 12 of

the current mirror and the coliector of a second bipolar
transistor Q2. Here the second transistor is also an NPN
transistor and its emitter is earthed while 1ts base is
connected to the common point of the resistors R1, R2.

The geometry of the transistors Q1, Q2 is such that
the first transistor Q1 is equavalent to “N”’ tramsistors
identical to the second transistor Q2 connected in paral-
lel. The output 10 of the circuit, at which the reference
voltage VREF 1s obtained, is at the point where the
resistor R2 1s obtained, is at the point where the resistor
R2 is connected to the drain of the transistor M1.

A circuit of thas kind is used to generate a reference
voltage VgzEer which is stable relative to variations in
ambient temperature provided that the values of R1, R2
and N are carefully chosen. As is known, if the arrange-
ment 1s such that the transistor M1 is turned on (satu-
rated) the circuit constituted by the transistors M1 and
M2 is a current mirror, the current flowing in the sec-
ondary branch 12 having characteristics very simular to
those of the current flowing in the primary branch 11.
Neglecting the base currents of the transistors Q1 and
Q2, current of comparable characteristics flows
through the transistor Q1, on the one hand, and the
combination of the resistor bridge R1, R2 and transistor
Q2, on the other hand. As i1s also known, there is an
exponential relation between the current and the base-

emitter voltage in a bipolar transistor. As the design of

the transistor Q1 is such that it is equivalent to N transis-
tors Q2 connected in parallel and as it 1s known that the
differences between the base-emitter voltages of two
bipolar transistors of different geomeiry but with the
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same current passing through them is proportional to
ambient temperature, as expressed by the following

equation:

Ve —-Vpr1=LogNkT/q (1)
in which “k” and “q” are universal constants well
known to those skilied in the art and Vpgi and Vg are
the base-emitter voltages of transistors Q1 and Q2.
Neglecting the base currents, the resistors R1 and R2

are regarded as carrying the same current. Conse-
quently:

VREFY BE2—(VaE2— VBE1)R2/R] (2)
Furthermore, it is known that, neglecting other than
first order terms, the base-emitter voltage decreases in
linear relationship to temperature. It follows that the
base-emitter voltage (V pg2) of the transistor Q2 is given
by the equation:
Vep=Vcor+aT (3)
in which a and Vo2 are constants related to the design
of the transistor Q2. This equation 1gnores higher order
terms in T and the very small vanations in Vo as a

function of the current through the transistor.
The following equation is derived from the above

three equations:

VReF = Vcor + aT — ———ﬁf --—";?T Logh (4)

It follows that by choosing carefully R1, R2 and N it
is possible in equation (4) above to eliminate the sum of
the first order terms T.

The output voltage V grgrof the circuit is then depen-
dent only on the constant component V co of the base-.
emitter voltage of the transistor Q2.

This circuit is generally satisfactory in that it elimi-
nates the effects of variations in ambient temperature.
Variations of the second (T2) and higher orders are
negligible in most applications and it has been shown
above that the FIG. 1 circuit can eliminate the effects of
first order variations in temperature. This circuit is
highly sensitive to variations in the supply voltage V pp,
however.

If the supply voltage V ppincreases the voltage at the
drain of M2 follows the wvariation in Vpp closely
whereas the voltage at the drain of M1 remains rela-
tively stable. The transistors M1 and M2 are turned on
and it is therefore known that the drain-source current
through them is likely to vary as a function of the drain-
source voltage with a relatively shallow but non-null
slope. As the drain-source voltages of the transistors M1
and M2 diverge, the latter carry substantially different
amplitude currents: the basic hypothesis whereby the
bipolar transistors Q1 and Q2 carry exactly the same
currents is therefore falsified immediately the supply
voltage V pp varies.

Similarly, considering the bipolar transistors, note
that the transistor Q2 has a relatively stable collector
voltage (it is equal to the base-emitter voltage of the
transistor Q1) whereas the voltage at the collector of
the transistor Q1 follows to a greater or lesser degree
the variations in the supply voltage V ppbecause of the
transparency of the transistor M2 in this regard. Under
these conditions the Early effect (modulation of the
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width of the base of a bipolar transistor as a function of
the collector-base voltage) results in deviations in the
difference between the base-emitter voltages of the
transistors Q1, Q2 (Vg —VaE1) relative to its above
theoretical value.

An object of the present invention is a voltage gener-
ator operating on broadly the same principle as that
shown in FIG. 1 but in which variations in the output
voltage of the current mirror circuit have little or no
effect on the voltage at the collector of the first and
second transistors (Q1 and Q2) are maintained equal to
the greatest possible extent.

Thus in accordance with one aspect of the present
invention the generator, which has a general structure
substantially conforming to what has been described
hereinabove, is characterised in that it further comprises
an isolating transistor disposed in series between the
primary branch of the current mirror circuit and the
first transistor, the collector of the latter being con-
nected to the emitter of the isolation transistor, and
means supplying to the base of the isolation transistor a
voltage predetermined to enable conduction in said
1solation transistor.

By virtue of these arrangements any variations in the
output voltage of the primary branch of the current
mirror circuit are prevented from being passed on to the
collector of the first transistor. As the voltage fed to the
base of the isolation transistor is predetermined and as
this transistor has its emitter connected to the collector
of the first transistor, the potential at the collector of the
first transistor is stable.

In accordance with another characteristic of the in-
vention, the current mirror circuit comprises at least
two cascade transistor stages.

By virtue of this provision the voltage generator
comprises a voltage mirror whose performance is signif-
icantly better than that of the voltage mirror constituted
by the PMOS transistors M1 and M2 described in rela-
tion to FIG. 1. It follows that if the supply voltage Vpp
varies the current flowing in the secondary branch
continues to reflect that flowing in the primary branch.
Thanks to this characteristic the sum of the first order
factors in T in equation (4) above is effectively null
because the original hypothesis (equality of the currents
flowing in the first transistor Q1 and the second transis-
tor Q2) is complied with.

The Applicant has also found himself faced with the
problem of starting up the generator as briefly described
above on switching on. This is because a generator of
this kind has a second stable state in which all the tran-
sistors are turned off.

The present invention provides for adding to the
circuit briefly described hereinabove starting means for
going from the stable state in which all the transistors
are turned off to that in which all the transistors are
turned on.

According to one aspect of the present invention
these means comprise one Or more starter capacitors
adapted to cause conduction in the current mirror Cir-
cuit and therefore in the other transistors.

Starter capacitors may have disadvantages in some
applications and, in accordance with another aspect of
the invention, the need for them is avoided by the provi-
sion of starting means comprising a so-called “starter”
field-effect transistor adapted to cause conduction in the
transistors of the current mirror circuit and an inverter
circuit adapted to drive the starter field-effect transistor
so that it is turned off when the generator has gone to its
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stable state in which all the bipolar transistors are
turned on.

The characteristics and advantages of the present
invention will emerge from the following description
with reference to the appended drawings, in which:

FI1G. 1 has already been described,

FIG. 2 is a simplified diagram showing one embodi-
ment of the present invention.

FIG. 3 is a more complicated diagram showing vari-
ous means not shown in FIG. 2, and

FIG. 4 shows an alternative embodiment of the cir-
cuit shown in FIG. 3.

In the drawings components common to more than
one figure retain the same reference numbers.

FIG. 2 shows a circuit that will be recognised as
similar to that of FIG. 1. As compared with the latter,
the following differences apply:

The current mirror constituted in FIG. 1 by the
PMOS transistors M1, M2 is replaced in accordance
with one aspect of the invention by a Wilson type cas-
code current mirror using bipolar transistors Q3-Q6.
This mirror is of the Wilson type because in the primary
branch, here constituted by the transistors [Q4-Q6]
04, 06, the base of the output transistor (Q6) is con-
nected to the collector of this transistor, while in the
secondary branch, constituted in this instance by the
transistors Q3, Q5, it is the base of the transistor con-
nected to the Vpp supply that is connected to the col-
lector of this transistor: also, the base of the transistor
Q3 is connected to that of the transistor Q4 while the
base of the transistor Q5 is connected to that of the
transistor Q6.

In accordance with another aspect of the invention,
an isolation transistor Q7 is disposed in series between
the primary branch 11 of the current mirror circuit and
the first transistor Q1, the collector of the transistor Q1
being connected to the emitter of the isolation transistor
Q7. Observe that the collector of the isolation transistor
Q7 is connected to the output of the primary branch of
the current mirror circuit, in this instance the collector
of the transistor Q6. Means are provided for supplying
to the base of the isolation transistor a voltage predeter-
mined to enable conduction in the isolation transistor
Q7. For the embodiment shown these supply means
comprise a voltage source V 7y of which one embodi-
ment will be described with reference to FIG. 3.

In accordance with another aspect of the invention, a
so-called starter capacitor C1 is connected between the
collector of the transistor Q7 and earth.

The circuit shown in FIG. 2 operates in the following
mannetr:

As is known, an arrangement of transistors such as
the system Q3-Q6 operates as an accurate current mir-
ror circuit, the current flowing in the secondary branch
consisting of the transistors Q3, Q5 reflecting that flow-
ing in the primary branch consisting of the transistors
Q4, Q6. However, differing in this from the current
mirror circuit shown in FIG. 1, the current mirror cir-
cuit constituted by the transistors Q3-Q6 is not subject
to any significant differences between the amplitudes of
the currents flowing in its primary branch and in its
secondary branch should the supply voltage V pp vary.

As the arrangement is such that the transistor Q7 1s
turned on, it follows that the current flowing in the first
transistor Q1 is identical to that flowing in the transistor
Q2, ignoring the base currents. This characteristic con-
tributes to enabling the stable reference voltage genera-
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tor to operate in accordance with the theory outlined
hereinabove.

Moreover, the presence of an isolation transistor in
accordance with the invention such as the transistor Q7
in conjunction with the Wilson type mirror used in the
FIG. 2 circuit guarantees compliance with the theoreti-
cal operating conditions (equal currents) by isolating
the collector of the first transistor Q1 from variations in
the voltage at the collector of the transistor Q6.

Should the supply voltage Vpp vary the potential at 10

the transistor Q6 also varies. However, no such varia-
tion can be passed on as such to the collector of the first
transistors Q1 because the transistor Q7 functions as an
isolating means. The potential V; applied to the base of
the transistor Q7 is relatively stable and sufficient to
enable Q7 to turn on (means for obtaining the potential
V g will be described with reference to FIG. 3); the
same therefore applies to the potential at the emitter of
the transistor Q7: as is known, in a bipolar transistor the
emitter potential is 0.6 V lower than the base potential
when the transistor is turned on.

It is therefore possible to guarantee that the potential
at the collector of Q1 will be 0.6 V below the potential
V 7 this eliminates the effects of variations in the volt-
age at the collector of the transistor Q6 at the output of
the primary branch of the current mirror circuit, any
such variations being absorbed by the isolation transis-
tor Q7.

FIG. 3 shows one embodiment of the source of the
voltage V7 to be connected to the base of the isolation
transistor Q7.

The voltage Vrgmay bein theorderof 1 Vto 1.5V
to guarantee operation of the circuit with 3 V supply
voltages.

The voltage is obtained by connecting two NPN
bipolar transistors Q8 and Q9 in series. The transistors
are adapted to be turned on (base connected to collec-
tor). The potential at the base of the transistor Q8 is
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bipolar transistor, that is 1.2 V. A PMOS transistor M4
is provided between the collector of Q8 and the Vpp
supply, its grid being earthed so that it functions as a
resistor.

The voltage V 7z at the base of Q7 is therefore 1.2 V
and does not vary significantly. As is known, if the
collector current of the transistors Q8 and Q9 is caused
to vary by a substantial variation in the voltage Vppthe
base-emitter voltage of the transistors Q8 and Q9 will
not vary significantly: it follows that the voltage Vrxis
relatively stable, in any event sufficiently so to avoid
excessive amplitude variations at the collector of the
transistor (1.

As an alternative to this, the FET transistor M4 may
be replaced by a resistor. As a further alternative, the
voltage V 7 can be obtained by means of a circuit such
as that shown in FIG. 1.

The role of the capacitor C1 (FIG. 2) is as follows.
Like most stable reference voltage generators using
bipolar transistors, the FIG. 2 circuit has one stable
state in which all the transistors are turned on and a
second stable state in which all the transistors are turned
off. Before the voltage generator is switched on all the
transistors are turned off and as a stable state there is no
reason for the circuit as a whole to change to the first
stable state in which all the transistors are turned on.
The Applicant has looked for a way to enable the cir-
cuit to go from the stable state in which all the transis-
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6
tors are turned off to the stable state in which all the
transistors are turned on.

According to one characteristic of the present inven-
tion this problem is overcome by inserting the starter
capacitor C1 between the collector of the transistor Q7
and earth.

This capacitor operates as means for changing the
remainder of the circuit from the turned off stable state
to the stable state in which all the transistors are turned
on. When the circuit is started the transistor Q6 1is
turned off and tends to remain turned off because all of
the circuit is in the turned off stable state. For the tran-
sistor Q6 to remain in a turned off stable state its base
must be held at a potential near V pp, making it neces-
sary to charge the starter capacitor C1, as this 1s also
connected to the base of the transistor Q6. However, to
supply the necessary charge Q6 must turn on. The same
then applies to the transistor Q4. The current mirror
circuit then begins to operate which leads to the transis-
tors Q3, Q5 and then the transistors Q1 and Q2 being
turned on. The entire circuit then switches over to the
stable state in which all the transistors are turned on.

In practice the capacitor C1 must be chosen with a
sufficiently high value. In the preferred embodiment of
the present invention a capacitor C1 with a value of 3
pF is used.

What has been described above is valid for slow vari-
ations in the supply voltage V pp but iIn some cases, i
particular in the case of sudden and fast variations in the
supply voltage V pp, the FIG. 2 circuit does not operate
satisfactorily.

For fast increases in the supply voltage Vpp (due to
high-frequency interference, for exampie) the base-
emitter voltage of the transistors Q3 and Q4 increases
suddenly in" absolute value, so leading to an increase in
the current in the two branches of the current mirror
circuit consisting of the transistors Q3-0Q6. However,
even if the current variations remain exactly the same in
the two branches, as downstream of the primary branch
there are connected in parallel, on the one hand a circuit
branch comprising, connected in series, the transistors
Q7 and Q1 and, on the other hand, the capacitor C1,
some of the current flowing in the primary branch of
the current mirror circuit is diverted to C1 which leads
to an imbalance in the currents flowing in the transistors
Q1 and Q2, respectively. Given these conditions, the
original hypothesis (equal currents in Q1 and Q2) i1s no
longer complied with, which leads to a sudden variation
in the reference voltage at the output of the circuit
(V reF). What is more, the lack of symmetry of currents
through Q1 and Q2 applies for as long as capacitor C1
is not charged with the result that in some applications
the time needed for the reference voltage at the circuit
output (VgEeF) to return to the required level 1s unac-
ceptably long. To remedy this disadvantage the inven-
tor has had the idea of providing a second capacitor C2
of the same value as C1 between the collector Q3 and
earth, so that the current symmetry is retained at the
transistors Q1 and Q2 even in the presence of sudden
variations in the supply voltage Vpp. This characteris-
tic of the invention is shown in FIG. 3.

Observe that a capacitor C2 is connected to the col-

lector of the bipolar transistor Q3 of the secondary
branch of the current mirror. This capacitor is earthed

through an NMOS transistor M3. The grid of this tran-
sistor is connected to the collector of the second bipolar
transistor Q5 of the secondary current mirror circuit.
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When the transistor M3 is turned on the capacitor C2
is earthed for reasons that will be explained later. Even
in the presence of sudden variations in the supply volt-
age Vpp the capacitors C1 and C2 will be charged
symmetrically which guarantees equal currents through
the bipolar transistors Q1 and Q2.

The role of the field-effect transistor M3 is as follows.
The capacitor C2 would represent a disadvantage in the
absence of this transistor and if it were therefore con-
nected directly to earth: it would prevent correct start-
ing of the circuit on switching on because it would
absorb all of the current flowing through the transistor
Q3, preventing the transistor Q2 turning on. Under
these circumstances the entire circuit would eventually
find itself again in the stable state in which all the tran-
sistors are turned off. The inventor has found that it 1s
necessary to inhibit the capacitor C2 when the second
bipolar transistor Q2 is not turned on: this is the role of
the NMOS transistor M3.

If the bipolar transistor Q2 is not turned on the grid
potential of the NMOS transistor M3 remains near zero
volts and this transistor is therefore turned off: under
these conditions the capacitor C2 is not earthed. After
starting, when the supply voltage V pp reaches a spe-
cific potential the transistors Q2 and M3 turn on and the
capacitor C2 is earthed enabling the circuit to absorb
any subsequent variations in the supply voltage Vpp
and preventing such variations having any effect on the
output voltage VzEF.

The role of the resistor R3 is to increase slightly the
grid potential of the transistor M1 to ensure that the
latter turns on after starting.

Another starting problem can arise if the load con-
nected to the Vger output is capacitative and in the
same order of magnitude as the capacitor C1. The ca-
pacitance represented by the load is earthed directly
and during starting it absorbs all of the current flowing
through the secondary branch Q3-QS of the current
mirror circuit, preventing the transistor Q2 turning on.
To remedy this disadvantage it is sufficient to choose
sufficiently high values for C1 and C2, always greater
than that of the intended load, to protect against starting
problems.

The circuit shown in FIG. 3 provides a gain in the
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filtering variations in the supply voltage Vpp for fre-
quencies from 100 kHz up to a few MHz.

In some high-frequency applications, or for other
reasons, it may be beneficial to provide a circuit without
starter capacitors such as the capacitors C1 and C2 but
having supply variation filtering performance compara-
ble with that of the circuit of FIG. 3. The circuit shown
in FIG. 4 resolves this problem.

Here the capacitor C1 is replaced by a PMOS transis-

50

tor M4 the grid of which is connected to the output S of 55

an inverter comprising a PMOS transistor Mé and an
NMOS transistor M7. The source of the transistor M6 is
connected to the V ppsupply while that of the transistor
M7 is connected to earth. The input E of the inverter
(consisting of the interconnected grids and the transis-
tor M6-M7) is connected to the collector of the transis-
tor Q5.

This circuit operates in the following manner.

Conventionally, provided that the voltage at the
input E of the inverter is below a specific threshold the
output S of the inverter is at the same potential (Vpp1n
this instance) as the source of the PMOS transistor M6
which is then turned on. It follows that the grid of the

65
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transistor M4 is at the potential Vpp and the NMOS
transistor M4 turns on when the generator is started.
Under these conditions the transistor M4 imposes a
current in the primary branch of the current mirror
circuit which makes it possible to turn on all the other
bipolar transistors.

However, the potential at the collector of the transis-
tor Q5 increases and when the inverter threshold i1s
exceeded, the transistor M6 turns off while the transis-
tor M7 turns on: the output S of the inverter is then
connected to earth as is the grid of the transistor M4,
which turns off: all of the current flowing in the pri-
mary branch of the current mirror circuit is then passed
through the transistor Q1. As the grid currents of the
transistors M6 and M7 are negligible all of the current
flowing in the secondary branch of the current mirror
circuit is routed towards Q2: the equality of the currents
in the transistors Q1 and Q2 is complied with and the
circuit then generates a stable reference voltage that is
independent of temperature and variations in the supply
voltage V pp for the reasons explained above.

Thus, by replacing the capacitors C1 and C2 in the
FI1G. 3 circuit with various field-effect transistors it 1s
possible to circumvent the disadvantages associated
with any high-frequency signals present on the Vpp
supply rail.

Of course, the present invention is in no way himited
to the selected embodiments shown by encompasses any
variation within the competence of those skilled in the
art. In particular, it is in no way limited to the use of the
Wilson circuit as the current mirror circuit.

We claim:

1. [Stable] A stable reference voltage generator
[ comprising, disposed] for connection between a volt-
age supply [(Vpp)] and [an earth connection,] &
ground potential, comprising:

a reference voltage generating section including:

a current mirror circuit comprising a primary branch
and a secondary branch which, in operation,
carries a current with characteristics at least com-
parable with [, and if possible identical to,J those
of the current in the primary branch[, ],

a first [bipolar] transistor [(Q1) with its collector
connected] in series with the primary branch of
the current mirror[,];

an isolation transistor in series between the primary
branch of the current mirror circuit and the first
transistor;

a voltage divider [bridge] comprising [at least]
two [series-connected] resistors [(R1, R2) said
bridge being connected in series between the sec-
ondary branch of the current mirror and the collec-
tor of } interconnected at a common point;

a second [bipolar] transistor [(Q2), the base of the
second transistor (Q2) being]} in series between the
resistors and the ground potential, and having a cur-
rent control element connected to the common point
of said resistors, [the base} a current contro! ele-
ment of the first transistor [(Q1)]} being connected
to [the collector of ] a node between the second
transistor [(Q2), the] and the resistors; said voltage
divider being connected in series between the second-
ary branch of the current mirror circuit and the sec-
ond transistor;

an output of the reference voltage generator
[(Vzer)] being [connected to the terminal]
derived from one of the [bridge opposite that
connected to the collector of ] resistors with respect
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the second transistor [(Q2), the geometry of said
transistors being such that the first transistor (Q1) 1s
equivalent to “N” transistors identical to the sec-
ond transistor (Q20) connected in parallel, the ref-
erence voltage (V grerF) being given by the equation:

o
VREF = V3m+—§%- 'q—rlﬂgN

in which:
T: Ambient temperature
V pe2: Base-emitter voltage of the second transistor
(Q2), in turn given (neglecting other than first
order terms) by the equation:

Veez=Vcor+aT

in which a and V ¢z are constants related to the design
of the second transistor
R1: Value of the resistor of the bridge connected to
the collector of the second transistor (Q2)
R2: Value of the second resistor of the bridge con-
nected in series with R1
k,q: Universal constants R1, R2 and N being chosen
so that the sum of the terms aT and

—"qT LogN

R2
R1

is null, characterised in that it further comprises
an isolation bipolar transistor (Q7) connect in series
between the primary branch of the current mirror
circuit and the first transistor, the collector of the
latter being connected to the emitter of the isola-
tion transistor, Jand the characteristics of the first
and second transistors and the magnitudes of the first
and second resistors having been selected such that a
reference voltage provided at the output of the refer-
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§. [ Generator] The reference voltage generator ac-
cording to claim 4 [characterised in that it comprises ]
wherein a second starter capacitor [(C2)]} is connected
between [the collector of the bipolar transistor con-
nected to the generator supply voltage (Vpp)] an inter-
nal connection in the secondary branch of said current
mirror circuit and [earth] ground through 1solating
means adapted to isolate the second starter capacitor
[(C2)] from [earth]} ground when the second [bipo-
lar} transistor [(Q2)] is [not turned on] off.

6. [ Generator] The reference voltage generator ac-
cording to claim 5 [characterised in that] wherein said
isolating means for isolating the second starter capacitor
[ (C2) comprise} field-effect transistor [(M3)] con-
nected in series between said second starter capacitor
F(C2)]) and [earth] ground, the [grid] gate of said
field-effect transistor being connected to the output of
the secondary branch [(12)] of the current mirror
circuil,

7. EGenerator] The reference voltage generator ac-
cording to claim 4 [characterised in that] wherein the
current mirror circuit comprises [transistors are} first,
second, third, and fourth bipolar transistors [in a so-
called “Wilson” circuit] in which the base of the [out-
put] third transistor [(Q6)] of the primary branch [of
the circuit} is connected to [the] its collector [ of this
transistor {Q6) whereas] , the base of the second transis-
tor [(Q3) connected to the supply voltage of the gener-
ator (Vpp), ) in the secondary branch is connected to
[the} its collector[of the transistor (Q3),] , and the
bases of the first and second and the third and fourth
transistors [of each stage} being connected together.

8. [ Voltage} The reference voltage generator accord-
ing to claim [4 characterised in that] 5 wherein the
current mirror circuit comprises at least two [cascade]
cascode transistor stages [Q3, Q4 and QS5, Q6)].

9. [ Generator} The reference voltage generator ac-
cording to claim 1 [characterised in that it comprises ]
further comprising a starting means for turning on the

ence voltage generator is substantially independent of 40 transistors of the current mirror circuit, said starting

variation in ambient temperature; and

means, distinct from said reference voltage generat-
ing section, for [feeding to the base of } biasing the
isolation transistor [a voltage predetermined]}to
enable conduction in said isolation transistor.

2. [Voltage) The stable voltage generator according
to claim 1 [characterized in that]} wherein the current
mirror circuit comprises at least two [cascade] cascode
transistor stages [(Q3, Q4 and QS5, Q6)].

3. [Generator] The reference voltage generator
according to claim 1 [characterized in that the transis-
tors are} wherein the current mirror circuit comprises
first, second, third, and fourth bipolar transistors [in a
so-called “Wilson” circuit] in which the base of the
[output] third transistor [(Q6)] of the primary
branch [of the circuit] is connected to [the] its col-
lector [ of this transistor (Q6) whereas], the base of the
second transistor [(Q3) connected to the supply voltage
of the generator (Vpp),] of the secondary branch is
connected to [the] its collector, [of this transistor
(Q3),] and the bases of the first and second and the third
and fourth transistors of each stage [being] are con-
nected together.

4. [Generator] The reference voltage generator ac-
cording to claim 1 [characterised in that it comprises]
further comprising a starter capacitor [(C1)] between
[ the collector of ] the isolation transistor [(Q7)] and
[carth]} ground
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means comprising [in particular].

a [so-called “starter” field-effect] starter transistor
[ (M4) adapted] connected to turn on the transis-
tors of the current mirror circuit, and

an inverter circuit designed to drive the starter field-
effect transistor, [in particular} to turn [it] off
said starter transistor when the reference voltage
generator has switched to [its] a stable state in
which all the [bipolar]} transistors are turned on.

10. [ Generator} The reference voltage generator ac-

cording to claim 9 [characterised in that], wherein the
inverter circuit comprises:

a PMOS transistor [(M6) the] having a source [of
which is] connected to said voltage supply
[(VDop)}, and

an NMOS transistor [(M7) the] having a source [of

which is] connected to [earth}ground,
[ the drains of ] said NMOS and PMOS transistors

[being) having drains connected together and
constituting the output [(8)] of the inverter cir-
cuit fand the grids of]}, and said NMOS and PMOS
transistors [being] having gates connected to-
gether and constituting [the] an input [(E)] of
said inverter circuit.

11. [ Generator] The reference voltage generator ac-
cording to claim 9 [characterised in that the] wherein
the [transistors are] current mirror circuit comprises
first, second, third, and fourth bipolar transistors [in a
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so-called “Wilson” circuit] in which the base of the
[output] third transistor [(Q6)] of the primary
branch [of the circuit]} is connected to [the] izs col-
lector [[of this transistor (Q6) whereas], the base of the
second transistor [(Q3) connected to the supply voltage
of the generator (Vpp),} in the secondary branch is
connected to [the} its collector[of the transistor
(Q3),] the bases of the first and second and the third and
fourth tramsistors [of each stage] being connected
together.

12. [Voltage] The reference voltage generator ac-
cording to claim 9 [characterised in that]} wherein the
current mirror circuit comprises at least two cascode
transistor stages [(Q3, Q4 and Q5, Q6)].

13. [ Generator] The reference voitage generator ac-
cording to claim 1 [characterised in that it comprises }
further comprising a starter circuit comprising:

a [so-called “starter”] starter field-effect transistor
(M4) between the collector of] connected to the
isolation transistor [(Q7)] and [earth} ground;
and

an inverter circuit between said voltage supply
F(Vpp)] and [earth] ground, [the] an output
[(S)] of said inverter circuit being connected to
[the grid] a gate of the starter transistor [(M4) ]
and [the] ar input [(E)] of the inverter circuit
being connected to the output of the secondary
branch [(12)] of the current mirror circuit.

14. [ Generator] The reference voltage generator ac-
cording to claim 13 [characterised in that the transis-
tors are) wherein the current mirror circuit comprises
first, second, third, and fourth bipolar transistors [in a
so-called “Wilson” circuit] in which the base of the
[output] third transistor [(Q6)] of the primary
branch [of the circuit] is connected to [the] izs col-
lector [ of this transistor (Q6) whereas], the base of the
second transistor [(Q3) connected to the supply voltage
of the generator (Vpp),) in the secondary branch is
connected to [the] its collector[of this transistor
(Q3),). and the bases of the first and second and the

12
third and fourth transistors [of each stage] being con-
nected together.

15. [ Voltage] The reference voltage generator ac-
cording to claim 13 [characterised in that ] wherein the
current mirror circuit comprises at least two cascode
transistor stages[(Q3, Q4 and Q5, Q6)].

16. The voltage generator of claim 1 wherein the geome-
try of said first and second transistors is such that the first
transistor is equivalent to “N” transistors identical to the

10 second transistor connected in paraliel.
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17. The reference voltage generator according to claim
16 wherein the magnitudes of the first and second resistors
are determined by the following equations:

R2 kT
RI 7 LogN

VREF = VBE2
in which:
T: Ambient temperature
Vgr: Base-emitter voltage of the second transistor, In
turn given (neglecting other than first order terms) by

the equation:
Vegx=Vcort+al

in which o and Vcop are constants related to the design of

the second transistor
R1: Value of the resistor of the bridge connected to the
collector of the second transistor
R2: Value of the second resistor of the bridge connected
in series with R1
k,q: Universal constants R1I, R2 and N being chosen so

that:

R2 kT

R1 7 LogN =0

al -+

18. A reference voltage generator according to claim 1
wherein the first transistor, the second transistor and the

isolation tranmsistor are bipolar transistors.
x x * %x .
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