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Description

Field of the Invention

[0001] This invention relates to an electronic regulator circuit producing a reference voltage which varies with temper-
ature.
[0002] The invention relates in particular to a regulator circuit producing a varying reference voltage with temperature,
which circuit includes a band-gap generator for supplying a power stage through an error amplifier and a comparator
(5), to said error amplifier being also applied a regulated voltage.
[0003] More particularly though not exclusively, the invention relates to a voltage regulator for automotive applications,
and the following description is made with reference to this application field for convenience of illustration.

Prior Art

[0004] As it is well known in this technical field, the battery regulated voltage has to follow a specific pattern with
temperature in voltage regulators to be used in motor alternators. Usually, this pattern can be represented by a polygonal
curve of voltage plotted against temperature which changes in slope at predetermined breakpoints, as shown in Figure
1 where the curve includes at least three segments.
[0005] This dependence of the voltage regulator on temperature is usually established inside the regulator circuit,
using a reference which obeys a desired law, for instance as shown in Figure 1, but is scaled in value by a factor K set
by a voltage divider, for example.
[0006] More particularly, a conventional voltage regulator 1 is shown by way of example in Figure 2 which uses a
supply voltage VGO deriving from an external source.
[0007] Regulators of the kind shown in Figure 2 commonly equip automobile vehicles having an alternator associated
with their power plant. The alternator output voltage VGO, although much affected by noise, is often used to supply the
less critical portions of the vehicle own electronic circuitry. These circuit portions, e.g. digital circuits and power stages,
are indeed the most consumption-intensive ones.
[0008] The regulator 1 includes a band-gap regulator block 2 intended for generating a stable voltage and reference
signal Vr from a supply line 3 presenting the voltage VGO.
[0009] One example of a band-gap circuit is disclosed in US Patent No. 5,309,083 to Valeo Equipments Electriques.
[0010] The reference voltage signal Vr, also referred to as the set point signal, is supplied to respective inverting (-)
inputs of an error amplifier 4 and an output comparator stage 5, when regulation is non-linear and provided through a
relay. When regulation is instead achieved by means of a PWM signal, the inverting input of the comparator 5 will receive
the PWM signal.
[0011] In either cases, both the error amplifier 4 and the comparator 5 are supplied by a voltage VGO line 3, and the
output of the error amplifier 4 is connected to the non-inverting (+) input of the output comparator stage 5.
[0012] A voltage divider 6 is provided between a SENSE line and a ground voltage reference GND. A voltage value
Vs to be controlled is present on the SENSE line.
[0013] The signal Vs on the SENSE line is equal to K Vr, where K is the partition factor. For example, if the divider 6
is of a resistive type, a first resistor of unitary resistance is connected in series to a resistor of resistance (K-1). The
interconnection node X between these resistors is connected to the non-inverting (+) input of the error amplifier 4 to
deliver a voltage value given by the ratio Vs/K.
[0014] It is a regulation loop, not shown because conventional, that will make the value of the signal Vs on the SENSE
line K times greater than the reference voltage signal Vr.
[0015] The regulator structure 1 described with reference to Figure 2 may be operated in different regulating modes.
[0016] For example, the regulator 1 may be validly operated in a switching mode, or in a PWM (Pulse Width Modulation)
mode, or in a relay type of non-linear mode.
[0017] Such a structure is described, for example, in US Patent No. 5,703,476 to the same Applicant.
[0018] Although in many ways advantageous and substantially achieving its objective, the above regulator structure
is inadequate to allow a simulation of the curve of Figure 1 to be obtained in any comparatively simple manner, in all of
the above regulating modes.
[0019] In addition, none of the above-outlined technical solutions are economically advantageous, from both stand-
points of power consumption and circuit complexity.
[0020] The underlying technical problem of this invention is to provide an integrated electronic circuit for regulating a
varying reference voltage with temperature, which circuit has such structural and functional features that it can be supplied
by a voltage produced inside the circuit itself, thereby reducing the overall power consumption and improving the stability
features of the generated reference voltage signal Vr.
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Summary of the Invention

[0021] The principle on which this invention stands is one of using, as supply voltage, the controlled signal Vr of the
SENSE line produced by the regulator circuit itself, and of applying such supply voltage to a plurality of band-gap
regulators substantially provided in a number equal to the number of segments of a polygonal curve to be tracked by
the regulator characteristics.
[0022] Based on this principle, the technical problem is solved by an electronic regulator circuit as previously indicated
and defined in the characterizing portions of the appended claims.
[0023] The features and advantages of the circuit and the method according to the invention will be apparent from the
following description of embodiments thereof, given by way of non-limitative examples with reference to the accompanying
drawings.

In the drawings:

Brief Description of the Drawings

[0024]

- Figure 1 is a diagram of voltage vs. temperature showing the polygonal curve of a regulated voltage according to
the temperature variation.

- Figure 2 shows a schematic block view of an electronic circuit for switching regulation in automotive applications,
according to the prior art.

- Figure 3 shows a schematic block view of an electronic circuit according to this invention.

- Figure 4 shows a schematic view of a detail of the circuit in Figure 3.

- Figure 5 shows a schematic view of a voltage vs. temperature diagram for the circuit of Figure 3, related to the detail
of Figure 4.

- Figure 6 shows a schematic view of a circuit layout according to the embodiment of Figure 4, for a regulated voltage
having a linear pattern which includes at least three different slopes.

- Figure 7 shows a summarizing diagram of the operation of the logic network incorporated to the circuit of Figure 3.

- Figure 8 shows another circuit layout of the scheme in Figure 3.

Detailed Description

[0025] Referring to the drawing views and in particular to the scheme of Figure 3, an integrated electronic circuit
according to the invention for regulating a reference voltage Vr which varies with temperature is generally shown at 10
in schematic form, and is specifically useful with switching regulators.
[0026] The circuit 10 is a regulator intended for producing a control voltage Vc to a conventional power stage, not
shown, which would be connected downstream of the regulator.
[0027] The circuit 10 comprises a band-gap generator 2 producing a voltage Vc to be supplied at a power stage
through an error amplifier 4 and a comparator 5. To the error amplifier 4 is also applied a regulated voltage Vs, specifically
a fraction thereof picked up through the voltage divider 6.
[0028] The regulated voltage Vs presented on the SENSE line can be produced by the regulator circuit itself through
a regulating loop.
[0029] Based on the structure shown in Figure 2, this invention heeds the fact that a switch mode regulation essentially
consists essentially of causing the comparator 5 to issue a digitalized signal obtained from the signal Vs, the latter being
the controlled signal. In essence, the information output from the comparator 5 is a logic signal to turn on or off a power
actuator stage connected downstream of the comparator 5. The output signal will be a logic value 1 if the signal Vs/K
is lower than the set-point signal Vr; viceversa, it will be 0.
[0030] Now, this simplification is granted by the following stipulations:

1) the set-point signal Vr is not processed in the "analog" mode to create N segments of the polygonal curve shown
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in Figure 1 and then "digitalize" the signal Vs of the SENSE line, as it happens in the prior art; on the contrary, the
digitalizing step is shifted as far upstream as possible, that is, as close to the generation of the set-point signal Vr
as possible;

2) a specific (Vr_th) band-gap reference is provided for each straight segment of the polygonal curve in Figure 1.
Each of these N band-gap blocks -- shown in Figure 3 and being the same number as the N segments of the
polygonal curve in Figure 1 -- has a logic output of 1 if the ratio Vs/K is lower than the Vr_th reference, viceversa
an output of 0. Accordingly, the signal Vs of the SENSE line will be simultaneously digitalized as the "Vr_th" reference,
related to the "i-th" segment of the polygonal curve in Figure 1, is generated;

3) optimum performances can thus be obtained for the regulator 10 by having these N reference blocks, "Vr_th",
directly supplied by the signal Vs to be controlled;

4) the overall regulation will be given by a logic function, e.g. a Boolean function, among the N logic inputs provided
by the reference blocks under 2) above; the output of a related logic network 11 will drive a switching power stage
connected downstream of the regulator 10.

[0031] The above considerations have their fulfillment in the block diagram of Figure 3. For the regulator circuit 10 to
operate correctly, it is important for the logic signals therein to be suitably handled, as explained hereinafter.
[0032] Thus, the regulator 10 includes plural band-gap blocks 12, each intended to produce a corresponding voltage
signal Vr-i applied to the logic network 11. Each block 12 is input a signal taken from the interconnection node X of the
resistive divider 6.
[0033] The output from each block 12 carries a logic value of 1 if Vs/K < Vr-i, or a value of 0 if Vs/K ≥ Vr-i.
[0034] Advantageously in this invention, each block 12 is powered from the SENSE line, whereon the voltage signal
Vs to be controlled is presented.
[0035] The basic structure of each block 12 with base "Vr-i" is shown in Figure 4. The example of Figure 4 is but one
of the practical circuit embodiments which are possible for the scheme of Figure 3, and is in no way limitative.
[0036] A current generator "gen-i" represents the low-side configuration output of a mirror 13 of a current Iri. This
generator is set to a reference value I0. This current reference value 10 is issued from a generator of the "∆Vbe" type.
In essence, the current 10 is given by: 

In other words, the current 10 is obtained by selecting the resistance of a resistor R0 to which a voltage drop ∆Vbe is
applied.
[0037] The current mirror 13 comprises a pair of bipolar transistors Q5 and Q5’ which are supplied from the SENSE
line and inserted in a first leg 14 and a second leg 15 of the mirror, respectively.
[0038] A first Q5 of said transistors is diode-connected to a transistor Qi on the leg 14. This transistor Qi has a control
terminal, i.e. its base terminal, connected to the node X of the resistive divider 6. A conduction terminal of the transistor
Qi is connected to ground through a resistor Ri and a voltage generator Vri.
[0039] Connected between the second transistor Q5’ of the mirror 13 and the current generator 10 is an output node
Y from which the voltage signal Vi can be taken via an inverter 16.
[0040] It is preferred, though not absolutely necessary, to arrange for the voltage drops Vbe of the transistors affected
by equation (1) above to be coupled to the transistor Qi of unity area. This applies to their resistors as well.
[0041] These being the conditions, the threshold voltage Vi of the transistor Qi is coincident with the following value
of the voltage Vs at the SENSE line: 

The error introduced by the base currents of the transistors has been left out of this equation for simplicity, in view of
such currents being easily recovered at the expense of a small circuit complication. Thus, for simplicity’s sake, it is
assumed to be i = 2, meaning that the second segment of the polygonal curve in Figure 1 is considered.
[0042] Equation 2 allows to set the slope value of the regulated voltage Vs against temperature, at a given resistance
R0, by appropriate selection of the resistance Ri=R2.
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[0043] By assigning different values to R2 and Vr2, various slope combinations can be obtained, in any desired number
and form. Figure 5 graphically shows how to proceed in the instance of the segmented curve of Figure 1.
[0044] Figure 5 shows the transistor Q connected to ground only for convenience in illustrating the synthesis mode
of the polygonal curve.
[0045] Equation (2) is implemented according to the scheme of Figure 4, where the transistor Qi (it being i=2) is placed
in the most useful point for the regulation that follows. The ultimate solution for obtaining a polygonal pattern as shown
in Figure 1 is therefore shown in the example of Figure 6, which relates to the instance of N=3, that is of three polygonal
segments.
[0046] It can be appreciated that each circuit portion shown in Figure 4 has been modularly coupled to a circuit portion
of similar construction to provide a regulator 10 which consists of at least three modules, or as many modules as the
polygonal segments of Figure 1 are.
[0047] Each module has a first circuit leg 14 which includes a transistor Qi connected by its base terminal to the node
X of the resistive divider 6.
[0048] The logic signals V1, V2 and V3 at the respective output nodes Y1, Y2 and Y3 of each module indicate the
state of the voltage Vs/K at the polygonal segments [1], [2] and [3] shown in Figure 5.
[0049] For example, V1 will be a logic 0 if the voltage Vs/k locates above the line [1]. Otherwise, it will be a logic 1, if
below said line [1]. The same considerations would apply to V2 and V3, for any number of polygonal segments.
[0050] The logic network 11 can be structured with the aid of the diagram in Figure 7. For correctly driving the power
stage which is connected downstream of the regulator 10, the operational range of such stage should be determined.
Assuming the power stage to be, for example, a transistor with "on/off" states, the "on" and "off" areas of this transistor
denoted by the numerals 17 and 18, are respectively shown in the Cartesian diagram of Figure 7 with also the polygonal
curve of Figure 1 superimposed. The logic values of the signals V1, V2 and V3 are indicated by three parenthetic digits
in the areas bounded by the respective regulation curves [1], [2] and [3].
[0051] The logic network 11 connected downstream of the circuit shown in Figure 6 has been drawn from this graph
and meets the following equation: 

In Figure 6, a capacitor C is connected between the node X of the divider 6 and ground GND. The dynamic function is
served by this capacitor C, which is but a schematic representation of the most suitable position for inserting the dynamic
properties of the regulation loop.
[0052] The voltages Vr1, Vr2 and Vr3 can be easily obtained from the current I0 in the event of no other sources being
available. Generation by means of the current I0 also allows recovery of process variations of any quantities by adjusting
only a parameter, i.e. the current I0 which is dependent on the resistance R0.
[0053] A suitable circuit 20 for this purpose is shown in Figure 8. This circuit 20 also allows the base current Ib to be
recovered which had been ignored in equation (2). The circuit 20 comprises a series of resistors R, R1, R2,...Ri,...RN
which have to be of the same type and coupled to the resistor R0.
[0054] Thus, the i-th node of the circuit 20 of Figure 8 is the equivalent of a Thevenin voltage generator having a
no-load voltage that equals the Vri-th voltage, being the translating voltage, and an equivalent series resistance that
equals the Ri-th resistance of desired value, in conformity with the base circuit model of Figure 4.
[0055] The regulator circuit 10 of this invention allows the functions listed herein below to be incorporated in a single
comparatively simple modular circuit structure which were served heretofore by separate circuit portions.

A) The different slopes against temperature are obtained by adding a number of modules equal to the number of
polygonal segments having a slope change, and obtained by adopting a suitable logic network 11;

B) The prior art error amplifier is incorporated in the circuit of Figure 4 as a combination of the following components:
Vri, Ri, Qi and K, where suffix i may vary between 1 and N, and N is the number of polygonal segments.
Thus, the voltage Vs/K is digitalized at once upon comparison of the equivalent current Iri generated by the transistor
Qi from Vs/K with the reference current I0. The change from Vs/k to Iri also allows the required dynamic function
for regulation to be added.

C) The comparator itself is incorporated in the circuit and enables the current Iri produced by the controlled voltage
Vs/K of Figure 4 to be compared with the reference current 10 through the current mirror 13 with PNP bipolar
transistors Q5, Q5’.
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[0056] Of course, the comparator could be implemented by any other circuits requiring no such current mirrors.

Claims

1. An electronic regulator circuit (10) producing a reference voltage (Vr) which varies with temperature, the electronic
regulator circuit comprising:

a voltage divider (6) having an input for receiving a regulated voltage (Vs) and an output (X) for providing a
divided regulated voltage (Vs/K);
a plurality of band-gap generators (12) connected to said voltage divider (6), each band-gap generator (12)
having an input for receiving the divided regulated voltage (Vs/K) and comprising an error amplifier (4) and a
comparator (5) connected to said error amplifier (4); and
a logic network (11) connected to a respective output of each band-gap generator;
characterised in that
each band-gap generator (12) is supplied by the regulated voltage (Vs) and in that said plurality of band-gap
regulators (12) are at least equal in number to the segments of a polygonal curve representing the desired
pattern of the reference voltage (Vr) as the temperature varies.

2. A regulator circuit according to Claim 1, characterized in that said regulated voltage (Vs) is produced by the
regulator circuit itself.

3. A regulator circuit according to Claim 1, characterized in that each of said band-gap generators (12) comprises
first (14) and second current mirror (13) circuit legs (15), said circuit legs independently connecting a regulated
voltage (Vs) supply line to ground, the first circuit leg receiving said divided regulated voltage (Vs/K) through a
transistor (Qi), and the second circuit leg having an output node (Y) for connection to said logic network (11).

4. A regulator circuit according to Claim 1, characterized in that said band-gap generators (12) are modularly con-
nected in a circuit structure having an input connected to said voltage divider (6) and plural outputs connected to
said logic network (11), each through a respective inverter.

5. A regulator circuit according to Claim 1, characterized in that said divided regulated voltage (Vs/K) is digitalized
through said error amplifier and compared to a voltage produced by a reference current (I0).

6. A regulator circuit according to Claim 1, characterized in that said logic network (11) comprises logic gates at least
equal in number to the segments of said polygonal curve representative of the desired pattern of the reference
voltage (Vr) as temperature varies.

Patentansprüche

1. Elektronische Reglerschaltung (10) zur Erzeugung einer mit der Temperatur variierenden Referenzspannung (Vr),
wobei die elektronische Reglerschaltung umfasst:

einen Spannungsteiler (6) mit einem Eingang für eine geregelte Spannung (Vs) und einem Ausgang (X) zum
Bereitstellen einer geregelten Teilspannung (Vs/K);
eine Mehrzahl von Bandabstanderzeugern (12), welche mit dem Spannungsteiler (6) verbunden sind, wobei
jeder Bandabstanderzeuger (12) einen Eingang für die geregelte Teilspannung (Vs/K) aufweist und einen Feh-
lerverstärker (4) und einen mit dem Fehlerverstärker (4) verbundenen Komparator (5) umfasst; und
ein logisches Netzwerk (11), welches mit einem entsprechenden Ausgang jedes Bandabstanderzeugers ver-
bunden ist,
dadurch gekennzeichnet,
dass jeder Bandabstanderzeuger (12) durch die geregelte Spannung (Vs) versorgt wird und dass die Mehrzahl
von Bandabstanderzeugern (12) mindestens gleich der Anzahl von Teilabschnitten einer polygonalen Kurve
ist, welche dem gewünschten Muster der Referenzspannung (Vr) bei Variation der Temperatur entspricht.

2. Reglerschaltung nach Anspruch 1, dadurch gekennzeichnet, dass die geregelte Spannung (Vs) von der Regler-
schaltung selbst erzeugt wird.
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3. Reglerschaltung nach Anspruch 1, dadurch gekennzeichnet, dass jeder der Bandabstanderzeuger (12) erste
(14) und zweite (13) Stromspiegelschaltungszweige (15) aufweist, wobei die Schaltungszweige unabhängig eine
Versorgungsleitung einer geregelten Spannung (Vs) erden, der erste Schaltungszweig die geregelte Teilspannung
(Vs/K) durch einen Transistor (Qi) erhält und der zweite Schaltungszweig einen Ausgangsanschluss (Y) zum An-
binden an das logische Netzwerk (11) aufweist.

4. Reglerschaltung nach Anspruch 1, dadurch gekennzeichnet, dass die Bandabstanderzeuger (12) in einem Schal-
tungsaufbau modular eingebunden sind, wobei der Schaltungsaufbau einen Eingang, der mit dem Spannungsteiler
(6) verbunden ist, und mehrere Ausgänge, die mit dem logischen Netzwerk (11) jeweils durch einen entsprechenden
Inverter verbunden sind, aufweist.

5. Reglerschaltung nach Anspruch 1, dadurch gekennzeichnet, dass die geregelte Teilspannung (Vs/K) durch den
Fehlerverstärker digitalisiert und mit einer Spannung, die von einem Referenzstrom (I0) erzeugt wird, verglichen wird.

6. Reglerschaltung nach Anspruch 1, dadurch gekennzeichnet, dass das logische Netzwerk (11) mindestens so
viele Verknüpfungsglieder aufweist, wie die Anzahl von Teilabschnitten der polygonalen Kurve, welche dem ge-
wünschten Muster der Referenzspannung (Vr) bei Variation der Temperatur entspricht.

Revendications

1. Un circuit régulateur électronique (10) produisant une tension de référence (Vr) variant avec la température, le circuit
régulateur électronique comprenant :

un diviseur de tension (6), ayant une entrée pour recevoir une tension régulée (Vs), et une sortie (X) pour fournir
une tension régulée divisée (Vs/K) ;
une pluralité de générateurs à bande interdite (12) connectés audit diviseur de tension (6), chaque générateur
à bande interdite (12) ayant une entrée pour recevoir la tension régulée divisée (Vs/K) et
comprenant un amplificateur d’erreur (4) et un comparateur (5) connecté audit amplificateur d’erreur (4) ;et
un réseau logique (11), connecté à une sortie respective de chaque générateur à bande interdite ;
caractérisé en ce que
chaque générateur à bande interdite (12) est alimenté par la tension régulée (Vs) et en ce que ladite pluralité
de régulateurs à bande interdite (12) sont au moins en nombre égal à celui des segments d’une courbe polygonale
représentant le comportement souhaité de tension de référence (Vr) lorsque la température varie.

2. Un circuit régulateur selon la revendication 1, caractérisé en ce que ladite tension régulée (Vs) est produite par
le circuit régulateur lui-même.

3. Un circuit régulateur selon la revendication 1, caractérisé en ce que chacun desdits générateurs à bande interdite
(12) comprend des première (14) et deuxième (15) branches de circuit de miroirs de courant (13), lesdites branches
de circuit reliant indépendamment une ligne d’alimentation en tension régulée (Vs) à la masse, la première branche
de circuit recevant ladite tension régulée divisée (Vs/K) par un transistor (Qi), et la deuxième branche de circuit
ayant un noeud de sortie (Y) pour connexion audit réseau logique (11).

4. Un circuit régulateur selon la revendication 1, caractérisé en ce que lesdits générateurs à bande interdite (12)
sont connectés de façon modulaire en une structure de circuit ayant une entrée connectée audit diviseur de tension
(6) et ladite pluralité de sorties étant connectée audit réseau logique (11), chacun par un inverseur respectif.

5. Un circuit régulateur selon la revendication 1, caractérisé en ce que ladite tension régulée divisée (Vs/K) est
numérisée par ledit amplificateur d’erreur et comparée à une tension, produite par un courant de référence (I0).

6. Un circuit régulateur selon la revendication 1, caractérisé en ce que ledit réseau logique (11) comprend des portes
logiques, en nombre au moins égal au nombre de segments de ladite courbe polygonale, représentative du com-
portement souhaité de tension de référence (Vr) lorsque la température varie.
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