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'Switch mode electrical power controller 

The present invention relates to a switch mode 

erectrical power controller. 

Switch mode electrical power controllers are used 

in elect.rical po"".er supplies. An electrical power supply 

5 for ·an electrical.system including active semiconductor 

or vacuum 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 electri-
• 

cal motor may be ~equired to provide a variable out~Ut vol-

! 6 tage for the C?ntrol of the motor speed. Thus the controller 

for an electrical power supp..ly may be required to provide for 

either the generation of a stabilised output voltage or a 

variable ou~put voltage from a~ unstabilised input voltage. 

An.electrical power supply employing a switch mode 

15 controller operates by chopping the input voltage, passing 

to ~ts output port either the full input voltage or zero 

voltage. The periods with a non-zero output voltage alter-

nate with th~se of zero output voltage and the ratio of the 

two periods is varied as required to make the lon~ term 

20 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 

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

~n object of the present invention is the provi­

sion of a switch mode electrical power controller 

capable of operation at higher frequencies than existing 

S switch mode electrical power controllers. 

In accordance with the present invention a switch 

mode electrical pow~r controller includes a generator 

arranged to provide an outprit signal having a repeti­

tively occurring ramp waveform, a control input port 

10 for receiving a control signal which, in operation, is 

representative of the required output voltage from a 

power supply to which the controller belongs, and a sig­

nal processing network arranged to provide, from the ramp 

waveform and the control· signal, a repetitive output sig-

1"5 nal having a first level for a first period and a second 

level for.a ~econd period which adjoins the first period, 

the signal 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 

20 period to the second period varies with the level pf 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 

the comparator being connected to the control input port 
~ 

of the controlle~~connected within the comparator to 

cause regenerative switching of the comparator to provide 

5 the output signal changes between the first an~ 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 a first embodiment of the present invention, the 

10 signal 9rocessing network includes a comparator having 

first and second input ports, the first input port cf 

the comparator being co~nected to receive the output 

sign.al from the generator .. and the seco.nd input port of 

the comparator being connected to the control input port 

15 of the controller, a feedback network in the comparator 

arran~ed to cause regenerative switching of the compara-

tor between :irst and second states which provide res-

pective first and second output levels, and a feedfor-

ward network connected between the input and output 

20 regions of the comparator arranged to set the comparator 

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. 

25 In an alternative to the first embodiment of the 
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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 signal from the genera-

5 tor and the second input port of the comparator being 

connected to the control input port of the controller, 

an output stage conpected directly to the comparator 

output port, a feedback network connected to the com­

parator and the output stage arranged to cause the out-

10 put stage to switch regenerative.ly between the first and 

second output levels, and a feedforward network connected 

between the input and the output regions of the compara­

tor arranged to set ~he comparator to· its first state at 

the beginning of each ramp waveform. 

15 In the alternative embodiment, the feedback network 

may ~e arranged to include input regions of the output 

stage. 

In an embodiment of the present invention, the sig­

nal processing network may include similar firs~ and 

20 second channels, arranged to provide, alternately on 

respective output ports, repetitive 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 of the present invention, the sig-. 

25 nal processing network may include commutation and blank-
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ing networks arran9ed to operate in parallel with the 

remainder of the signal processing n~twork. 

In an embodiment of the present invention, the sig-

nal processing network may include first and second 

5 channels combined to provide, serially on a single out-

put port, repetitive 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 cf the present invention, the sig-

10 nal processing network may include a commutation network 
I 

arranged to operate in parallel with the remainder of 

the signal ~recessing network. 

In an embodiment of -the present invention, the genera-

tor may be a non-satura~ing·emitter coupled roultivibrator 

15 providing first and second output waveforms comprising 

alternate ramp and constant portions, the first and 

secon~ waveforms being similar but with a half-period 

time displacement between them. 

In an embodiment of the present invention, the sig-

20 nal processing network may include current and voltage 

limit protection networks arranged to operate ip parallel 

with the remainder of the signal processing network. 

In an embodiment of the present invention, the sig-

nal processing network may be arranged as differentially-

25 connected transistor net•.-:orks with com,,1\on-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 

S 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 controller, in acc?rdance with. 

the present invention, including a ramp waveform generator, a 

10 signal processing network with two channels, and an output 

stage connected to each channel of the signal processing net-

work, 

Fig. 2 is a diagrammatic representation of the waveforms 

provided by the ramp waveform generator, the signal processing 

15 network, and.the output stages of the controller of Fig. l, 

Fi~.·3 is a circuit diagram representation of the ra~p 

waveform generator of Fig. l, 

Fig. 4 is a diagrammatic representation of the ramp"wave­

forms provided by the ramp waveform generator of Fig,. 3, 

20 Fig. 5 is a block diagram representation of a second form 

25 

of switch mode electrical power controller, in accmrdance with 

the present invention, in which the signal processing network 

and the output stages are arranged differently from the signal 

processing network and output stages of Fig. 1, 

pig. 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 

5 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, 

10 Fig. 9 is a circuit diagram representation.of a signal 

level setting network included in both the first and second 

forms of the power controller. 

Referring to Fig. li the first form of the switch mode 

electrical power controller includes a ramp generating oscilla-

1_5 tor 1, two pulse-width modulators 2 and 3, a control network 

4, signa1 level setting networks 5 and 6, two latching net-

works 7 and 8, and two output stages·g and 10, and an external 

capacitor. The capacitor 11 is required for the oscillator 1. 

Referring to Fig. 1, the oscillator 1 has output ports 

20 connected to input ports of the pulse-width modulat?rs 2 and . 
3, and a further output port connected to the control 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 output port connected directly to the output stage 9 

25 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 

S 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 input port 

13 and the pulse-width modulators 2 and 3 in a ma~ner similar 

10 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 understood by referring to Fig. 2 in which 

the waveforms labelled CAP A and CAP B represent the sig-

15 nals provided by the oscillator 1 at the input ports to 

the pulse-width modulators 2 and 3, the waveforms labelled 

CONTROL A and CONTROL B represent .the signals provided PY 

the control network 4 to the pulse-width modulators 2 and 

3, the waveforms labelled PWMA and PWM3 represen~ the out-

20 put signals from the pulse-width modulators 2 an~ 3, and 

the waveforms labelled OUTPUT A and output 8 represent the 

signals from the output stages 9 and 10. 

Referring to Fig. 2! the waveform CA? A includes 

alternate falling ramp portions and constant level portions 

25 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 

l 
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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 

5 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 level, 

the waveform PWM A being low while the ramp level is the. 

10 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 per~od for whicb the waveform PWM A 

is low to that when it is high will al~er as the input sig-

nal on t~e port 12 or 13 varies. The level setting net-

15 works S and 6 are required to adjust the range of the sig-

nal appearing at the inp~t ports of the pulse-width modula-

tors 2 and 3 to match the amolitude of ~~e rarno. - - The'wave-

form ?WM B is generated 1n a similar manner to that of 

PWMA. It will be noted that PWMA and PWMB are not shown 

20 for the period during which the waveforms CAP A/and CAP 

B are constant for the reason that PWMA and PWMB are 

meaningful only during periods when CA?A and CAPB are 

ramp ~aveforms. The waveforms CONTROL A and CONTROL B 

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

25 respective high output level st.ates, ... aat is, i:o effect 

blanking during those periods 
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when CAPA and CAP B are not ramp waveforms to provide 

the output waveforms OUTPUT A and OUTPGT B. 

The output waveforms OUTPUT A and OUTPUT B may be 

combined to provide a single-ended out?Ut device or the 

5 waveforms OUTPUT A and OUTPUT B may be kept separate to 

provide a double-ended output device. 

Fig. 3 is a circuit diagram representation of the 

oscillator of Fig. l, and, referring to Fig. 3, the 

oscillator includes ports 14 and lS between which .are connec-

10 ted the frequency-determining capacitor (the capacitor 11 

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

of a symrne·trical non-saturating emitter coupled multi-

vibra~or in which the.frequency-determining capacitor 11 

is connected between the emitters of t~o transistors 

15 supplied by current sources and in which there are feed-

back ~onnections between the transistors to cause oscilla-

tion, the two current source currents :lowing first o~e 

way through t~e capacitor and then the ether way through 

the capacitor to generate the ramp wava:orms as'the 

20 transistors switch alternately on and cff (see E-lectronic . 
Designer's Handbook by T. K. Hemingway pages 191 to 194}. 

In Fig. 3, the capacitor 11 is connectec to the emitters 

of the ~ransistors31 and32 for which the transistors 33, 

34 and 35 and l:he resistor36 provide twc current sources. 

25 The signals developed at the collector electrode of the 
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transi~tor 31 are fed back to the base electrode of the 

transistor32 by way of the transistor 37and the signals 

at the collector electrode of the transisto·r 3.2. are fed 

back to the base electrode of the transistor 31, to pro-

S vide cross-coupling between the output and input ports. 

The emitter electrode of the. transistors 37and 38 provide 

f~rther output ports for the oscillator. 

Referring to Fig. 4, waveforms cf the output.signals 

available from the portl~ of the oscillator is shown as 

10 the upper waveform, say, of Fig. 4, and t~e wave:orm of 

the output signal available from the port IS of the oscilla-

tor is then the lower waveform of Fig. 4. As is evident 
. 

from. the two waveforms!·the·oscillato= provides a signal 

in which a negative-going ramp alterna~es with a constant 

15 level about which ~he ramps are symmetrical. The wave-

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

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

control inout cert 16 oermi"t.tinc control of the current 
.. .. .. J 

source currents, and thereby the operating frequency, by 

20 way of a transistor 3G . 

25 

Referring to Fig. 5, the second form of the switch 

mode electrical control.'1.er includes, as for the first form 

represented by Fig. 1, a ramp generating o~cillato~ i, two 

pulse-width modulators 2 and 3, signal level s~tting 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 

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, 

5 and a latch reset network 21. 

Referring to Fig. 5, the oscillator l has output 

ports connected to input ports of the pulse-widt~ modula­

tors 2 and 3, and a further output port connected to the 

commutation and blanking network 20. The commutation and 

10 blanking network 20 has output ports connected to the pulse-

width modulators 2 and 3. The pulse-width modulator 2 has 

an output port connected directly to .the output stage 9 

and the latching network 23 is connected internally to the 

pulse-wi9th modulator 2 and also to the output port of the 

15 pulse-~idth modulator 2. The latch reset network 21 has 

input ports connected also to the output ports of the 

oscillator 1 and an output port of the latch reset network 

21 is connected to an input port of the latching network 

23. The pulse-width modulator 3 has an output port connec-

20 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-

later 3. The latch reset network 21 has a further output 

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

25 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 

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 J in a manner similar 

5 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 operation 

10 of the second form of the switch· mode power controller is 

the same as that of the first form of the switch mode 

power controller. 

Referring to fig. 6, a signal processing network 

includes first and second transistors 50 and 51 coupled 

15 together at their emitter electrodes and sharing a current . 
source 58 connected to the couoled 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 53. The collector electrodes of the 

transistors 51 and 5"2 are connected to the base electrode 

of a fourth transistor 53which has a current source59 

5 connected as its emitter load and the emitter electrode 

of the transistor53 is connected to the base electrode 

of a transistor SS which has a curren~ source emitter. load 

6~, and a collector load resistor 64. The collector elec-

trode of the transistors~ is connected to the base elec-

10 trode of a transistor54 which has a current source 

1 --=> 

emitter load SD, the emitter electrode of the transistor 

5 4 being connected to the base electrode of the transistor 

Sk A transistor56 is connected in parallel with the 

transis17or 5·5 sharing the collector load resistor 64~ and 

the emitter current source 62. The transistor 56. is 

biassed by means of a base resistor63 connected between 

its base electrode and a positive voltage (which is the .. 

positive voltage supply for the other ~ransistors) and 

a current source ·51 connected between its base electrode 

20 and electrical ground. The base electrode of the transis-

tor 56is connected to the base electrode cf the transis-

tor SO by way of a capacitor .66· A fur':her transistor 57 

has its emitter electrode connected -co the current 

source 62,and its collector electrode connected to the 

25 
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4li ' '• positive supply for the other transistors. The 

base electrode of the transistor57 is connected to a 

further resistor and a further current source similar to 

the connections of the base electrode of the transistor 

5 3-U to its resistor 6·s· and current. source "61, but the further 

resistor and current source associated with the transistor 

.~7are not shown. 

In the operation of the signal processing arrangement 

of Fig. 6', the base electrode of the transistorSO receives 

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

while the base electrode of the transistor s1receives a 

constant level signal ~hich is an error voltage which will 

represent the difference between t~e desired and actual 

OUtpUt voltages Of a ?OWer supply which the signal pro-

15 cessing arrangement belongs.. The ramp waveform has an 

initi~l rapid rise from the constant voltage level which 

precedes it and this jump in level is communicated, by_ 

way of the capacitor 6p, to the base electrode of ~he 

transistor56 causing an abrupt rise i~ its colle~tor 

20 current and an abrupt drop in its collector volt~ge level, 

the collector voltage level drop being communicated to 

the base electrode cf the transistor 52 by way of the 

transistor 5 to hold t!"ansistor 52 in a non-conducting 

state. Also the ramp voltage level will start higher.than 

25 the error voltage and transistor 51 will be held in its 
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non-conducting state so that the collectors of the 

transistors51 and 52Will be at a high voltage level and 

the output voltage from the emitter electrode of the 

transistor53'will be high. The outpu~ voltage will remain 

5 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 Slwill begin to conduct ana 

its collector voltage will drop. The drop in the collec­

tor voltage of the transistor ~lwill be communicated to· 

10 the transistors53 and 55as a voltage drop and "to the 

transistorsS~ andSi as a voltage rise, causing a regenera-

tive effect· resulting in the rapid switch on of the tran-

sistor52 and the latching of the feedback loop with the 

transistors~ in its conducting state. In due course ~he 

15 transistorsf will become fully conductive and will remain .. 
so to the end of the ramp waveform at w~ich time the r~mp 

waveform changes abruptly to the constant level which may 

below the e;ror voltage level and as a result of which 

the transistor_Slrnay not be switched off and may.cause the 

20 output voltage to remain low after the end of the ramp wave-
'" 

form so that the output state of the arrangement of Fiq.S 

is undefined during the period between the ramp waveforms. 

It is important ~hat the output voltage from the signal 

processing arrangement should return to a high level at the 

25 end of the ramp waveform and this is ensured by the control 
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of the current source 58to switch off the transistor 51 

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

s ment includes the "left-hand" transistors 5:0, Si and s.2 as 

described in Fig. ~ and corresponding "right-hand" transis-

tor~ 101, 102 and 103 sharing a current source 91 connected 

in the emitter circuit of the transistors 5'6, s 1· and 5 2 by way 

of of a transistor 90 and connected in the emitter circuit 

10 of the transistors 101, 102 and 103 by way of a transistor 
I 

92. The base electrode of the transistor 90 is connected 

to the base electrode of a transistor 93 the emitter elec-
. 

+- - .;; ' • • 
~roae o .... wni.cn is connected to a current source 95 and the 

base electrode of the transistor 92 is connected to the base 

15 electrode of a transistor 94 the emitter electrode of which 

is also connected to the current source 95. The collector 

electrode of the transistor 93 is connected to the collector 

electrode of the transistors 102 and 103 and the collector 

electrode of the transistor 94 is connected to the collector 

20 electrode of the transistors Sland 52. 
'• 

In the operation of the signal processing arrangement 

of Fig. 7, the base electrode of the transistor 90 is driven 

by the waveform CONTROL A of Fig. 2 and the base electrode 

of the transistor 92 is driven by the ~aveform CONTROL § 

25 of Fig. 2, the two waveforms being provided by the oscillator 
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i 11 ustrated in Fig. 3 (the transistors 3 7 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 5·2 

5 . 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 the 

collector voltage of the transistors 51 and 52 being held low, 

since the CONTROL B waveform controls the transistor 94.· 

10 Similarly, the transistor 92 is driven by the ~ONTROL B 

waveform while the CONTROL A waveform drives the transistor 

93, so the output signals .from the left and right hand stages 

remain complementary a~d the stages operate alternately. 

The signal processing arrangement of Fig.7 provides 

15 a dual output that is, an output for a double-ended con­

troller. The signal processing arrangement of Fig.7, may 

be converted to provide a single output by the removal of 

the components 93, 94 and 95 and the connection, in par.al lel, 

of the two channels. 

20 A circuit diagram representation of the circuit arrange-

ment of Fig. 7 modified to provide a single-endec output is 

shown in Fig. 8 Nhere the stages comprising the transistors 

120 to~27 corresponding generally to those parts of the sig~al 

processing network represented by Fig. t, and the stages 

25 comprising the transistors S0,~51,52f04, 101, 102, 103 and 
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105 corr~spond to those parts of the signal processing 

0etwork 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 

5 all the other functions. 

Returning to Fig. 3, it will. be noted that the oscilla-

tor .frequency is con-crollable 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 voltage 

10 controllable oscillator with a variable freguency. Such 

15 

operation would be achieved by an arrangement in which an 

error voltage was applied to the port 16~s an alternative, 

or in addition to an error voltage applied to the pulse-

width control input pert. 

Referr~ng to Fig. 9, a signal level setting network 

(either~the network 5 or the network 6 of Fig. 1) includes 

a 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 

20 the transistor 70, with its associated collector and 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 

25 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-

5 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 collector electrodes 

connected together. The emitter electrode of the transistor 

10 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 transistors 75 and 76. The collector electrode resistor 

15 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 

20 associated resistors, and the same amount of current flows 

through the transistor 71 and its associated emitter 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, 

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

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 

5 setting network. The collector voltage of the transistor 

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 the transistor · 

10 73. The output voltage level from the signal level setting 

circuit is therefore the combined result of a fixed current 

flowing through the transistor 72 and a signal-dependent 

current flowing through the transistor 71. The maximum 

output voltage level will be set by the fixed current when 

15 the si~nal-dependent current is zero and the minimum output 

voltage level will be set by the collector 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 

20 below the value to cause the minimum output voltage levels. 

25 

The arrangement of the active components in Fig. 9 is also 

temperature-compensated. 

The level setting network of Fig. 9 provides level 

shifting for interfacing with the pulse width modulator 2 

or 3 of Fig. 1. It 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 l Volt. An advantage of including the level 

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 

5 sawtooth waveform amplitude and the divided down error 

voltage. 
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CLAIMS: 

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 

5 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 

10 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 second level for the remainder of its 

period, and a circuit arrangement (50,51,63,52,53, 

15 54,55,pJ) for effecting regenerative switching of the 

means (2) for performing pulse width modulation during 

changes of the output signal between the first and se·cond 

20 

levels. 

2. A controller as claimed in claim 1, whereih 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 

25 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 1 54,56,66) connected between 

its input and output regions for resetting it at the 

10 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 

15 of the comparator (50,51,63). 
I 

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 

20 port of a comparator (2), a feedback network (7) 

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 

25 the beginning of each period of the generator ramp 

waveform signal (CAP A). 

\ 1\11! 1\\tlll~ \Ill) II 1\11 

I 

... ~ .. 



5 

- 25 

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 

10 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 signal for transmission to an output 

15 

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) includes 

first and second channels 1or providing respective first 

{OUTPUT A) and a second {OUTPUT B) output signals on the 

20 first and second channels, and ·a commutation network 

25 

(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 l 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 

5 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 

10 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 

15 11, w~erein the signal processing network includes a 

signal level setting network (70 to 76) connected to 

adjust the control signal range. 
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