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A SWITCHED MODE DRIVE CIRCUIT

INTRODUCTION AND BACKGROUND

This invention relates to a switched mode drive circuit and method for an

inductive component. The invention more particularly, but not exclusively,

relates to buck, boost and push-pull drive circuits.

Drive circuits comprising a first switch having first and second terminals, a

second switch having first and second terminals and wherein a terminal of

the first switch, a terminal of the second switch and one end of an

inductive component to be driven are connected to one another at a

common node are known in the art. In push-pull configurations, transistors

are used as the first and second switches and in buck, boost and buck-

boost configurations, a diode is used as one of the switches.

In all these configurations, an energy storage device is connected over the

terminals of the first and second switches that are not connected to the

common node. In push-pull and buck configurations, the energy storage

device comprises a DC power supply. In a boost configuration the energy

storage device comprises an output capacitor and in a buck-boost

configuration, the energy storage device may comprise a DC power supply

and an output capacitor connected in series.

During normal operation, the switches are driven to be on and off in

alternating relationship - that is when the first switch is on, the second



switch is off, and vice versa. However, it is well known that it may happen

that both the first and second switches are on at the same time, so that the

energy storage device is short-circuited. This may result in large currents

which may cause damage, such as damage to the switches.

Conventional protection circuits and methods are aimed at ensuring that

the one switch is fully off, before the other switch is switched on. In push-

pull configurations this may be achieved by inserting some delay between

the switching off of the one transistor and before the other transistor is

switched on. In buck and boost configurations a fast switching diode is

normally used. In other embodiments a conventional series protection

inductor comprising a magnetic core is used. As will be clear and will be

described in more detail below with reference to figure 1, these techniques

limit not only the maximum frequency of the drive circuit, but also the

efficiency of the drive circuit.

OBJECT OF THE INVENTION

Accordingly, it is an object of the present invention to provide an

alternative drive circuit and method with which the applicant believes the

aforementioned disadvantages may at least be alleviated or which may

provide a useful alternative for the known circuits and methods.



SUMMARY OF THE INVENTION

According to the invention there is provided a switched mode drive circuit

comprising:

a first switch comprising a first terminal and a second

terminal;

a second switch comprising a first terminal and a second

terminal;

an inductive component comprising at least a first winding

part having a first end and a second end and a second

winding part having a first end and a second end; and

an energy storage device having a first pole and a second

pole, wherein

the first and second terminals of each of the first and

second switches and the first and second ends of

each of the first and second winding parts are

connected in series over the first and second poles of

the energy storage device; and

the first and second winding parts are configured in

one of a common mode and a differential mode.

The first end of the first winding part may be connected to the second

terminal of the first switch, the second end of the first winding part may be

connected to the second end of the second winding part and the first end



of the second winding part may be connected to the first terminal of the

second switch.

The first winding part and second winding part may be arranged in one of

at least partial bifilar configuration, hybrid configuration and a co-wound

configuration.

At least one of the first switch and the second switch may comprise a

switching transistor. In some embodiments each of the first switch and the

second switch comprises a switching transistor. In other embodiments at

least one of the first switch and the second switch comprises a diode.

The first terminal of the first switch may be connected to the first pole of

the energy storage device and the second pole of the second switch may

be connected to the second pole of the energy storage device. The energy

storage device may comprise a DC power supply.

In other embodiments the energy storage device comprises a capacitor.

An impedance component, preferable a resistive component may be

provided between the second terminal of the first switch and the first

terminal of the second switch in parallel with the first winding part and the

second winding part.



The circuit may comprise a damping component between at least one of a)

the first pole of the energy storage means and the first terminal of the

second switch and b) the second pole of the energy storage means and

the second terminal of the first switch.

The first and second winding parts may be configured in common mode

and the inductive component may comprise a primary winding of a

transformer.

In other embodiments the inductive component comprises a protection

winding with an intermediate tap between the first winding part and the

second winding part which are configured in a differential mode.

The intermediate tap may be connected to an inductive component to be

driven and said component may comprise a primary winding of a

transformer to be driven.

Also included within the scope of the invention is a method of driving first

and second switches in an alternate switched mode, the method

comprising the step of causing a winding comprising a first winding part

and a second winding part to be used in series between the first and

second switches; and causing the first and second winding parts to be

configured in one of a common mode and a differential mode.



BRIEF DESCRIPTION OF THE ACCOMPANYING DIAGRAMS

The invention will now further be described, by way of example only, with

reference to the accompanying diagrams wherein:

figure 1 is a basic circuit diagram of a prior art switched mode drive

circuit comprising first and second transistors operated in a

push-pull mode to drive a primary winding of a transformer;

figures 2(a) to (c) are oscillographs of signals at selected points in the

diagram in figure 1;

figure 3 is a basic circuit diagram of an example embodiment of an

output stage of a switched mode drive circuit;

figure 4 is a more detailed diagram of an example embodiment of a

push-pull configuration output stage of a switched mode

drive circuit;

figures 5(a) to (c) are oscillographs of signals at selected points in the

diagram in figure 4 ;

figure 6 is a circuit diagram of another example embodiment of a

push-pull configuration output stage of a switched mode

drive circuit;

figure 7 is a circuit diagram of an example embodiment of a switched

mode drive circuit comprising a push-pull configuration

output stage;



figure 8 is a circuit diagram of another example embodiment of a

switched mode drive circuit comprising a push-pull

configuration output stage;

figure 9 is a circuit diagram of an example embodiment of a buck

configuration output stage of a switched mode drive circuit;

figure 10 is a circuit diagram of another example embodiment of a

buck configuration output stage of a switched mode drive

circuit;

figure 1 is a circuit diagram of an example embodiment of a boost

configuration output stage of a switched mode drive circuit;

figure 12 is a circuit diagram of another example embodiment of a

boost configuration output stage of a switched mode drive

circuit;

figure 13(a) to 13(d) are diagrammatic representations of example

embodiments of winding configurations.

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

An output stage of a prior art switched mode drive circuit is generally

designated by the reference numeral 100 in figure 1.

This known output stage comprises a first insulated gate semiconductor

switch device 114 and a second insulated gate semiconductor switch

device 1 6 . The first and second devices are connected in series in a



circuit 15 between the poles 118.1 and 118.2 of a DC power supply with

the source 114.2 of the first device 114 connected directly to the drain

116.1 of the second device. A branch circuit 117 comprising a primary

winding 120 of a transformer 122 to be driven is connected at common

node 119 to the source 114.2 of the first switch device and the drain 116.1

of the second switch device.

In figure 2 , oscillograms against time of signals at selected points in figure

1 are shown. Figure 2(a) depicts the voltage at point 116.1 . Figure 2(b)

shows the current in the circuit 115 and through the devices 114 and 116 .

Figure 2(c) shows the current in branch 117 and through the primary

winding 120. During normal operation, one of the switch devices is on

while the other is off. This forms a circuit between the DC power supply,

the switch that is on and the primary winding 120 of the transformer 122.

This circuit is referred to as the primary circuit. For good performance, the

power supply and switches have as small as possible impedance. The

voltage across the primary winding 120 is then approximately the supply

voltage, as shown in figure 2(a).

However, figure 2(b) illustrates that for short periods 200, both switch

devices 114 and 1 6 are on at the same time. When both switch devices

are on, a shorted circuit is formed between the DC power supply and the

two serially connected switches 114 and 116 . Because of the



aforementioned low impedance of the DC power supply and the switch

devices and as stated in the introduction of the specification, during these

periods 200, the current in the shorted circuit increases very fast. As

shown in figure 2(b) during these periods 200, the current in the shorted

circuit may reach values in excess of 30A, which may cause damage to

one or both of the switch devices. Should a conventional series protective

inductance or resistance be added to the shorted circuit in the

conventional manner, this inductance and impedance would also be

added to the primary circuit, which would degrade the performance of the

switched mode drive circuit and which is of course undesirable. More

particularly, since the periods 200 during which both switch devices are on

is much shorter than the period during which only one of the switch

devices is on, the frequencies at which protection is required are larger

than the frequency at which the drive circuit is operating. It is known that

inductive components having a magnetic core are normally frequency

dependent, such that the inductance is lower at higher frequencies than at

lower frequencies. Hence, by adding conventional series protection

inductor to the shorted circuit would result in more inductance being added

at the lower frequency of the primary circuit, which is undesirable.

In figure 3 , a first example embodiment of an output stage of a drive circuit

according to the invention is generally designated by the reference

numeral 10 . The output stage 10 comprises a first switch 14 comprising a



first terminal 14.1 and a second terminal 14.2, a second switch 16

comprising a first terminal 16 1 and a second terminal 16.2 and an

inductive component 20 comprising at least a first winding part 20.1 having

a first end 20.1 . 1 and a second end 20.1 .2 and a second winding part 20.2

having a first end 20.2.1 and a second end 20.2.2. The stage 10 further

comprises an energy storage device 18 having a first pole 18.1 and a

second pole 18.2. The first and second terminals of each of the first switch

14 and second switch 16 and the first and second ends of each of the first

winding part 20.1 and second winding part 20.2 are connected in series

between the first pole 18.1 and the second pole 18.2 of the energy storage

device 18 . The first winding part 20.1 and second winding part 20.2 are

configured in a common mode, as illustrated by the dot convention in

figure 3 . In other embodiments, the first and second winding parts may be

configured in a differential mode as will be explained below.

In figure 4 a more detailed example embodiment of a push-pull

configuration of the output stage is shown. The first switch 14 comprises a

first insulated gate semiconductor device comprising a first terminal or

drain 14.1 , a second terminal or source 14.2 and a third terminal or gate

14.3. The second switch 16 comprises a second insulated gate

semiconductor device comprising a first terminal or drain 16.1 , a second

terminal or source 16.2 and a third terminal or gate 16.3. The drain 14.1 of

the first device 14 is connected to the first pole 18.1 of DC power supply



18. The source 16.2 of the second device 16 is connected to the other

po e 18.2 of the DC power supply. Further, the source 14.2 of the first

device 4 is connected to the first end 20.1 . 1 of the first winding part 20.1

of the inductive component to be driven in the form of a primary winding 20

of transformer 22. The transformer 22 comprises a secondary winding 24.

The drain 16.2 of the second device 16 is connected to the first end 20.2.1

of the second winding part 20.2 of the primary winding 20. The second

end 20.1 .2 of the first winding part 20.1 and the second end 20.2.2. of the

second winding part 20.2 are connected to one another and the first

winding part 20.1 and second winding part 20.2 are configured in a

common mode, as illustrated by the dot convention in figure 4 . The

common mode configuration may comprise any one of a bifilar winding as

illustrated in the enlarged part of figure 4 and in figure 13(a), alternatively

in a hybrid configuration as shown in figure 13(b), further alternatively in a

co-wound configuration as shown in figure 3(c) and still further

alternatively, in an at least partial bifilar configuration as shown in figure

13(d). The stage 10 may further comprise at least one damping

component and preferably both of damping components in the form of

diodes 40 and 42. A dissipative component 44 may be provided between

the respective first ends of the first and second winding parts. The

component 44 may for example comprise a resistive component.



Referring again to figures 13(a) to (c), the coupling between the two

winding parts 20.1 and 20.2 decreases from figure 13(a) to figure 13(c)

resulting in an increase in the shorted circuit protection inductance. In

figure 3(a) there is shown a bifilar configuration, in figure 13(c) there is

shown a co-wound configuration wherein the first and second winding

parts are located next to one another or in juxtaposition on the core and in

figure 13(b) there is shown a hybrid between the aforementioned bifilar

configuration and the aforementioned co-wound configuration. In figure

13(d) the protection inductance is less than in figure 13(a), because only a

part of the primary winding is bifilar. It will be appreciated that

corresponding partial configurations are also possible with the co-wound

and hybrid configurations. All these configurations make it possible to

design the primary winding parts for a specific amount of protection

impedance.

In figure 5 , oscillograms against time of signals at selected points in figure

4 are shown. Figure 5(a) depicts the voltages at points 14.2 and 16.1 , the

former in solid lines and the latter in broken lines. Figure 5(b) shows the

current in the output circuit 15 and through the devices 14 and 16 . Figure

5(c) shows the sum of the currents through the first part 20.1 and the

second part 20.2 of the primary winding 20 of the transfc mer 22.



Comparing figures 2(a) and 2(c) to figures 5(a) and 5(c), it can be seen

that the performance of the output stage 10 is similar to the performance

of the output stage 00 when only one of the switches is on at a time. That

is, the performance of the aforementioned primary circuit is similar.

However, as is clear from figure 5(b) and more particularly at 500, the

current in the output circuit 15 through the devices 14 and 16 while both

are on during periods 502, is reduced to below 10A. Hence, the

aforementioned first and second parts of the inductive component form a

current limiting protection impedance in the shorted circuit, to protect the

devices 14 and 16. Even though the bifilar winding has very good coupling

between the first and second winding parts, the coupling is never perfect,

which adds inductance to the shorted circuit. The lengths of the windings

also add some transmission line delay effects and some resistance. All

these effects contribute to limit the current in the shorted circuit. More

particularly, bifilar windings have a magnetic coupling coefficient between

the two windings of better than 0.99, so that the shorted circuit inductance

is less than about 1% of the primary circuit inductance. The coupling of the

shorted circuit inductance and the magnetic material is also negligible,

resulting in the inductance added to the shorted circuit being frequency

independent. This alleviates the aforementioned frequency dependence

problem of the conventional series protection inductor. The length of the

wire used in the bifilar winding is also longer than that of the conventional



series component. This longer wire results in transmission line delay

effects which damp high frequency signals in the shorted circuit better than

the conventional component. The transmission line damping may also be

used to suppress certain unwanted high frequency ringing.

In the example embodiment in figure 6, the source 14.2 of the first device

14 and the drain 16.1 of the second device 16 are connected to one

another via a separate protection inductive component or winding 26

having an intermediate tap point 28. The second end 20.1 .2 of the first

winding part 20.1 and the second end 20.2.2. of the second winding part

20.2 are connected to one another and the first winding part 20.1 and

second winding part 20.2 are configured in a differential mode, as

illustrated by the dot convention in figure 6 . The differential mode

configuration may comprise any one of a bifilar winding as illustrated in the

enlarged part of figure 6 and in figure 13(a), alternatively in a hybrid

configuration as shown in figure 13(b) and further alternatively in a co-

wound configuration as shown in figure 3(c). The tap point 28 is

connected to the inductive component to be driven, in the form of the

primary winding 30 of transformer 32. The transformer also has a

secondary winding 34. In this embodiment, the winding 26 forms the

current limiting protection impedance in the shorted circuit, to protect the

devices 14 and 16 . The protection winding 26 will add inductance to the

primary circuit, but it is believed that it will add about four times as much



inductance to the shorted circuit. It is further believed that by using a

protection winding 26 with an inductance much smaller than the

inductance of the primary winding 30 (typically less than 1% of the

inductance of the primary winding) the inductance of the protection

winding 26 will have a small effect on the primary circuit, whilst still

protecting the switches in the shorted circuit.

Also in this example embodiment, one or both of the damping components

40 and 42 of figure 4 may be added as well as the dissipative component

44.

In figure 7 and designated 60, there is shown an example embodiment of

a drive circuit comprising the output stage 10 of figure 4 . In the circuit 60,

the devices 14 and 16 are driven in push-pull mode by an external drive

circuit using a gate drive transformer 62 having bifilar secondary windings

64.1 and 64.2, and a primary winding 66. In one embodiment, the devices

14 and 16 may be driven at a resonant frequency of a circuit comprising

the secondary winding 24 of the transformer 22, which secondary winding

24 may be weakly coupled to the first and second parts 20.1 and 20.2 of

the primary winding 20.

In figure 8 and designated 70, there is shown another example

embodiment of a drive circuit comprising the output stage 10 of figure 4 .



The circuit 70 is made self-oscillating by weakly coupling the gate drive

windings 72.1 and 72.2 with the first and second parts 20.1 and 20.2 of the

primary winding or the secondary winding 24 of the transformer 22. For

optimum performance, the correct phase difference between the voltage

signals applied to the gates of the transistors 14 and 16 and the current in

the transformer 22 has to be used. This correct phase may be achieved in

a number of ways, for example by suitably selecting the coupling between

the gate windings and the primary winding parts and the orientation

between the gate windings and the primary winding parts.

In figure 9 there is shown an example embodiment of an output stage

similar to the one in figure 4 , but in a buck configuration wherein the

second switch device comprises a diode and the inductive component 20

may or may not form part of a transformer. In figure 10 there is shown an

example embodiment of an output stage similar to the one in figure 6 , but

in a buck configuration wherein the second switching device comprises a

diode 16 and the inductive component 30 may or may not form part of a

transformer.

In figure 11 there is shown an example embodiment of an output stage

similar to the one in figure 4 , but in a boost configuration wherein the first

switch device comprises a diode 14 , the energy storage device comprises

capacitor 18 and the inductive component 20 may or may not form part of



a transformer. n figure 12 there is shown an example embodiment of an

output stage similar to the one in figure 6, but in a boost configuration

wherein the first switch device comprises a diode 14 , the energy storage

device comprises capacitor 18 and the inductive component 30 may or

may not form part of a transformer.



CLAIMS

. A switched mode drive circuit comprising:

a first switch comprising a first terminal and a second

terminal;

a second switch comprising a first terminal and a second

terminal;

an inductive component comprising at least a first winding

part having a first end and a second end and a second

winding part having a first end and a second end; and

an energy storage device having a first pole and a second

pole, wherein

the first and second terminals of each of the first and

second switches and the first and second ends of

each of the first and second winding parts are

connected in series over the first and second poles of

the energy storage device; and

the first and second winding parts are configured in

one of a common mode and a differential mode.

2 . A switched mode drive circuit as claimed in claim 1 wherein the first

end of the first winding part is connected to the second terminal of

the first switch, the second end of the first winding part is connected



to the second end of the second winding part and wherein the first

end of the second winding part is connected to the first terminal of

the second switch.

3 . A switched mode drive circuit as claimed in claim 1 or claim 2

wherein the first winding part and second winding part are at least

partially arranged in bifilar configuration.

4 . A switched mode drive circuit as claimed in any one of claims 1 to 3

wherein at least one of the first switch and the second switch

comprises a switching transistor.

5 . A switched mode drive circuit as claimed in claim 4 wherein each of

the first switch and the second switch comprises a switching

transistor.

6 . A switched mode drive circuit as claimed in any one of claims 1 to 4

wherein at least one of the first switch and the second switch

comprises a diode.

7 . A switched mode drive circuit as claimed in any one of claims 1 to 6

wherein the first terminal of the first switch is connected to the first

pole of the energy storage device and the second pole of the

second switch is connected to the second pole of the energy

storage device.



8 . A switched mode drive circuit as claimed in claim 7 wherein the

energy storage device comprises a DC power supply.

9 . A switched mode drive circuit as claimed in any one of claims 1 to 8

wherein the energy storage device comprises a capacitor.

10. A switch mode drive circuit as claimed in any one of claims 1 to 9

wherein an impedance component is provided between the second

terminal of the first switch and the first terminal of the second switch

in parallel with the first winding part and the second winding part.

11. A switch mode drive circuit as claimed in any one of claims 1 to 10

wherein a damping component is provided between at least one of

a) the first pole of the energy storage means and the first terminal of

the second switch and b) the second pole of the energy storage

means and the second terminal of the first switch.

12. A switched mode drive circuit as claimed in any one of claims 1 to

1 wherein the the first and second winding parts are configured in

common mode.



13. A switched mode drive circuit as claimed in any one of claims 1 to

12 wherein the inductive component comprises a primary winding of

a transformer.

14. A switched mode drive circuit as claimed in any one of claims 1 to

1 wherein the inductive component comprises a protection winding

with an intermediate tap between the first winding part and the

second winding part which are configured in a differential mode.

15 . A switched mode drive circuit as claimed in claim 14 wherein the

intermediate tap is connected to an inductive component to be

driven.

16. A switched mode drive circuit as claimed in claim 15 wherein the

inductive component comprises a primary winding of a transformer

to be driven.

17. A method of driving first and second switches in an alternate

switched mode, the method comprising the step of causing a

winding comprising a first winding part and a second winding part to

be used in series between the first and second switches; and

causing the first and second winding parts to be configured in one

of a common mode and a differential mode.
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