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Switch mode electrical power controller

The present invention relates to a switch mode
éYecfrical power éontrolle;.

Switch mode electrical power controllers are used
in electrical power supplies. An electrical power supply
for -an electrical.system incluéing active semiconductor
or vécuum devices is usually required to provide a sub-
stantially constant output voltage from a rectified alterna-
ting voltage while an electrical power supply for an electfi-
cal motor may be required to provide a variable output vol-
tage for the control of the motor speed. Thus the controller
for an electrical power'sﬁpply may be regquired to provide for
either the generation of a stabilised output voltage or a
variable output voltage from an unstabilised input voltage.

An electrical power supply employing a switéh mode
controller operates by chopping the input voltage, passiﬁg
to its output port either the full input voltage or zero
valtage. The periods with a non-zero cutput voltage alter-
nate with those of zero output voltage and the ratio of the
two periods is varied as required to make the loné term |
average voltage equal to the desired output voltage,

One of the advantages of a switch mode electrical
power supply over other forms of electrical power supply.
is that the operating frequency may, within limits, be
selected, and the fact that the energy storage components

become smaller as the operating frequency is increased
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permits some control over t£e size of the power supply.

An object of the present invention is the provi-
sion of a switch mode electrical power controller
capable of operation at higher frequenciés than existing
switch mode electrical power controllers.

In accordance with the present invention a switch
mode electrical power controller includes a gengrato}
arranged to provide an output signal having a repeti-
tively occurring ramp waveform, a control input port
for receiving a control signal which, in operation, is
representative of the required output voltage from a
power supﬁly to which the controller belongs, and a sig-
nal processing network arranged to pr&vide, from the ramp
waveform and the control szgnal a repetitive output sig-
nal hav1ng a first level for a first period and a second
level for.a second period which adjoins the first period,
the sigral processing network being arranged to perform,,
in parallel, the operations required for the generation
of the output signal in which the ratio of the first
period to the second period varies with the level of the

control signal.

’

The performance, in parallel, of the operations’ required
for the generation of the output signal minimises the delay

'along a critical signal path and facilitates high frequency

operation.

In a preferred form of the present invention, the signal

processing network includes a comparator having first and

second ‘input ports, the first input port of the comparator being

connected to receive the output
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signal from the generator and the second input port of

-3 -

the comparator being connected to the control input port
neand

of the controllegAconnected within the comparator to
cause regenerative switching of the comparator to provide
the output signal changes between the first and the
second.levels, and means connected within the comparator
to reset the comparator to provide an output signal at
the first level at the beginning of each ramp waveform.

In 2 first embodiment of the present invention, the
signal processing network includes a comparator having

'
first and second input ports, the first input port cf
the comparator being connected to receive the output
signal from the generator and the second input port of
the comparator being connecéed to the control input port
of the controller, a feedback network in the comparator
arranged to cause regenerative switching of the compara-
tor between first and second states which provide res-
pective first and second output levels, and a feedfor-
waré network connected between the input and output
regions of the comparator arranged to set the comparator
4

to its first state at the beginning of each ramp waveform.

In the first embodiment of the present invention,
the feedback network may be arranged to include output
regions of the comparator.

In an alternative to the first embodiment of the
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includes a comparator having first and second input

i

present invention, the signal processing network

ports, the first input port of the comparator being
connected to receive the output signal from the genera-
tor and the second input port of the comparator being
connected to the control input port of the controller,

an output stage connected directly to the comparator
output port, a feedback network connected to the com-
parator and the output stage arranged to cause the out-
put stage to switch regeneratively between the first and
second output levels, and a feedforward network connected

between the input and the output regions of the compara-

Hh

tor arranged to set the comparator to its first state at
the beginning of each ramp waveform.
In the alternative embodiment, the feedback network

may be arranged to include input regions of the output

In an embodiment of the present invention, the sig-

irst and

(oY

al processing network may include similar

“t

second channels, arranged to provide, alternately on

.
v

respective output ports, repetitive output signals having
a first level for a first period and a second level for
a second pericd which adjoins the first period.

In an embodiment of thé present invention, the sig-.

nal processing network may include commutation and blank-
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remainder of the signal processing nétwork.

In an embodiment of the present invention, the sig-

"nal processing network may include first and second

channels combined to provide, serially on a single out;
put port, rebetitive output signals having a first level
for a first period and a second level for a second period
which adjoins the first period.

In an embodiment c¢f the present invention, the sig-
nal processing network may include a commutation network
arranged to operate in parallel with the éemainder of
the signal processing network.

In an embodiment éf-the present inventien, the genera-
tor may be a non-saturating emitter coupled multivibrator
providing first and seccné output waveforms comprising
alternaie ramp and constant porticns, the first and
secoé@ waveforms being similar but with a half-periqd'
time displacement between them.

In an embodiment of the present invention, the sig-
nal processing network may include current and voltage
limit proﬁection networks arranged to operate iﬁ parallel
with the remainder of the signal processing network.

In an embodiment cf the present invention, the sig-
nal processing network may be arranged as differentially-

connected transistor networkswith common-mode and differen-
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tial-mode input ports and with corresponding output ports of

-— -~

the networks connected in parallel.

A switch mode electrical power controller in accordance
with the present invention will now be described by way of
example only and with reference to the accompanying drawings,
in which:-

Fig. 1 is a block diagram representation of a first form
of switch mode electrical power contreller, in accgrdance with.
the present invention, including a ramp waveform generator, a
signal processing network with two channels, and an output
stage connected to each channel of the signal processing net-
wWOork,

Fig. 2 is a diagrammatic representation of the waveforms
provided by the ramp waQeform generator, the signal processing
network, and the output stages of the controller of Fig. 1,

Fig.'3 is a circuit diagram representation of the ramp
waveform generator of Fig. 1,

Fig. 4 is a diagrammatic representation of the ramp ‘wave-
forms provided by the ramp waveform generator of Fig. 3,

Fig. 5 is a block diagram representatioﬁ of a second form
of switch mode electrical power controller, in accerdance with
the present invention, in which the signal processing network
and the output stages are arranged differently from the signal
processing network and output stéges of Fig. 1,

Fig. 6 is a circuit diagram representation of part of the

signal processing network of Fig. 5 capable of carrying out the
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functions of pulse-width modulation and output signal
switching, latching, and resetting,

Fig. 7 is a circuit diagram representation of another
part of the signal processing network of Fig.5 capable of
carrying out the circuit functions of commutation and
blanking,

Fig. 8 is a circuit diagram representation of an arrange-
ment of the signal processing network for providing a single-
ended output from the controller, and,

Fig. 9 is a circuit diagram representation of a signal
level setting network included in both the first and second
forms of the power contreller.

Referring to Fig. 1; the first form of the switch mode
electrical power controller includes a ramp generating oscilla-
tor 1, twé pulse-width modulators 2 and 3, a control network
4, signai level setting networks 5 and 6, two latchiﬁg net-
works 7 and 8, and two output stages 9 and 10, and an external
capacitor. The capacitor 11 is required for the oscillaﬁor 1.

Referring to Fig. 1, the oscillator 1 has output ports
connected to input ports of the pulse-width modula;prs 2 and
3, and a further output port connected to the contfol network
4. The control network 4 has output ports connected to the
pulse-width modulators 2 and 3. The pulse~width modulator 2
has an cutput port connected directly to the output stage 9
and the latching network 7 is connected internally to the
output stage 9 and to the output port of the pulse-width

modulator 2. The pulse-width modulator 3, the output stage
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10, and the latching network 8 are connected together in
the same manner as the pulse-width modulator 2, the out-
put stage 9, and the latching network 7, are connected
together., The signal level setting network 5 is connected
between a control input port 12 and an input port of the
pulse-width modulator 2 and is connected also to an input
port of the pulse-width modulator 3. The signal level
setting network 6 is connected between a control ihput port
13 and the pulse-width modulators 2 and 3 in a manner similar
to the connection of the level setting network 5 to the pulse
width modulators 2 and 3.

The operation of the switch mode power controller of
Fig. 1 may be understcod by referring éo Fig. 2 in which
the waveforms labelled CAP A and CAP B represent the sig-
nals pro;ided by the oscillator 1 at the input ports to
the puise-width modulators 2 and 3, the waveforms labelled
CONTROL A and CONTROL B represent the signals provided by
the control network 4 to the pulse-width modulators 2 énd
3, the waveforms labelled PWMA and PWMB represent the out-
put signals from the pulse-width modulators 2 and 3, and
the waveforms labelled QUTPUT A and output B repgesent the
signals from the output stages 9 and 10,

Referring to Fig. 2, the waveform CAP A includes
alternate falling ramp portiéns and constant level portions
and the waveform CAP B has the same form as the waveform

CAP A but is shifted from it in time by a half-period of

either waveform. The waveform PWM A is shown as having
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half-periods corresponding to the ramp portions of the

waveform CAP A but is initially at a low level and changes

- abruptly to a high level during the existence of the ramp

portion of the waveform CAP A. The change in the level
of the.waveform PWMA will occur at the time when the in-
put signal on one of the control input ports 12 and 13

is such that the signal at a second of the input ports

of the pulsewidth modulator 2 is equal to the ramp levgl,
the waveform PWM A being low while the ramp level is the
greater and the waveform being high while'the ramp level
is the lower, of the two signals. It will be appreciated

that the ratio of the period for which the waveform PWM A

f

is low tec that when it is

",

vich will alier as the input sig-

£y

nal on the port 12 or 13 varies. The level setting net-
works 5 and 6 are required to adjust the range of the sig-
nal appearing at the input ports of the pulse-width modula-
tors 2 and 3 to match the amplitude cf tche ramp. The ‘wave-
form PWM B is generatedé in & similar menner tc that of
PWMA. It will be noted that PWMA and PWMB are éot shown

for the period during which the waveforms CAP Arand CAP

B are constant £or the reason that PWMR and PWMB are

meaningful only during periods when CaPA and CAPB are
ramp wavefcrms. The waveforms CONTRCL A& and CONTROL B

are used tc set the pulse-width modulators 2 and 3 to their

fect

M

respective high output level states, .uat is, to e

blanking during those periods

-
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when CAPA and CAP B are not ramp waveforms to provide

- 10 -

the output waveforms OUTPUT A and OUTPUT B.

The output waveforms OUTPUT A and OUTPUT B may be
combined to provide a single-ended output device or the
waveforms OUTPUT A and OUTPUT B may be kept séparate to
provide a double-ended output device.

Fig. 3 is a circuit diagram representation of the
oscillator of Fig. 1, and, referring to Fig. 3, the
oscillateor includes ports 14 and1$ between which,are cdnnec-
ted the frequency-determining capacitor (the capacitor 11

of Fig. 1). The oscillator is an integrated circuit form

of a symmetrical non-saturating emitter coupled multi-

=

vibrazor in which the frequency-determining capacitor 11

is connected between the emitters of two transistors

supplied by current sources and in which there are feed-
back connecticnas between the transistors to cause oscilla-
tion, the twoe current source currents Zlowing first one
way through the capacitor and then the cther way through
the capacitor tc generate the ramp waveiorms as the

z

transistors switch alternately on and cff (see Electronic
Ll

Designer's Handbook by T. K. Hemingway cages 181 to 194).

In Fig. 3, the capacitor 11 is connectsé tc the emitters

f the transisters3l and22 for which the transistors 33,

0

34 ané 35 and the resistor3ig provide twc current sources.

The signals developed at the collector electrode of the
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transistor 31 are fed back to the base electrode of the
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ransistor32 by way of the transistor 37and the signals

at the collector electrode of the transistor 32are fed

back to the base electrode of the transistor 31, to pro-
vide cross-coupling between the output and input ports.
The emitter electrode of the transistors 37and 3g provide
further output ports for the oscillator.

Referring to Fig. 4, waveforms cf the cutput signails
available from the portl4 of the oscillator is shown as
the upper waveform, say, of Fig. 4, andé the waveZorm of
the output signal available from the port 15 of the oscilla-
tor is then the lower waveform of Fig. 4. As is evident
from. the two waveforms!'tﬁe'oscillatof provides a signal

in which & negative-going ramp alternaztes with & constant
level about which the ramps are symmetrical. The wave-

forms of Fig. 4 are, of course, the same as the upper

waveforms of Fig. 2. The oscillator includes a freguency-

Yued

3413

rel of the current

ct

0

control input port 16 permitting con

source currents, and thereby the operating frequency, by

«Q

way of a transistor 30. )
. . . 12
Referring to Fig. 5, the second form of the switch
mode slectrical controller includes, as for the first form
represented by Fig. l, a ramp generating oscillater 1, two
pulse-width modulators 2 and 3, signal ievel sétting networks

5 and ‘6, two output stages 9 and 10, and an external capacitor
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11 required for the oscillator 1. The second form of

—_ 12‘.—.

the controller includes, connected to the oscillator 1
and the pulse-width modulators 2 and 3, a commutation
and blanking network 20, two latching networks 22 and 23,
and a latch reset network 21.

Referring to Fig. 5, the oscillator 1 has output
ports connected to input ports of the pulse-width modula-
tors 2 and 3, and a further output port connected to the
commutation and blanking network 20. The commutation and
blanking network 20 has output ports connected to the pulse-
width modulators 2 and 3. The pulse-width modulator 2 has
an output port coﬁnectea directly to the output stage 9
and the latching netwérk 23 1s connected internally to the
pulse-width modulator 2 and also to the output port of the
pulse-width modulator 2. The latch reset network 21 has
input ports connectsd also to the output ports of the
oscillator 1 and an output port cf the latch reset netiwork
21 is connected to an input port of the latching network
23. The pulse-width modulator 3 has an output pért connec-
ted directly to the output stage 10 and the latching net-
work 22 is connected internally to the pulse-width modula-
tor 3 and also to the output port of the pulse-width modu-
lator 3. The latch reset network 21 has a further output

ort connected to an input port of the latching network 22.

g

The signal level setting network 5 is connected between a

control input port 12 and an input port of the pulse width
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modulator 2 and is connected also to an input port of

- 13 -

the pulse width modulator 3. The signal level setting
network 6 is connected between a control input port 13

and the pulse width modulators 2 and 3 in a manner similar
to the connection of the level setting network 5 to the
pulse-width modulators 2 and 3.

The operation of the second form of the switch mode
power controller of Fig. 5 gives rise to the waveforms
which are illustrated by Fig. 2, that is, the operatioﬁ
of the second form of the switch’ mode power Eontroller is
the same as that of the first form of the switch mode
power controller.

Referring to fié. 6, a signal processing network
includes first and second transistors 50 and 51 coupled
toget?er at their emitter electrodes and sharing a current
source 58 connected to the coupled emitters. A third.

transistor 52 is connected in parallel with the transistor
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51 to share its collector load resistor 63 and the

current source S8 The collector electrodes of the
transistors 51 and 52 are connected to the base electrode
of a fourth transistor 53 which has a current source 59
connected as its emitter load and the emitter electrode
of the transistor 53 is connected to the base electrode

of a transistor 55 which has a current source emitter load
62, and a collector load resistor 64. The collector elec-
trode of the transistor5> is connected to the base elec-
trode of a transistor34 which has a current §ource
emitter load 90, the emitter electrode of the transistor
54 being connected to the base electrode of the transistor

A transistor56 is connected in parallel with the

NS

3%

64" and

Lo}

transistor55 sharing the collector load resisto
the emitter current source 2. The transistor 56 is

iassed by means of a base resistor 83 connected between

o

its base electrode and a positive veltage (which is the |

[
[Te]

positive voltage supply for the other transistors) and

a current source 61 connected between its base electrode
and electrical ground. The base electrode of 'the transis-
+or 56 is connected to the base electrode cf the transis-
tor 530 by way of a capacitor gg. A further transistor 57
has its emitter electrode connected tc the current

source 52,and its collector electrode connected to the
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4osadswe positive supply for the other transistors. The
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base electrode of the transistors7 is connected to a

further resistor and a further current source similar to

the connections of the base electrode of the transistor

36to its resistor 65 and current source %1, but the further

resistor and current source associated with the transistor

.57 are not shown.

in the operation of the signal processing arrangement
of Fig. 6, the base electrode of the transistorS50 receives

a ramp waveform signal from the oscillator 1 of Fig. 1

H

-

while the base electrode of the transistor Slreceives a
constant level signzl which is an error voltage which will

-

the differ ence between the desired and actual

ct

epresen

H

utput voltages cof a power supply to which the signal pro-

cessing arrangement belongs. The ramp waveform has an

initial rapid rise from the constant voltage level which

’h

precedes it and this jump in level is communicated, by .
way of the capacitor %%, to the base slectrode of the

ot

ransistor 36 causing an abrupt rise in its collector
current and an abrupt drop in its collecter voltage level,
the collector voltage level drop being communicated to

the base electrode cf the transistor S2by way of the

mn
o}
o
o’
1
(3]
o]
o]
Qo
[
(9]
fesd
’ -t
o |
Q]

transistor S5 toc hold transistor 52 in
state. Also the ramp voltace level will start higher.than

the error voltage and transistor 5] will be held in its

Lol
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non-conducting state so that the collectors of the

- 16 -~

transistorssl and 52will be at a high voltage level and
the outpu ltage from the emitter electrode of the
transistor53 will be high. The output voltage will remain
high as the ramp level falls but remains above the error
signal level but as the ramp level goes below the error
signal level the transistor 5lwill begin to conduct and
its collector voltage will drop. The drep in the tollec-
tor voltage of the transistor 51will be communica;ed to
the transistorsS53 ané 55as a voltage drop and to the

transistors5= and3< as a voltage rise, causing a regenera-

tive effect result in the rapidé switch on of the tran-

sistor32 and the latching of the feedback

transistorsy in its conducting state. In

loop with the
due course the

and will remain

transistofsf will become fully conductive
so to the end of the ramp waveform at which time the ramp
waveform changes abruptly to the constant level which_may
lie below the error voltage level and as a result of which

the transistor 51 may not be switched off and may.cause the

output voltage to remain low zfter the end of the ramp wave-

form so that the output state of the

is undefined during the period between tThe ramp waveforms.

~
rt
i
1]
b+
A

portant that the output voltage from the signal
processing arrangement should return tc & high level at the

end of the ramp waveform and this is ensured by the control
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of the current source S8to switch off the transistor Sl
at the end of the ramp waveform. Such control of the
current source is illustrated by the Fig. 7 arrangement.

Referring to Fig. 7, a signal processing arrange-
ment includes the "left~-hand" transistors 50, 5l and 52 as
describea in Fig. 5 and corresponding "right-hand" transis-
tors 101, 102 and 103 sharing a current source $1 connected
in the emitter circuit of the transistors S0, 51 ands2 by way
of of & transistor 90 and connected in the emitter.circuit
of the.transistors 101, 102 and 103 by way of a transistor
92. The base s2lectrode of the transistor 90 is connected
to the base electrode of a transistor 92 the emitter elec-

ode cof which is connected to a current scurce ¢

w

anéd the
base electrode of the transistor 92 is connected to the base
electrode of a transistor 94 the emitter eliectrode of which

is also connectsd to the current source 95. The collectoer

t
O
O
ot
po)
(V]
9]
(o
 ad
p—1
1]
(9]
cr
[e]
=

electrode of the transistecr 93 is connected t

electrode of the transistors 102 and 103 and the collector

1

electrode of the transistor 94 is connected to the collector

electrode of the transistors sSland 52,

%

In the operation of the signal processing arrangement

riven

[en]
[N
[o])

i g

of Fig. 7, the base electrode of the transistor §

bv the waveform CONTROL A of Fig. 2 and the base slectrode

(]

of the transistor 92 is driven by the waveform CONTROL B

of Fig. 2, the two waveforms being provided by the oscillator



-
(V)]

20

25

eet Has Been Replaced

"L

_18_
illustrated in Fig. 3 (the transistors3? and 38 in Fig.
3 provide the waveforms CONTROL A and CONTROL B}. It

will be evident that the waveform CONTROL A will be such

as to disable the stage comprising transistors 50, 51 and 52

by switching off transistor 90 during the periods when the

CAP A waveform has a constant value, but the effect of the
transistor 94 is superimposed on this and results in tbe
collector voltage of the transistors 5l and 52 being held low,
since the CONTROL B waveform contrcls the transistor 94.°
Similarly, the transistor 92 is driven by the <CONTROL B
waveform while the CONTROL A waveform drives the transistor
93, so the output signals -from the left and right hand stages
remain complementary ané the stages opefate alternately.

The signal processing arrangement of Fig.7 provides
a2 dual out pﬁt that is, an output for a2 double-ended con-
trolier. The signal processing arrangement cf Fig.7, may
be converted to prcvide a single cutput by the removal of

~

the components 93, %4 ané 25 and the connection, in parallel,

&

181

of the two channels. ‘
A circuit diagram representation of the circuit arrange-
ment of Fig.7 modified to provide & single-ended output is

shown in Fig. 8 where the stages comprisin

[Xe]
!
o)
(U]
rt
[a
W
33
/)
l ']
n
ct
0
(A
n

120 £o0 127 corresponding generally to those parts of the signal
processing network represented by Fig. &, and the stages

comprising the transistors 5%,-51,52}04, 101, 102, 103 and
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105 correspond to those parts of the signal processing

- 19 -

network represented by Fig. 7. It is to be noted that the
transistors 104 and 105 provide current limiting in this
arrangement and perform their function in parallel with
all the other functions.

Retﬁrning to Fig. 32, it will. be noted that the oscilla-
tor frequency is controllable by way of the port 16 a prac-
tical effect of which is to permit the operation of a power
supply equipped with a controller comprising the vpltagé
controllable oscillator with a variable frequeﬁcy. Such
operation would be achieved by an arrangement in which an

error voltage was applied to the port l62s an alternative,

',.J

or in adcéition to an error Qoltage pplied to the pulse-
width control input port.

Referring to Fig. 9, a signal level setting network
(either”the network 5 or the network 6 of Fig. 1) includes
& first NPN transistor 70 connected as a diode with associa-
ted collector and emitter electrode resistors, a second NPN
transistor 71, connected base electrode to base electrode with
the transistor 70, with its associated collector qnd emitter
electrode resistors, a third NPN transistor 75, having its
base electrode connected to the collector electrode of the
transistor 71; with an associated emitter electrode resistor,
and a fourth NPN transistor 76,.having its base electrode

connected to the emitter electrode of the transistor 75,

with an associated emitter electrode resistor. A fifth NPN
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transistor 72 is connected collector electrode to
collector electrode with the transistor 71, has an
associated emitter electrode resistor, and is connected
base electrode to base electrode with a sixth NPN transis-
tor 73 which has its base and collector electrodes connec-
ted together. The transistor 73 has a collector electrode
resistor and its emitter electrode is connected to a seventh
NPN transistor 74 which has its base and collectof electrodes
connected together. The emitter electrode of the tranéistor
74 and the emitter electrode resistors of the.transistors
70, 71, 72, 75 and 76 are connected together. Also, the
collector electrode resistors of the transistors 71 and 73
are connected together .and to the collector electrodes of
the trans%stors 75 and 76. The collector electrode resistor
of the transistor 70 is connected to the control input port
12, say, of Fig. 1.

In the operation of the level setting network of Fig.
9, an input control voltage to the port 12 produces a -
corresponding current in through the transistor 70 and its
associated resistors, and the same amount of current flows
through the transistor 71 and its associated emitt er elec-
trode resistor. The current flowing through the transistor
71 influences the voltage level at the junction of its
collector electrode through its collector electrode resistor,

and the transistors 75 and 76, which act as a compound
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emitter follower, communicate the voltage level of the

- 21 =

collector electrode of the transistor 71 to the emitter
electrode of the transistor 76. The emitter electrode

of the transistor 76 is the output port of the level
setting network. The collector voltage of the trahsistor
71 is also influenced by the current flowing through the
transistor 72, the current flowing through the transistor
72 being set by the transistors 73 and 74 and the resistor
associated with the collector electrode of thg transistor
73. The output voltage level from the signal level setting
circuit is therefore the combined result of a fixed current
flowing through the t;ahsistor 72 and a signal-dependent
current flowing throuéh the transistor 71. The maximum
output voltage level will be set by the fixed current when
the signal-dependent current is zero and the minimum output
voltage level will be set by the cocllector and emitter:
electrode resistors of the transistcr 71, intermediate out-
put voltage levels being in proportion to the signal applied
to the control port 12 so long as the applied signal is
below the value to cause the minimum output voléage levels.
The arrangement of the active components in Fig. 9 is also

temperature-compensated.

The level setting network of Fig. ¢ provides level
shifting for interfacing with the pulse width modulator 2
or 3 of Fig. 1. 1t also provides division by a factor of
about 10 which is controlled by the ratio of the collector
and emitter resistors of the transistor 70, and linearity

and good control are achieved with a sawtooth excursion of
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about 1 Volt. An advantage of including the level

- 22 -

setting network is that a large error amplifier output
range may be used, giving good control through high
sensitivity, while a match is maintained between the
sawtooth waveform amplitude and the divided down error

voltage.
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CILAIMS:

1. A switch mode electrical power controller including
a signal generator (1) which, in operation, provides a
repetitively occurring ramp waveform signal (CAP A), a
control input port (12) for receiving a control signal
which represents the required output voltage from a power
supply, a signal processing network (2,4)(2,20) including
means (2) capable of performing pulse width modulation by
combining the ramp waveform signal (CAP A) , the control
signal and at least one other signal (CONTROL A) and
providing from the combination a repetitive output

signal (OUTPUT A) having a first level for a first part
of its period and a sécond level for the remainder of its
period, and a circuit arrangement (50,51,63,52,53,
54,55,63) for effecting regenerative switching of the
means (2) for performing pulse width modulation during
changes of the output signal between the first and second

levels.

2. A controller as claimed in claim 1, wherein the
signal processing network (2,4)(2,20) includes a
comparator (50,51,63) having a first input port (67)
connected to receive the signal (CAP A) from the
generator and a second input port connected to receive
the control signal, the comparator (50,51,63) including
means (52,53,54,55,63) for causing it to switch

regeneratively to provide the output signal changes and
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means (52,54,56,66) for resetting it to provide an output
signal at the first level at the beginning of each period

of the generator ramp waveform signal (CAP a).

3. A controller as claimed in claim 2, wherein the
comparator (50,51,63) includes a feedback outwork
(52,53,54,55,63) for effecting the regenerative switching
and a feedforward network (52,54,56,66) connected between
its input and output regions for resetting it at the
beginning of each period of the generator ramp waveform

signal (CAP A).

4. A controller as.claimed in claim 3, wherein the
feedback network (52,53,54,55,63) includes output regions

of the ¢comparator (50,51,63).

5. A controller as claimed in claim 1, wherein the .
signal processing network (2,4,7,9) includes an output
stage (9) with an input connected directly to the output
port of a comparator (2), a feedback network (73
connected to the comparator (2) and to the output stage
(9), for causing the output stage (9) to switch
regeneratively, and a feedforward network (4) connected
to the comparator (2) for resetting the comparator (2) at
the beginning of each period of the generator ramp

waveform signal (CAP A).
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6. A controller as claimed in claim 5, wherein the
feedback network (7) includes input regions of the output

stage (9).

7. A controller as claimed in any one of claims 1 to 6,
wherein the signal processing network (2,3,4) includes
similar first and second channels for providing
respective first (OUTPUT A) and second (OUTPUT B) output
signals on the first and second channels, and commutation
and blanking networks (90,91,92,93,94,95) are connected
in shunt with the signal processing network (2,3,4) for
selecting either the first (OUTPUT A) or the second
(OUTPUT B) output sighal for transmission to an output
port of the controller. .

8. A controller as claimed in any one of claims 1 to 6,
wherein the signal processing network (2,3,4) includeé
first and second channels ﬁor providing respective first
(OUTPUT A) and a second (OUTPUT B) output signals on the
first and second channels, ahd'a commutation network
(120,121,122,125) is connected in shunt with the signal
processing network (2,3,4) for combining the first
(OUTPUT A) and the second (OUTPUT B) output signals for

transmission to an output port of the controller.

9. A controller as claimed in any one of claims 1 to 8,

wherein the signal generator (1) is a non-saturating
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emitter-coupled multivibrator.

10. A controller as claimed in any one of claims 1 to 9,
wherein the signal processing network includes current
and voltage limit protection networks (104,105) connected
in shunt with the remainder of the signal processing

network.

11. A controller as claimed in any one of claims 1 to
10, wherein the signal processing network includes a
plurality of differentially-connected transistor stages
with common-mode input ports, differential-mode input

ports and differential mode output ports.

12. A controller as claimed in any one of claims 1 to
11, wherein the signal processing network includes a
signal level setting network (70 to 76) connected to

adjust the control signal range.
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