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(57) Abstract: A switched mode voltage regulator (1) comprises a resistor-divider circuit (10) comprising first and second resis-
tors (R1,R2) series connected between first and second taps (11,12) for maintaining a regulated output voltage across output ter-
minals (5,6) at a selectable regulated voltage value. The first tap (11) is connected to the positive output terminal (5). The resistors
(R1,R2) define an intermediate tap (15), the voltage of which is maintained at the value of a voltage reterence, which is produced
by a voltage reference circuit (19), by an error amplifier (12) which forms with a control circuit (8) a feedback loop to force the
voltage produced across the output terminals (5,6) to the regulated voltage value. A DAC (20) operated under the control of a mi-
croprocessor (23) selectively varies the voltage applied to the second tap (12) of the resistor-divider circuit (10) for in turn varying
the voltage on the first tap (11) for varying the value of the regulated voltage produced across the output terminals (5,6). The mi-
croprocessor (23) may also be programmed to calibrate the voltage regulator (1).
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“A voltage regulator and a method for operating a voltage regulator”

The present invention reiates to a voltage regulator and in particular to a voltage
regulator for producing a selectively variable regulated DC voltage supply from an
input voltage supply. The invention also relates to a method for operating a voltage’
regulator, and in particular to a method for operating a voltage regulator for
producing a selectively variable reguléted DC voltage supply from an input voltage

supply.

Voltage regulators for producing a regulated DC voltage supply from an input voltage
supply are known. In general, the input voltage supply is a DC voltage, and may be
an unregulated DC voltage supply, or a regulated DC voltage supply. Additionally,
the input voltage may be an AC voltage supply, which would be rectified to a DC
voltage supply. One type of such voltage regulators is referred to as a switched '
mode voltage regulator, and another type of such voltage regulators is referred to as
a linear mode voltage regulator. A switched mode voltage regulator is disclosed in
U.S. Patent Specification No. 5,481,178 of Wilcox, et al, assigned to Linear

Technology Corporation.

Such switched mode voltage regulators comprise an impedance-divider circuit,
which in general is a resistor-divider circuit coupled across a pair of output terminals
across which the regulated DC voltage is produced. The resistor-divider circuit
comprises first and second resistors connected in series between first and second
taps of the resistor-divider circuit. An intermediate tap is defined between the first
and second resistors. The first tap is connected to a first one of the output terminals,
and the second tap is connected to a second one of the output terminals. Typically,
the second output terminal to which the second tap is connected is connected to a
common vol‘tage with one of a pair of input terminals to which the input voitage

supply is applied. The common voltage typically is ground voltage.

The intermediate tap of the resistor-divider circuit is coupled to one of the inverting
and non-inverting inputs of an error amplifier, and the other of the inverting and non-

inverting inputs of the error amplifier is connected to a voltage reference. The error
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amplifier forms a feedback lodp with suitable control circuitry in the voltage regulator,
so that the error amplifier operates to force the voltage on the first output terminal to
the regulated voltage value, in order to maintain the voltage on the intermediate tap
substantially at the value of the voltage reference. In a switched mode voltage
regulator of the type configured to produce a DC regulated voltage of, for example, 5
volts from an unregulated DC voltage which can vary between 10 volts and 20 volts,
the intermediate tap of the resistor-divider circuit typically is held at a voltage of

approximately 0.6 volts.

The value of the regulated voltage produced across the output terminals is
determined by the voltage value of the voltage reference, and the ratio of the
resistance values of the first and second resistors of the resistor-divider circuit. In a

typical switched mode voltage regulator, which is required to produce a regulated

DC voltage of up to 5 volts, the voltage reference is of voltage value of 0.6 volts and
the first resistor, which is located between the intermediate tap and the first tap,
typically is of resistance value of the order of 60.4 Kohms. The resistance value of
the second resistor which is located between the intermediate tap and the second
tap is selected to produce the regulated voltage of the desired voltage value. If a
regulated voltage of a different voltage value is required, it is necessary to replace
the second resistor of one resistance value with a resistor of another resistance
value. This is inconvenient and cumbersome. Additionally, by virtue of the fact that
the regulated voltage is varied by replacing one resistor with another resistor of a
different resistance value, the regulated voltage can only be varied in relatively large

steps. This is undesirable.

Typical linear mode voltage regulators are disclosed in -U.S. Patent Specification No.
6,377,033 of Hsu, assigned to ASUSTeK Computer Inc. Such linear mode voltage
regulators comprise an impedance-divider circuit which is provided by a resistor-
divider circuit connected across the first and second output terminals in a similar
manner as the resistor-divider circuit is connected across the first and second output

terminals of a switched mode voltage regulator. Current from the input voltage

“supply is conducted to the first output terminal through a pass element of variable -

resistance. One of the inverting and non-inverting inputs of an error amplifier is
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connected to the intermediate tap defined between the first and second resistors of
the resistor-divider circuit, and the other of the inverting and non-inverting inputs of
the error amplifier is connected to a voltage reference. The error amplifier forms a
feedback loop with the pass element, so that the error amplifier operates to force the
voltage on the first output terminal to the regulated voltage value, in order to
maintain the voltage on the intermediate tap substantially at the value of the voltage
reference.

The regulated voltage produced across the output terminals of a linear mode voltage
;'egulator is a function of the value of the voltage reference, and the ratio of the
resistance values of the first and second resistors of the resistor-divider circuit in
much the same way as the regulated voltage produced on the output terminals of the
switched mode voltage regulator is a function of the value of the voltage reference
and the ratio of the resistance values of the first and second resistors of the resistor-
divider circuit of the switched mode voltage regulator. Accordingly, in order to vary
the value of the regulated voltage produced across the output terminals of a linear
voltage regulator, it is necessary to remove and replace the second resistor of one
resistance value with a resistor of another resistance value. This is inconvenient and
cumbersome, and also as described with reference to a switched mode voltage
regulator, only allows the regulated voltage to be varied in relatively large steps.

There is therefore a need for a voltage regulator for producing a regulated DC
voltage supply from an input voltage supply, which may be a swi;chéd mode voltage
regulator or a linear mode voltage regulator, which overcomes the problems of
known voltage regulators and which allows the regulated voltage to be selectively

varied.

The present invention is directed towards providing such a voltage regulator, and the
invention is also directed towards a method for operating a voltage regulator in order
to produce a selectively variable regulated DC voltage supply from an input voltage

supply.

According to the invention there is provided a voltage regulator for producing a



WO 2011/107976 PCT/IE2011/000016

10

15

20

25

30

“selectively variable regulated DC voltage supply from an input voltage supply, the

voltage regulator comprising first and second output terminals across which the
regulated voltage is produced, an impedance-divider circuit comprising a pair of
series connected impedance elements between a first tap and a second tap, the
series connected impedance elements defining an intermediate tap therebetween,
the first tap of the impedance-divider circuit being connected to the first output
terminal through a current path, a control circuit co-operable with the impedance-
divider circuit and being adapted to force the voltage on the first output terminal to
the regulated voltage value in order to maintain the voltage on the intermediate tap
of the impedance-divider circuit at a predefined fixed value, and a means for
selectively varying the voltage on the second tap of the impedance-divider circuit
relative to the voltage on the second output terminal for varying the value of the
regulated voltage produced across the first and second output terminals.-

In one embodiment of the invention the means for varying the voltage on the second
tap of the impedance-divider circuit is adapted to vary the voltage on the second tap
between a first voltage value and a second voltage value, the first and second’
voltage values lying in respective ranges of voltage values between the voltage on
the second output terminal and the voltage oh the intermediate tap of the
impedance-divider circuit. Preferably, the first voltage value is substantially equal to
the voltage on the second output terminal. Advantageously, the second voltage
value is substantially equal to the voltage on the intermediate tap of the impedance-

divider circuit.

In another embodiment of the invention the means for varying the voltage on the
second tap of the impedance-divider circuit comprises a variable voltage producing

means. Preferably, the variable voltage producing means comprises a high

-resolution variable voltage producing means.

In another embodiment of the invention the variable voltage producing means
comprises a digital-to-analogue converter. Preferably, the digital-to-analogue
converter is configured to have a resolution of at least 8 bits. Advantageously, the

digital-to-analogue converter is configured to have a resolution in the order of 12
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bits.

Preferably, the analogue output voltage produced by the digital-to-analogue
converter is applied to the second tap of the impedance-divider circuit.
Advantageously, an analogue output of the digital-to-analogue converter is
connected to the second tap through a current path.

In an alternative embodiment of the invention the variable voltage producing means

comprises a digital potentiometer.

In one embodiment of the invention a programmable element is provided for
controlling the variable voltage producing means to provide selectable voltage
values for applying to the second tap of the impedance-divider circuit. Preferably,
the programmable element comprises a microprocessor, and the microprocessor is
programmed to receive inputs indicative of respective selectable regulated voltage

values.

In another embodiment of the invention the microprocessor is responsive to an input
indicative of a selectable regulated voltage value inputted thereto to operate the
variable voltage producing means to apply a voltage to the second tap of the
impedénce—divider circuit of a value to produce the selected regulated voltage across

the first and second ou;tput terminals.

In a further embodiment of the invention a calibration circuit is provided for
calibrating the voltage regulator. Preferably, the calibration circuit comprises a
means for reading a voltage indicative of the regulated voltage produced across the
first and second output terminals, and a means for comparing the read voltage
indicative of the regulated voltage>produced across the first and second output
terminals with an ideal voltage value. Advantageously, a means is provided for ,
deriving a calibration value from the comparison of the read voltage indicative of
regulated voltage produced across the first and second output terminals and the
ideal voltage value.
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In one embodiment of the invention the microprocessor is programmed to read the
voltage indicétive of the regulated voltage produced across the first and second
output terminals and to compare the read voltage indicative of the regulated voltage
produced across the first and second output terminals with the ideal voltage.
Preferably, the microprocessor is programmed to compute the calibration value.
Advantageously, the microprocessor is programmed to operate the variable voltage
producing means to apply a predefined voltage to the second tap of the impedance-
divider circuit to produce a regulated voltage across the first and éecond output
terminals, and to read the voltage indicative of regulated voltage produced across
the first and second output terminals in response to the predefined voltage applied to

the second tap for comparison with the ideal voltage value.

Ideally, the microprocessor is programmed to operate the variable voltage producing
means to apply at least two predefined voltages of different voltage values to the
second tap of the impedance-divider circuit and to read voltage values indicative of
the respective regulated voltages produced across the first and second output
terminals in response to the two predefined voltage values applied to the second tap,
and to compute respective calibration values from a comparison of the two read
voltage values indicative of the regulated voltage produced across the first and

second output terminals with corresponding respective ideal values.

In one embodiment of the invention each calibration value is stored in a non-volatile

memory readable by the microprocessor.

In another embodiment of the invention each ideal value of the regulated voltage is

stored in the microprocessor.

In a further embodiment of the invention the microprocessof is programmed to
operate the variable voiltage producing means to apply the voltages to the second
tap of the impedance-divider circuit corrected with the calibration value to produce
the respective regulated voltages across the first and second output terminals of the

selected voltage values.
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In. one embodiment of the invention one of a inverting input avnd a non-inverting input
of an error amplifier is connected through a current path to the intermediate tap’ of
the impedance-divider circuit, and the other of the inverting and the non-inverting
inputs of the error amplifier is connected through a current path to a voltage '
reference, the error amplifier forming with the control circuit a feedback loop to force
the voltage on the first output terminal to the regulated voltage value in order to
maintain the voltage on the intermediate tap of the impedance-divider circuit at the
predefined fixed voltage. Preferably, the predefined fixed voltage is of value

substantially equal to the value of the voltage reference.

In another embodiment of the invention a pair of input terminals are provided for
receiving the input voltage supply.

In a further embodiment of the invention the second output terminal and one of the

input terminals are held at a common voltage.
In one aspect of the invention the common voltage is ground voltage.

In another aspect of the invention each impedance element of the impedance-divider

circuit comprises an impedance element of substantially fixed impedance value.

In another embodiment of the invention the impedance-divider circuit comprises a

resistor-divider circuit.

In one aspect of the invention the resistance value of the resistor-divider circuit
between the second tap and the intermediate tap is in the range of 8.25 Kohms to
60.4 Kohms when the resistance value of the resistor-divider circuit between the first

tap and the intermediate tap is in the order of 60.4 Kohms.

- In another aspect of the invention the resistor-divider circuit comprises a first resistor

connected between the first tap and the intermediate tap, and a second resistor
connected between the second tap and the intermediate tap.
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In one embodiment of the invention the voltage regulator is adapted for producing
selectable regulated DC voltages across the first and second output terminals of
vélues in the range of zero volts to the maximum regulated voltage value of which
the voltage regulator is configured to produce.

In another embodiment of the invention the voltage regulator is adapted for
producing selectable regulated DC voltages across the first and second output

terminals of values up to 60 volts.

In another embodiment of the invention the voltage r_egulator is adapted for
producing selectable regulated DC voltages across the first and second output

terminals of values up to 12 volts.

In a further embodiment of the invention the voltage regulator is adapted for
producing selectable regulated DC voltages across the output terminals of values in
the range of zero volts to 60 volts.

In one aspect of the invention the voltage regulator is adapted for receiving an
unregulated DC voltage supply.

In one embodiment of the invention the voltage regulator is configured as a switched
mode voltage regulator. In an alternative embodiment of the invention the voltage

regulator is configured as a linear mode voltage regulator.

In one aspect of the invention the voltage regulator is adapted to be produced as an
integrated circuit.

In another aspect of the invention the voltage regulator is adapted to be produced as

a module.

In a further aspect of the invention the voltage regulator is adapted to be produced
from discrete parts.
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The invention also prdvides a method for operating a voltage regulator for producing
a selectively variable regulated DC voltage supply from an input voltage supply, the
voltage regulator being of the type comprising first and second output terminals
across which the regulated voltage is produced, an impedance-divider circuit -
comprising a pair of series connected impedance elements between a first tap and a
second tap, the first and second impedance elements defining an intermediate tap
therebetween, the first tap of the impedance-divider circuit being connected to the
first output terminal through a current path, and a control circuit co-operable with the
impedance-divider circuit and be'ing adapted to force the voltage on the first output
terminal to the regulated voltage value in order to maintain the voltage on the
intermediate tap of the impedance-divider circuit at a predefined fixed value, the
method comprising selectively varying the voltage on the second tap of the
impedance-divider circuit relative to the voltage on the second output terminal for
varying the value of the regulated voltage produced across the first and second

output terminals.

In one aspect of the invention the voltage on the second output tap is varied
between a first voltage value and a second voltage value, the first and second
voltage values lying in respective ranges of voltage values between the voltage on
the second output terminal and the voltage on the intermediate tap of the
impedance-divider circuit. Preferably, the first voltagé value is substantially equal to
the voltage on the second output terminal. Advantageously, the second voltage
value is substantially equal to the voltage on the intermediate tap of the impedance-

divider circuit.

In one embodiment of the invention the voltage on the second tap of the impedance-
divider circuit is varied by applying a voltage thereto from a variable voltage

producing means.

In one aspect of the invention the variable voltage producing means is controlled by
a programmable element for producing the variable voltage. Preferably, the

programmable element comprises a microprocessor.
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'In another embodiment of the invention the method further comprises calibrating the

voltage regulator.

In one aspect of the invention the voltage regulator is calibrated by comparing a
voltage indicative of the regulated voltage produced across the first and second
output terminals with an ideal voltage value and deriving a calibration value from the
comparison. Preferably, a predefined voltage is applied to the second tap of the
impedance-divider circuit, and a voltage indicative of a regulated voltage produced
across the first and second output terminals in response to the predefined voitage is

compared with an ideal voltage for producing the calibration value.

In another aspect of the invention each voltage applied to the second tap of the
impedance-divider circuit to produce a selected regulated voltage across the first
and second output terminals is corrected with the calibration value.

In another embodiment of the invention respective voltages of different predefined
voltage values are applied to the second tap of the impedance-divider circuit, and
voltages indicative of the corresponding regulated voltages produced across the first
and second output terminals are compared with corresponding ideal voltage values
for producing respective calibration values.

In one aspect of the invention the method is adapted for operating a switched mode
voltage regulator for producing the selectively variable DC voltage supply. In an
alternative aspect of the invention the method is adapted for operating a linear mode

voltage regulator for producing the selectively variable DC voltage supply.

The advantages of the invention are many. The voltage value of the regulated
output voltage produced across the output terminals of the voltage regulators
according to the invention can be varied without the need for removing and replacing
resistors of a resistor-divider circuit or impedance elements of an impedance-divider
circuit. Additionally, the voltage value of the regulated output voltage produced
across the output terminal can be varied between upper and lower limits of a voltage

range, and the voltage range may be as wide as the maximum value at which the
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regulated voltage supply can be produced by the voltage regulator and the value of
the voltage reference which is applied to the intermediate tap of the impedance-
divider circuit. A further advantage of the invention is that the regulated DC output
\)oltage is variable in relatively small increments and decrements within the voltage
range. The size of the voltage increments and decrements in which the regulated
DC voltage output can be varied is a function of the resolution of the variable voltage
producing means. By providing the variable voltage producing means as a high
resolution variable voltage producing means, the size of the voltage increments and
decrements of the regulated output voltage is relatively small. The provision of a
high resolution digital-to-analogue converter for applying the variable voltage on the
second tap of the impedance-divider circuit pérmits the regulated output voltage

“produced across the output terminals to be varied with a relatively high resolution.

The invention will be more clearly understood from the following description of some
preferred embodiments thereof, which are given by way of example only, with

- reference to the accompanying drawings, in which:

Fig. 1 is a block representation of a voltage regulator according to the

invention,

Fig. 2 is a block representation of a voltage regulator according to another

embodiment of the invention,

Fig. 3 is a block representation of a voltage regulator according to a further

embodiment of the invention, and

Fig. 4 is a block representation of a voltage regulator according to a still

further embodiment of the invention.

Referring to the drawings, and initially to Fig. 1, there is illustrated a voltage regulator
according to the invention, indicated generally by the reference numeral 1, for
producing a regulated QC output voltage supply Vout from a DC input voltage supply
Vin, which may be a regulated or an unregglated DC voltage supply. In this
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embodiment of the invention the voltage regulator 1 is a switched mode voltage
regulator. The voltage regulator 1 comprises first and second input terminals,
namely, a positive input terminal 3 and a ground terminal 4 to which the DC input

voltage supply Vin is applied. The regulated DC output voltage Vout is produced

across first and second output terminals, namely, a positive first output terminal 5
and a ground second terminal 6. The input and output ground terminals 4 and 6 are
held at a common voltage, which in this embodiment of the invention is ground

voltage.

A control circuit 8, which will be well known to those skilled in thé art of switched 7
mode voltage regulators, controls the voltage regulator 1 to produce the regulated
DC voltage supply across the output terminals 5 and 6, which is applied to a load 9
coupled across the first and second output terminals 5 and 6. An impedance-divider
circuit, which in this embodiment of the invention is provided by a resistor-divider ,
circuit 10 controls the regulated output voltage across the output terminals 5 and 6 at
a selected regulated voltage value. The resistor-divider circuit 10 comprises first and
second resistors R1 and R2 which are connected in series between a first tap 11

and a second tap 12. The first and second resistors R1 and R2 are of fixed
resistance value. The term “fixed resistance value” when used in connection with
the first and second resistors R1 and R2 is intended to mean resistors which are of
fixed resistance values to the extent that any change in the resistance values would

only occur in the event of a change in temperature of the resistors.

The first tap 11 of the resistor-divider circuit 10 is connected to the first output
terminal 5. The first and second resistors R1 and R2 define an intermediate tap 15,

which is connected to one of an inverting and non-inverting input of an error amplifier

~ 17. In this embodiment of the invention the intermediate tap 15 is connected to the

inverting input of the error amplifier 17. The non-inverting input of the error amplifier
17 is connected to a voltage reference Vref produced by a voltage reference circuit
19. The error amplifier 17 forms a feedback loop with the control circuit 8, so that
the error amplifier 17 operates to force the voltage on the first output terminal 5 to
the desired regulated voltage value, in order to maintain the voltage on the
intermediate tap 15 to a fixed voltage value, which in this case is the value of the
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voltage reference produced by the voltage reference circuit 19, and the voltage on
the intermediate tap 15 is maintained by the error amplifier 17 substantially at the

voltage value of the voltage reference.

A rheans for selectively varying the voltage on the second tap 12 of the resistor-
divider circuit 10 relative to the voltage on the second output terminal 6 for in turn
varying the value of the regulated output voltage produced across the first and
second output terminals 5 and 6 comprises a variable voltage producing means,
namely, a digital-to-analogue converter (DAC) 20. In this embodiment of the
invention the DAC 20 is a high resolution DAC and comprises a 12-bit DAC. The
analogue output 21 of the DAC 20 is connected to the second tap 12 of the resistor-
divider circuit 10 for applying selectable analogue voltages thereto. A programmable
element for controlling the DAC 20 to apply the selectable output voltages to the
second tap 12 in this embodiment of the invention comprises a microprocessor 23.
The microprocessor 23 is programmed to permit selection of desired regulated
output voltages to be produced across the first and second output terminals 5 and 6.
An appropriate digital word is written by the microprocessor 23 to the digital input 24
of the DAC 20 to produce a corresponding appropriate analogue output voltage on
the analogue output 21 of the DAC 20 for applying to the second tap 12 in order to
produce the regulated voltage across the output terminals 5 and 6 at the desired
regulated voltage value. The resolution with which the regulated voltage produced
across the first and second output terminals 5 and 6 may be selectively varied is
dependent on the resolution of the DAC 20.

The value of the voltége reference and the ratio of the resistance values of the ﬁrst‘
and second resistors R1 and R2 are selected so that when the voltage applied to the
second tap' 12 of the resistor-divider circuit 10 by the DAC 20 is ground voltage, the
value of the regulated voltage produced across the first and second output terminals
5 and 6 is the maximum regulated voltage value to be produced across the output
terminals for the selected resistor ratio. By increasing the value of the voltage

applied by the DAC 20 to the second tap 12 from a first voltage value, which in this

~ case is ground voltage, upwardly to a second voltage value, which in this case is

equal to the value of the voltage reference produced by the voltage reference circuit
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19, the value of the regulated voltage produced across the first and second output
terminals 5 and 6 decreases from the maximum regulated output voltage value
produced by the voltage regulator 1 to the value of the voltage reference, which is
the minimum selectable regulated output voltage produced by the voltage regulator
1.

The operation of the voltage regulator 1 to produce selectable regulated voltage
values across the first and second output terminals 5 'and 6 within a voltage range
from the minimum regulated voltage value equal to the value of the voltage
reference Vref to the maximum regulated voltage value can be explained as follows.
The regulated output voltage produced across the first and second output terminals
5 and 6 is a function of the ratio of the resistance values of the first and second
resistors R1 and R2, and is also a function of the voltage on the intermediate tap 15
which is forced to the value of the voltage reference Vref produced by the voltage
reference circuit 19. Accordingly, the regulated output voltage produced across the

. first and second output terminals 5 and 6 is given by the following equation (1):

» Vout = Vref +% (Vref — Vdac) (1),

where

Vout is the regulated output voltage produced across the first and second
output terminals 5 and 6,

Vref is the value of the voltage reference produced by the voltage reference
circuit 19,

Vdac is the voltage applied to the second tap 12 by the DAC 20 relative to
the voltage on the second output terminal 6,

'R1 is the resistance valuef of the first resistor R1, and

R2 is the resistance value of the second resistor R2.

When the voltage Vdac on the second tap 12 is equal to the first voltage value,
namely, ground voltage, in other words, when the voltage on the second tap 12 is

equal to the voltage on the second output terminal 6, equation (1) becomes:
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Vout = Vref + 7’:-21 Vref (2)

Thus, when the voltage applied to the second tap 12 by the DAC 20 is ground
voltage, the regulated output voltage produced across the first and second output

terminals 5 and 6 is at its maximum value.

When the voltage Vdac which is applied by the DAC 20 to the second terminal 12
has been increased to the second voltage value, namely, the value of the voltage
reference Vref produced by the voltage reference circuit 19, equation (1) becomes:

Voui = Vref 3),
which is thus the minimum voltage value of the regulated output voltage which can
be produced across the first and second output terminals 5 and 6.

Accordingly, by increasing the voltage applied to the second tap 12 by the DAC 20
incrementally from the first voltage value, namely, ground voltage to the second
voltage value, namely, the value of the voltage reference Vref, the value of the
regulated output voltage produced across the first and second output terminals 5
and 6 is decrementally varied from the maximum value of the regulated output
voltage to the minimum value thereof, which is the value of the voltage reference
produced by the voltage reference circuit 19. The resolution with which the value of
the regulated output voltage produced across the first and second output terminals 5
and 6 can be varied depends on the resolution of the DAC 20.

In this embodiment of the invention the maximum value of the regulated output
voltage to be produced across the first and second output terminals 5 and 6 is 5
volts and the Value of the voltage reference produced by the voltage reference circuit
19 is 0.6 volts. The resistance value of the first resistor R1 is 60.4 Kohms, and the
resistance value of the second resistor R2 is 8.25 Kohms. This, thus, allows the
value of the regulated output voltage to be varied between 0.6 volts and 5 volts.

When the resistance values of the first and second resistors R1 and R2 are equal to
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each other, for example, of resistance value of 60.4 Kohms each, the maximum
value of the regulated output voltage produced across the first and second output
terminals 5 and 6 is twice the value of the voltage reference Vref producéd by the
voltage reference circuit 19, and is thus 1.2 volts. Accordingly, with the first and
second resistors of equal value, the value of the regulated output voltage produced
across the first and second output terminals 5 and 6 can be varied between the
values of 0.6 volts and 1.2 volts. A resistance value of the second resistor R2 of
30.1 Kohms with the first resistor of 60.4 Kohms and the voltage reference at 0.6
volts produces a maximum regulated output voltage across the first and second
outpﬁt terminals 5 and 6 of 1.8 volts. Accordingly, in this case the value of the
regulated voltage produced across the first and second output terminals 5 and 6 can
be varied from 0.6 volté to 1.8 volts. A resistance value of the second resistor R2 of
13.3 Kohms with the first resistor being of resistance value of 60.4 Kohms and the
voltage reference being at 0.6 volts produces a maximum regulated output voltage
across the first and second output terminals 5 and 6 of 3.3 volts, and thus, in this
case the value of the regulated voltage produced across the first and second output
terminals 5 and 6 can be varied between 0.6 volts and 3.3 volts.

In use, with the microprocessor 23 appropriately programmed, the desired value at
which the regulated voltage across the first and second output terminals 5 and 6 is to
be produced between the maximum voltage value and the minimum voltage value is
appropriately inputted to the microprocessor 23. The microprocessor 23 writes an
appropriate digital word to the DAC 20 in order that the analogue voltage applied by
the DAC 20 to the second tap 12 is of the appropriate vavlue to produce the regulated
output voltage across the first and second output terminals 5 and 6 at the selected
desired regulated value. The voltage regulatbr 1 operates to produce the DC
regulated output voltage supply to the load 9 across the first and second output
terminals 5 and 6 at the selected desired regulated voltage value. To alter the
voltage value at which the regulated voltage supply is produced across the output
terminals 5 and 6, the new desired voltage value is inputted to the microprocessor
23, which writes an appropriate digital word to the DAC 20, which in turn applies the
appropriate analogue voltage to the second tap 12 in order to produce the regulated

voltage supply across the first and second output terminals 5 and 6 at the new
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regulated voltage value.

Referring now to Fig. 2, there is illustrated a voltage regulator according to the
invention, indicated generally by the reference numeral 30, for producing a regulated
DC voitage supply from an input voltage supply, which in this case is also an
unregulated DC voltage supply. The voltage regulator 30 is a switched mode
voltage regulator and is substantially similar to the switched mode voltage regulator
1 described with reference to Fig. 1, and similar components are identified by the
same reference numerals. The main difference between the voltage regulator 30
and the voltage regulator 1 is that the voltage regulator 30 comprises a calibration
circuit 31 for carrying out self-calibration of the voltage regulator 30. The calibration
circuit 31 comprises a high resolution analogue-to-digital com)erter 33, an analogue
input 34 of which is connected to the first output terminal 5. The analogue-to-digital
converter 33 converts the regulated output voltage to a corresponding digital word
whivch is produced on an output 35 of the analogue-to-digital converter 33, and which
is indicative bf the voltage value of the regulated output voltage produced across the

first and second output terminals 5 and 6.

In this embodiment of the invention the microprocessor 23 is also prbgrammed to
operate in a calibration mode. In the calibration mode the microprocessor 23
operates the DAC 20 to sequentially apply a series of predefined voltages of
respective different voltage values to the second tap 12 of the resistor-divider circuit
10, and to read the corresponding digital words from the digital output 35 of the
analogue-to-digital converter 33. The microprocessor 33 compares the values of the
digital words read from the digital output 35 of the analogue-to-digital converter 33
with respective corresponding ideal values. Calibration values are then computed by
the microprocessor 23 from the differences, if such exist, between the digital words
read from the digital output 35 of the analogue-to-digital converter 33 and the
corresponding ideal values. The calibration values may be stored as individual
calibration values, or the microprocessor 23 may be programmed to prepare a
calibration function from the calibration values. The calibration function may be in
the form of a suitable calibration equation or a suitable calibration formula. The

calibration function may be a linear function or a non-linear function, depending on
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the calibration values. A non-volatile memory 37 is provided for storing the
computed calibration values and/or the calibration function, and the microprocessor
23 writes the calibration values and/or the calibration function to the non-volatile
memory 37. Digital words for producing the predefined voltage values which are
applied to the second tap 12 by the DAC 20 when the microprocessor 23 is
operating in the calibration mode may be stored in the microprocessor 23, or may be
written to the microprocessor 23 from an external source. Additionally, digital words
which are indicative of the ideal values with which the digital words which are read
from the digital output 35 of the analogue-to-digital converter 33 are to be compared
may also be stored in the microprocessor 23, or may be written to the

microprocessor 23 from an external source.

The microprocessor 23 is programmed so that on an appropriate calibration
instruction being inputted to the microprocessor 23, the microprocessor operates in |

the calibration mode for calibrating the voltage regulator 30.

in the normal operating mode, the microprocessor 23 is programmed to
appropriately apply the calibration values or the calibration function stored in the
non-volatile memory 37 to each digital word written to the DAC 20 in order to
produce the regulated voltage across the first and second output terminals 5 and 6
of the desired selected voltage value corrected for any errors in the voltage regulator
30.

In use, in the calibration mode, the microprocessor 23 sequentially writes the series
of the predefined digital words to the DAC 20, which in turn applies the
corresponding predefined vbltages between ground voltage and the value of the
voltage reference to the second tap 12. The microprocessor 23 reads the
corresponding digital words from the digital output 35 of the analogue-to-digital
converter 33. The read values of the digital words from the digital output 35 of the-
analogue-to-digital converter 33 are then compared by the microprocessor 23 with
the respective corresponding ideal values, and the calibration values are computed
from the difference, if any, in the corresponding values of the read digital words from

the analogue—to-digital converter 33 and the corresponding ideal values. A
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calibration function may then be prepared from the calibration values. The
calibration values and/or the calibration function are then stored in the non-volatile
memory 37. The microprocessor 23 is then ready to operate in the normal operating
mode to operate the voltage regulator 30 to produce the regulated output voltage
across the first and second output terminals 5 and 6 of the desired selected value as

already described with reference to the voltage regulator 1 of Fig. 1.

Otherwise, the voltage regulator 30 and its operation is similar to the voltage

regulator 1.

Referring now to Fig. 3, there is illustrated a voltage regulator according to another
embodiment of the invention, indicated generally by the reference numeral 40, for
producing a regulated DC voltage supply from an inpdt voltage supply, which in this
case is an unregulated DC voltage supply. The voltage regulator 40 in this
embodiment of the invention is a linear mode voltage regulator, and the components
of the linear mode voltage regulator 40 which are similar to those of the switched
mode voltage regulator 1 described with reference to Fig. 1 are identified by the
same reference numerals. However, in this embodiment of the invention, being a
linear mode voltage regulator, the voltage regulator 40 comprises a control circuit 41
within which a pass element 42 is located, and through which the load current
passes from the positive first input terminal 3 to the positive first output terminal 5 to
the load 9. The control circuit 41 may be of any suitable type which is required by a
linear mode voltage regulator, and will be well known to those skilled in the art, and
further description should not be required. The pass element 42 may be any

suitable pass element. One type of pass element is a field effect transistor.

An impedance-divider circuit, which in this embodiment of the invention is proVided
by a resistor-divider circuit 10 similar to the resistor-divider circuit 10 of the voltage
regulator 1 controls the voltagé produced across the first and second output
terminals 5 and 6 at the selectéd regulated voltage value. As with the voltage
regulator 1, t'hé first tap 11 of the resistor-divider circuit 10 of the voltage regulator 40
is connected to the first output terminal 5, and the'second tap 12 of the resistor-
divider circuit 10 is connected to the output 21 of the high resolution DAC 20. The
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intermediate tap 15 of the resistor-divider circuit 10 is connected to the inverting 1
input of the error amplifier 17, and the voltage reference is applied to the non-
invertibng input of the error amplifiér 17. The error amplifier 17 forms a feedback loop
with the pass element 42, so that the error amplifier 17 operates to force the voltage
on the first output terminal 5 to the regulated voltage value, in order to maintain the
voltage on the intermediate tap 15 of the resistor-divider circuit 10 substantially at

the voltage value of the voltage reference.

In the same manner that the DAC 20 under the control of the microprocessor 23
applies voltage values to the second tap 12 of the resistor-divider circuit 10 of the
voltage regulator 1 to vary the voltage value of the regulated output voltage
produced across the first and second output terminals 5 énd 6 of the voltage -
regulator 1, the DAC 20 of the linear mode voltage regulator 40 applies voltage
values to the second tép 12 of the resistor-divider circuit 10 between the voltage
value of the voltage on the second output terminal 6, namely, groUnd voltage and the
value of the voltage reference Vref, in order to vary the regulated output voltage |
produced across the first and second output terminals 5 and 6 between the
maximum value of the regulated voltage value and the minimum value, which in this
case is also equal to thé value of the voltage reference produced by the voltage

reference circuit 19.

Otherwise, the linear mode voltage regulator 40 and its operation is similar to that of
the voltage regulator 1, with the exception that the control circuit 41 of the voltage
regulator 40 is of a type required by a linear mode voltage regulator, while the

" control circuit 8 of the voltage regulator 1 is of a type required by a switched mode

voltage regulator. : ,

Referring now to Fig. 4, there is illustrated a voltage regulator according to another
embodiment of the invention, indicated generally by the reference numeral 50, for
producing a regulated DC voltage supply from an unregulated DC voltage supply. -
The voltage regulator 50 in this embodiment of the invention is a switched mode
voltage regulator, and is substantially similar to the voltage regulator 1, and similar

components are identified by the same reference numerals. In this embodiment of
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the invention the means for selectively varying the voltage on the second tap 12 of
the resistor-divider circuit 10 relative to the voltage on the second output terminal 6
for in turn varying the value of the regulated output voltage produced across the first
and second output terminals 5 and 6 comprises a digital potentiometer 51. The
digital potentiometer 51 is connected between the second tap 12 of the resistor-
divider circuit 10 and the second output terminal 6. The resistance of the digital
potentiometer 51 is selectively varied by the micropioéessor 23 for in turn varying
the voltage on the second tap 12 relative to the second output terminal 6.

The microprocessor 23 is programmed to vary the resistance of the digital
potentiometer 51 for incrementally increasing the resistance produced between the
second tap 12 and the output terminal 6 from zero ohms upwardly. When the
resistance produced by the digital potentiometer 51 between the second tap 12 and
the second output terminal 6 is zero ohms, the voltage on the second tap is ground
voltage. As the resistance produced by the digital potentiometer 51 between the -
second tap 12 and the output terminal 6 is‘increased incrementally from zero ohms
upwardly, the voltage on the second tap 12 relative to the second output terminal 6
is progressively incremented, thereby progressively decrementing the value of the

regulated voltage produced across the first and second output terminals 5 and 6.

Otherwise, operation of the voltage ‘regulator 50 is similar to that of the voltage

regulator 1.

While the voltage regulators 1, 30, 40 and 50 have been described as comprising
only the minimum amount of components which are relevant to the invention, it will
be readily apparent to those skilled in the art that the voltage regulators 1, 30 and 40
will contain many other components of a type which would commonly be required for
a switched mode voltage regulator in the case of the switched mode voltage
regulators 1, 30 and 50, and of a type which would be required for a linear mode
voltage regulator in the case of the voltage regulator 40.

While first and second resistors of specific resistance values have been described, it
will be readily apparent to those skilled in the art that the first and second resistors
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may be of any other suitable resistance values. Furthermore, it will be appreciated
that while the voltage reference produced by the voltage reference circuit has been
described as being 0.6 volts, voltage references of other values may be used.
Indeed, the choice of resistance values of the first and second resistors and the
choice of the value of the voltage reference are interdependent, and are also
dependent on the range of the regulated output voltage to be produced across the
output terminals, within which the regulated output voltage is to be selectable.
Needless to say, the voltage values to be produced by the DAC 20 for applying to
the second tap of the resistor-divider circuit 10 will also be dependent on the
resistance values of the first and second resistors, the value of the voltage
reference, and the range of regulated output voltage to be produced across the
output terminals, within which the regulated output voltage is to be selectable.

It will also bé appreciated that the resistance values within which the digital j
potentiometer must be operable will be dependent on the range of values within
which the regulated voltage is to be produced across the first and second output
terminals. The resistance values within which the digital potentiometer must be
operable will also be dependent on the values of the first and second resistors R1

and R2, and on the voltage reference.

It is also envisaged that the linear mode voltage regulator 40 may include a
calibration circuit similar to the calibration circuit 31 of the switched mode voltage

regulator 30.

It is also envisaged that the voltage on the second tap of the resistor-divider circuit of
the linear mode vbltage regulator may be varied by a digital potentiometer connected
between the second tap 12 and the second output terminal 6 as described with

reference to the switched mode voltage regulator 50 of Fig. 4.

While the resistor-divider circuits have been described as being connected directly to
one of the output terminals, and to the output of the DAC 20 or the digital
potentiometer as the case may be, it will be appreciated that the connections of the
resistor-divider circuits 10 to the one of the output terminals and to the output of the
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DAC 20 or the digital potentiometer may nof be direct connections, but rather, the
resistor-divider circuits 10 may be connected to the one of the output terminals and
to the output of the DAC 20 or the digital potentiometer through any suitable current
path. Needless to say, any other components in the voltage regulator circuits which
have been described as being directly connected together, may be connected where

appropriate through any other suitable current paths.

Additionally, while the switched mode voltage regulators 1, 30 and 50 have been
described as being voltage regulators operating with a control circuit substantially
similar to that disclosed in U.S. Patent Specification No. 5,481,178, it will of course
be appreciated that the control circuit of the switched mode voltage regulator may
not be similar to the control circuit of the switched mode voltage'regulator of U.S.
Patent Specification No. 5,481,178 but may be of any other suitable type.

While the impedance-divider circuits of the voltage regulators have been described
as being resistor-divider circuits, it is envisaged that other impedance-divider circuits
besides resistor-divider circuits may be provided. Needless to say, while the
resistor-divider circuits have been described as comprising only two resistors, the
resistor-divider circuits may include any desired number of resistors. In cases where
more than two resistors are provided, the intermediate tap would be provided by a
tap defined between two adjacent series connected resistors. Where the resistor-
divider circuits are provided with more than two resistors, all the resistors may be
connected in series, or alternatively, some of the resistors may be connected in
series, and others of the resistors would be connected in parallel with the series

connected resistors.

While the means for varying the voltage applied to the second tap of the resistor-
divider circuits of the voltage regulators has been described as comprising a variable
voltage producing means in the form of a digital-to-analogue converter and in the
form of a digital potentiometer which are operated under the control of a '
microprocessor, any other suitable means for producing a selectable variable
voltage, which is relative to or referenced to the voltage on the second output

terminal, for applying to the second tap of the resistor-divider circuit may be
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provided, and in certain cases, it is envisaged that the means for providing the
variable voltage on the second tap of the resistor-divider circuits may be provided by

a buffered potentiometer.

While the variable voltage producihg means for varying the voltage on the second
tap of the resistor-divider circuit has been described as being provided by a high
resolution digital-to-analogue converter, any suitable digital-to-analogue converter
may be used. However, the resolution with which the regulated output voltage is
provided across the output terminals is dependent on the resolution of the digital-to-
analogue converter, and thus, it is preférable that the digital-to-analogue converter
be a relatively high resolution digital-to-analogue converter, for bexample, a 12-bit
digital-to-analogue converter, although reasonable results would be achieved using

an 8-bit digital-to-analogue converter.

It is also envisaged that the resistors of the resistor-divider circuit may be replaced
by digital potentiometers, and in particular, it is envisaged that the second resistor

may be replaced by a digital potentiometer.

While the DAC 20 has been described as applying voltages to the second tap of the

resistor-divider circuits of the voltage regulators within a range between a first
voltage value equal to ground voltage and a second voltage value equal to the value
of the voltage reference, it will be appreciated that the voltage range between the
first and second voltage values may be any suitable range of voltage values within
the range of ground voltage to the value of the voltage reference. For example, the
first voltage value may lie in a voltage range between the value of the voltage on the
second output'terminal and the voltage at which the intermediate tap of the resistor-
divider circuit is held, and the second voltage value may lie in a voltage range

between the value of the voltage on the second output terminal and the voltage at

-which the intermediate tap of the resistor-divider circuit is held. However, the first

voltage value would be of a value less than the second voltage value.

It will also of course be appreciated that the common voltage at which the second

input terminal and the second output terminal are held may be a voltage other than
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ground voltage, and in which case, the lowest voltage of the range of voltages which
would be applied to the second tap of the resistor-divider circuits of the voltage
regulators by the DAC 20 would be the value of the common voltage.

It is envisaged that the regulated output voltage produced across the first and
second output terminals may float relative to the input voltage applied to the first and
second input terminals. In which case, the voltage on the second output terminal
would be different to the voltage on the second input terminal. In such cases, the
lowest voltage value which would be applied by the DAC 20 or the digital
potentiometer to the second tap of the resistor-divider circuit would be the voltage on

the second output terminal.

It will of course be appreciated that all voltage values which are applied to the
second tap of the resistor-divider circuits of the voltage regulators will be referenced

to the voltage on the second output terminal.

While the voltage regulators have been described with the first input and the first
output terminals being positive terminals, it will be appreciated that the first input
terminal and the first output terminal may be negative terminals, and in which case,
the first input terminal and the first output terminal will be at voltage values less than
the common voltage value at which the second input and the second output
terminals are held. In which casé, the rest of the circuitry of the voltage regulators

will be appropriately configured as will be well understood by those skilled in the art.

While the voltage regulators have been described for producing selectively variable

- regulated voltage values within specific vbltage ranges, it will be appreciated that the
“voltage regulators according to the invention may be configured to produce

selectively variable regulated voltage values within any desired range within which
such switched mode voltage regulators and linear mode voltage regulators would be
capable of producing. It will also of course be appreciated that the voltage
regulators according to the invention may be configured to produce the selectively
variable regulated voltages from any input voltage supply, be it an unregulated DC
voltage supply or a regulated DC voltage supply. Indeed, it will be readily apparent
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to those skilled in the art that the voltage regulators may be configured to produce
the selectively variable regulated DC output voltagé from an AC voltage supply, and
where the input voltage subply is an AC voltage supply, the AC voltage supply would
be appropriately rectified to a DC voltage supply. Needless to say, the voltage value
and the range of voltage values within which the input voltage supply may vary
would be consistent with voltage supplies with which conventional switched mode
and linear mode voltage regulators are capable of operating.

It is also envisaged that the second resistor of the voltage regulators according to
the invention may be provided in a manner in which it may be replaced with one or
more resistors of respective different resistance values. This would permit the
voltage range over which the regulated output voltage would be produced to be
significantly increased, while at the same time retaining the advantage of the
invention whereby the regulated output voltage can be varied in relatively small
incremental and decremental steps. The values of the replaceable second resistors
would be such that by replacing one second resistor with another, the maximum
value of the regulated output voltage produced by the voltage regulator with one
resistor would be not less than the minimum value of the regulated output voltage
which would be produced by the voltage regulator with the resistor of next value, and

SO on.
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Claims

1. A voltage regulator for producing a selectively variable regulated DC voltage
supply from an input voltage supply, the voltage regulator comprising first and
second output terminals across which the regulated voltage is produced, an
impedance-divider circuit comprising a pair of series connected impedance elements
between a first tap and a second‘tap, the series connected impedance elements
defining an intermediate tap therebetween, the first tap of the impedance-divider
circuit being connected to the first output terminal through a current path, a control
circuit co-operable with the impedance-divider circuit and being adapted to force the
voltage on the first output terminal to the regulated voltage value in order to maintain
the voltage on the intermediate tap of the impedance-divider circuit at a predefined
fixed value, and a means for selectively varying the voltage on the second tap of the
impedance-divider circuit relative to the voltage on the second output terminal for
varying the value of the regulated voltage produced across the first and second

output terminals.

2. A voltage regulator as claimed in Claim 1 in which the means for varying the
voltage on the second tap of the impedance-divider circuit is adapted to vary the
voltage on the second tap between a first voltage-value and a second voltage value,
the first and second voltage values lying in respective ranges of voltage values
between the voltage on the second output terminal and the voltage on the

intermediate tap of the impedance-divider circuit.

3. A voltage regulator as claimed in Claim 2 in which the first voltage value is

substantially equal to the voltage on the secohd output terminal.

4. A voltage regulator as claimed in Claim 2 or 3 in which the second voltage
value is substantially equal to the voltage on the intermediate tap of the impedance-

divider circuit.

5. A voltage regulator as claimed in any preceding claim in which the means for
varying the voltage on the second tap of the impedance-divider circuit comprises a

variable voltage producing means.
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6. A voltage regulator as claimed in Claim 5 in which the variable voltage
producing means comprises a high resolution variable voltage producing means.

7. A voltage regulator as claimed in Claim 5 or 6 in which the variable voltage

producing means comprises a digital-to-analogue converter..

8. A voltage regulator as claimed in Claim 7 in which the digital-to-analogue
converter is configured to have a resolution of at least 8 bits. '

9. A voltage regulator as claimed in Claim 7 or 8 in which the digital-to-analogue
converter is configured to have a resolution in the order of 12 bits. -

10. A voltage regulator as claimed in any of Claims.7 to 9 in which the analogue
output voltage produced by the digital-to-analogue converter is applied to the second

tap of the impedance-divider circuit.

11. A voltage regulator as claimed in any of Claims 7 to 10 in which an analogue

output of the digital-to-analogue converter is connected to the second tap through a

. current path.

12. - A voltage regulator as claimed in Claim 5 or 6 in which the variable voltage

producing means comprises a digital potentiometer.

13. | A voltage regulator as claimed in any of Claims 5 to 12 in which a
programmable element is provided for controlling the variable voltage producing
means to provide selectable voltage values for applying to the second tap of the
impedance-divider circuit. '

14. A voltage regulator as claimed in Claim 13 in which the programmable

element comprises a microprocessor, and the microprocessor is programmed to

receive inputs indicative of respective selectable regulated voltage values.
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15. A voltage regulator as claimed in Claim 14 in which the microprocessor is
responsive to an input indicative of a selectable regulated voltage value inputted
thereto to operate the variable voltage producing means to apply a voltage to the
second tap of the impedance-divider circuit of a value to produce the selected

regulated voltage across the first and second output terminals.

16. A voltage regulator as claimed in Claim 14 or 15 in which a calibration circuit

is provided for calibrating the voltage regulator.

17.  Avoltage regulator as claimed in Claim 16 in which the calibration circuit
comprises a means for reading a voltage indicative of the regulated voltage
produced across the first and second output terminals, and a means for comparing
the read voltage indicative of the regulated voltage produced across the first and

second output terminals with an ideal voltage value.

18. A voltage regulator as claimed in Claim 17 in which a means is prdvided for
deriving a calibration value from the comparison of the read voltage indicative of
regulated voltage produced across the first and second output terminals and the

ideal voltage value.

19. A voltage regulator as claimed in-Claim 17 or 18 in which the microprocessor

is programmed to read the voltage indicative of the regulated voltage produced

. across the first and second output terminals and to compare the read voltage

indicative of the regulated voltage produ-c‘ed across the first and second output

terminals with the ideal voltage.

20. A voltage regulator as claimed in Claim 19 in which the microprocessor is

programmed to compute the calibration value.

2_1. A voltage regulator as claimed in Claim 19 or 20 in which the microprocessor
is programmed to operate the variable voltage producing means to apply a
predefined voltage to the second tap of the impedance-divider circuit to produce a
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regulated Voltage across the first and second output terminals, and to read the
voltage indicative of regulated voltage produced across the first and second output
terminals in response to the predefined voltage applied to the second tap for
comparison with the ideal volfage value.

22. A voltage regulator as claimed in any of Claims 19 to 21 in which the
microprocessor is programmed to operate the variable voltage producing means to
apply at least two predefined voltages of different voltage values to the second tap of
the impedance-divider circuit and to read voltage values indicative of the respective
regulated voltages produced across the first and second output terminals in
response to the two predefined voltage values applied to the second tap, and to
compute respective calibration values from a comparison of the two read voltage
values indicative of the regulated voltage produced across the first and second
output terminals with corresponding respective ideal values.

23. A voltage regulator as claimed in any of Claims 19 to 22 in which each

calibration value is stored in a non-volatile memory readable by the microprocessor.

24. A voltage regL_llato'r as claimed in any of Claims 19 to 23 in which each ideal

value of the regulated voltage is stored in the microprocessor.

25. A voltage regulator as claimed in any of Claims 19 to 24 in which the
microprocessor is programmed to operate the variable voltage producing means to
apply the voltages to the second tap of the impedance-divider circuit corrected with
the calibration value to produce the respective regulated voltages across the first
and second output terminals of the selected voltage values.

- 26. A voltage regulator as claimed in any preceding claim in which one of a

inverting input and a non-inverting input of an error amplifier is connected through a
current path to the intermediate tap of the inipedance-divider circuit, and the other of
the inverting and the non-inverting inputs of the error amplifier is connected through
a current path to a voltage reference, the error amplifier forming with the control
circuit a feedback loop to force the voltage on the first output terminal to the
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regulated voltage value in order to maintain the voltage on the intermediate tap of

the impedance-divider circuit at the predefined fixed voltage.

27; A voltage regulator as claimed in Claim 26 in which the predefined fixed

voltage is of value substantially equal to the value of the voltage reference.

28. A voltage regulator as claimed in any preceding claim in which a pair of input
terminals are provided for receiving the input voltage supply.

29. A voltage regulator as claimed in Claim 28 in which the second output
terminal and one of the input terminals are held at a common voltage.

30. A voltage regulator as claimed in Claim 29 in which the common voltage is

ground voltage.

31. A voltage regulator as claimed in any preceding claim in which each
impedance element of the impedance-divider circuit comprises an impedance

element of substantially fixed impedance value.

32. A voltage regulator as claimed in any preceding claim in which the
impedance-divider circuit comprises a resistor-divider circuit.

33.-  Avoltage regulator as claimed in Claim 32 in which the resistance value of
the resistor-divider circuit between the second tap and the intermediate tap is in the
range of 8.25 Kohms to 60.4 Kohms when the resistance value of the resistor-divider
circuit between the first tap and the intermediate tap is in the order of 60.4 Kohms.

34. A voltagge regulator as claimed in Claim 32 or 33 in which the resistor-divider
circuit comprises a first resistor connected between the first tap and the intermediate
tap, and a second resistor connected between the second tap and the intermediate
tap.
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35. A voltage regulator as claimed in any preceding claim in which the voltage
regulator is adapted for producing selectable regulated DC voltages across the first
and second output terminals of values in the range of zero volts to the maximum

regulated voltage value of which the voltage regulétor is conﬁgured to produce.

36. A voltage regulator as claimed in any preceding claim in which the voltage
regulator is adapted for producing selectable regulated DC voltages across the first

and second output terminals of values up to 60 volts.

37. © A voltage regulator as claimed in any preceding claim in which the voltage
regulator is adapted for producing selectable regulated DC voltages across the first

and second output terminals of values up to 12 volts.

38. A voltage regulator as claimed in any preceding claim in which the voltage
regulator is adapted for receiving an unregulated DC voltage supply. . )

39. A voltage regulator as claimed in any preceding claim in which the voltage

regulator is configured as a switched mode voltage regulator.

40. A voltage regulator as claimed in any preceding claim in which the voltage ‘

regulator is configured as a linear mode voltage regulator.

41. A voltage regulator as claimed in any preceding claim in which the voltage
regulator is adapted to be produced as an integrated circuit.

42.  Avoltage regulator as claimed in any preceding claim in which the voltage

regulator is adapted to be produced as a module.

43.  Avoltage regulator as claimed in any of Claims 1 to 40 in which the voltage
regulator is adapted to be produced from discrete parts.

44. A method for operating a voltage regulator for producing a selectively
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variable regulated DC voltage supply from an input voltage supply, the voltage
regulator being of the type comprising first and second output terminals across which
the regulated voltage is produced, an impedance-divider circuit comprising a pair of
series connected impedance elements between a first tap and a second tap, the first
and second impedance elements defining an intermediate tap therebetween, the first
tap of the impedance-divider circuit being connected to the first output terminal
through a current path, ahd a control circuit co-operable with the impedance-divider
circuit and being adapted to force the voltage on the first output terminal to the
regulated voltage value in order to maintain the voltage on the intermediate tap of
the impedance-divider circuit at a predefined fixed value, the method comprising
selectively varying the voltage on the second tap of the impedance-divider circuit
relative to the voltage on the second output terminal for varying the value of the
regulated voltage produced across the first and second output terminals.

45, A method as claimed in Claim 44 in which the voltage on the second output
tap is varied between a first voltage value and a second voltage value, the first and
second voltage values lying in respective ranges of Voltage values between the
voltage on the second output terminal and the voltage on the intermediate tap of the

impedance-divider circuit.

46. | A method as claimed in Claim 45 in.which the first voltage value is

substantially equal to the voltage on the second output terminal.

47. A method as claimed in Claim 45 or 46 in which the second voltage value is
substantially equal to the voltage on the intermediate tap of the impedance-divider

circuit.

48. A method as claimed in any of Claims 44 to 47 in which the voltage on the
second tap of the impedance-divider circuit is varied by applying a voltage thereto

from a variable voltage producing means.

49. A method as claimed in Claim 48 in which the variable voltage producing

means comprises a high resolution variable voltage producing means.
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50. A method as claimed in Claim 48 or 49 in which the variable voltage

producihg means comprises a digital-to-analogue converter.

51. A method as claimed in Claim 48 or 49 in which the variable voltage

producing means comprises a digital potentiometer.

52. A method as claimed in any of Claims 48 to 51 in which the variable voltage

producing means is controlled by a programmable element for producing the

variable voltage.

53. A method as claimed in Claim 52 in which the programmable element

comprises a microprocessor.

54. A method as claimed in any of Claims 44 to 53 further comprisingbcalibrating

the voltage regulator.

55. A method as claimed in Claim 54 in which the voltage regulator is calibrated
by comparing a voltage indicative of the regulated voltage produced across the first
and second output terminals with an ideal voltage value and deriving a calibration

value from the comparison.

56. A method as claimed in Claim 55 in which a predefined voltage is applied to
the second tap of the impedance-divider circuit, and a voltage indicative of a
regulated voltage produced across the first and second output terminals in response
to the predefined voltage is compared with an ideal voltage for producing the

calibration value.

57. A method as claimed in any of Claims 54 to 56 in which each voltage applied
to the second tap of the impedance-divider circuit to produce a selected regulated
voltage across the first and second output terminals is corrected with the calibration

value.
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58. A method as claimed in any of Claims 54 to 57 in which respective voltages
of different predefined Voltage values are applied to the second tap of the
impedance-divider circuit, and voltages indicative of the corresponding regulated
voltages produced across the first and second output terminals are compared with
corresponding ideal voltage values for producing respective calibration values.

59. A method as claimed in any of Claims 54 to 58 in which each calibration

value is stored in a non-volatile memory.

60. A method as claimed in any of Claims 54 to 59 in which the ideal voltage

values are stored in the microprocessor.

61. A method as claimed in any of Claims 44 to 60 in which the method is
adapted for operating a switched mode voltage regulator for producing the

selectively variable DC voltage supply.

62. A method as claimed in any of Claims 44 to 61 in which the method is
adapted for operating a linear mode voltage regulator for producing the selectively

variable DC voltage supply.
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