10

15

20

25

PHN 14.206 1 © 21 26.01.1993

Drive circuit for a flyback converter with switching transistors in bridge arrangement

The invention relates to a drive circuit for driving a control electrode of a
switching transistor having a main current path in series with a primary winding of a
transformer connected between a first and a second power supply terminal, which dnive
circuit comprises:

a starting resistor connected between the control electrode of the switching
transistor and the first power supply terminal,

a secondary winding of the transformer having a first terminal and a
second terminal, which second terminal is connected to a first main electrode of the
switching transistor in a node,

a coupling capacitor and a series resistor, which are connected in series
between the first terminal of the secondary winding and the control electrode of the
switching transistor, and

a discharge diode connected between the second terminal of the secondary
winding and a tap of the series resistor.

The invention further relates to a pdwer supply circuit with two switching
transistors in bridge arrangement, comprising such a drive circuit.

A drive circuit of the type defined in the opening paragraph is known
from United States Patent US 4,652,984. This known drive circuit is used in a flyback
converter, the connection from the primary of the transformer to the first and the
second power supply terminal being interrupted periodically by means of the switching
transistor. The starting resistor causes the switching transistor to be turned on, after
which the switching transistor is rapidly driven into saturation by positive feedback via
the secondary winding, the coupling capacitor and the series resistance. The switching
transistor is turned off as soon as the current through this transistor exceeds a given
value. The voltage across the secondary winding commutates, i.e. its polarity changes,
and positive feedback via the coupling capacitor and the series resistance helps to turn

off the switching transistor. The discharge diode is then conductive and provides a
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discharging path for the coupling capacitor, which speeds up starting of the switching
transistor in the next switching cycle.

The switching transistor and the drive circuit can also be used in a flyback
converter comprising two switching transistors in a bridge arrangement. The principle
of a bridge arrangement is know from inter alia United States Patent US 4,768,141,
Fig. 1. The bridge arrangement comprises two switching transistors, of which the first
one can connect one terminal of the primary to the first power supply terminal and of
which the second switching transistor can connect the other terminal of the primary to
the second power supply terminal. In order to minimize switching losses the two
switching transistors must be driven with maximal synchronism. One switching
transistor can then be driven in conventional manner, for example with pulse-width
control or in a manner as known from the first-mentioned Patent US 4,652,984 and then
forms the master switching transistor. The other switching transistor can then be driven
by means of the afore-mentioned known drive circuit and then forms the slave switching
transistor because it is turned on and off by the commutation of the voltage on the
secondary winding as a result of the master switching transistor being turned on and off.

A disadvantage is now that the slave switching transistor is turned off
comparatively slowly because the discharge diode limits the commutated voltage on the
control electrode of this switching transistor to approximately 0.7 V. Moreover, the
current required for turning off is limited by that part of series resistance situated
between the discharge diode and the control electrode of the slave switching transistor.
It is an object of the invention to provide a solution enabling the slave switching
transistor to be turned off more rapidly.

To achieve this, in accordance with the invention, a drive circuit of the
type defined in the opening paragraph is characterized in that the drive circuit further
comprises:

a voltage source having a voltage terminal for supplying a bias voltage
which relative to the node is higher than and of the same sign as the forward voltage of
the discharge diode, and

a further switching transistor of a conductivity type opposite to the
conductivity type of the first-mentioned switching transistor, which further switching

transistor has a first main electrode connected to the control electrode of the first-
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mentioned switching transistor, a second main electrode connected to the voltage
terminal and a control electrode coupled to the first terminal of the secondary winding.

The drive circuit comprises a further switching transistor which upon
commutation of the voltage on the secondary winding connects the control electrode of
the first-mentioned switching transistor to the voltage terminal of the voltage source.
Since the voltage of this voltage source is higher than the forward voltage of the
discharge diode the first-mentioned switching transistor is turned off more rapidly.
Moreover, this eliminates the current-limiting effect of the series resistance.

An embodiment of a drive circuit in accordance with the invention is
characterized in that the voltage source comprises: a rectifier diode and a smoothing
capacitor, which are arranged in series between the first terminal and the second
terminal of the secondary winding, the voltage terminal being formed by a terminal of
the smoothing capacitor, which terminal is coupled to the third rectifier diode. The
commutated voltage on the secondary winding is simply and advantageously converted
into a direct voltage by means of the rectifier diode and the smoothing capacitor and

used as a supply voltage for the further switching transistor.

These and other aspects of the invention will now be described and
clarified with reference to the accompanying drawings, in which

Figure 1 is a circuit diagram of a power supply circuit in bridge
arrangement with a drive circuit in accordance with the invention,

Figure 2 is a circuit diagram of a part of an alternative drive circuit in
accordance with the invention,

Figure 3 shows some diagrams to illustrate the operation of a power
supply circuit in bridge arrangement comprising a drive circuit in accordance with the
invention, and

Figure 4 is a circuit diagram of a supplementary circuit for use in a power
supply circuit in bridge arrangement comprising a drive circuit in accordance with the

invention.

In these Figures parts or elements having the same function or purpose
bear the same references.
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Figure 1 shows a power supply circuit in accordance with the invention.
Between a positive power supply terminal 2 and a negative power supply terminal 4,
which is connected to earth, the following parts are connected in a bridge arrangement:
a first switching transistor 6, a second switching transistor 8, a first rectifier diode 10, a
5 second rectifier diode 12 and a primary winding 14 of a transformer which is not shown
as such. The switching transistors 6 and 8 are constructed as, for example, bipolar NPN
transistors. The anode of the first rectifier diode 10 is connected to the negative power
supply terminal 4. The emitter or first main electrode of the second switching transistor
8 is, for example, also connected to the negative power supply terminal 4. However,

10 depending on the manner in which this transistor is driven, the emitter may alternatively
be connected to the negative power supply terminal 4 via an impedance. The collector
or second main electrode of the first switching transistor 6 and the cathode of the
second rectifier diode 12 are connected to the positive power supply terminal 2. The
emitter of the first switching transistor 6 and the cathode of the first rectifier diode 10

15 are connected to one another in a first node 16. The cathode of the second rectifier

diode 12 and the collector of the second switching transistor 8 are connected to one

another 1n a second node 18. The primary winding is connected between the nodes 16

and 18. The transformer comprises a first secondary winding 20 to which a load 24 is

connected via a rectifier diode 22. The cathode of the rectifier diode 22 is connected to
that end of the secondary winding 20 which carries a voltage in phase with the voltage

on the first node 16. The base or control electrode of the second switching transistor 8

receives its drive from a drive circuit 26 of arbitrary construction. The first switching

transistor 6 receives its drive from a drive circuit 28 whose parts are arranged as

follows. A second secondary winding 30 of the transformer has a first terminal 32 and a

second terminal 34, which second terminal 34 is connected to the first node 16.

Alternatively, the secondary winding 30 may be a tap of the primary winding 14, The

voltage on the first terminal 32 is in phase with the voltage on the first junction 16. The

first terminal 32 is connected to the base or control electrode of the first switching
transistor 6 via a coupling capacitor 36 and two series resistors 38 and 40, said base

R Deing also connected to the positive power supply terminal 2 via a starting resistor 42.

A zener diode 44 has its cathode connected to the node between the series resistors 38

 : and 40 and has its anode connected to the first node 16. A rectifier diode 46 has its

Cathode connected to the first terminal 32 of the secondary winding 30 and has its anode
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connected to a voltage terminal 50 vig an optional limiting resistor 48. The voltage
terminal 50 is connected to the second terminal 34 of the secondary winding 30 via a
smoothing capacitor 52. The emitter and the collector of a third bipolar PNP switching
transistor 54 are connected to the base of the first switching transistor 6 and the voltage
terminal 50 respectively. The base-emitter junction of the third switching transistor 54 is
shunted by a resistor 56. The base of the third switching transistor 54 is connected to
the node between the coupling capacitor 36 and the series resistor 38 via a series
arrangement of a diode 58 and a resistor 60, the anode of the diode 58 being situated at
the side of the base of the third switching transistor 54. Figure 2 shows an alternative
circuit arrangement in which the diode 58 takes the place of the resistor 56 and the
resistor 60 is connected between the base of the third switching transistor 54 and the
node between the coupling capacitor 36 and the series resistor 38.

The operation of the power supply circuit will now be explained with
reference to Figure 3, in which Figure 3a shows the current Ip through the primary
winding 14 and the current -Is through the first secondary winding 20 and Figure 3b
shows the voltage Up across the primary winding 14 as a function of time. At the
instant t1 the first switching transistor 6 and the second switching transistor 8 are turned
on. Substantially the entire supply voltage + VA then appears across the primary
winding 14 and the current Ip increases as a linear function of time. At the instant t2
the drive circuit 26 turns off the second switching transistor 8. Briefly after this, at the
instant t3, the second switching transistor is really turned off, so that the voltage Up
across the primary winding 14 is commutated, i.e. its sign is reversed. As a result of
this commutation the first switching transistor 6 is also turned off via the secondary
winding. For a short time interval t3-t4 the current Ip flows through the main current
path of the first switching transistor 6 and the second rectifier diode 12. The voltage Up
across the primary winding 14 is then substantially zero. If the first switching transistor
6 is fully cut off at the instant t4 the voltage Up is commutated again to a value +VA.
Now a current -Is is built up in the secondary winding 20 and via the rectifier diodes 10
and 12 the current Ip decreases to zero. At the instant t5 commutation has ceased, after
which the current -Is decreases again to zero at the instant t6 in a manner which
depends on the type of load 24. At the instant t6 all the energy has been drawn from the
transformer and the voltages across the windings become zero. After this, the switching

transistors 6 and 8 are turned on again.
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Conduction of the first switching transistor 6 is initiated by means of the

starting resistor 42, When the two switching transistors 6 and 8 have been turned on the

positive supply voltage +VA will appear across the primary winding 14. Owing to the
positive feedback via the secondary winding 30, the coupling capacitor 36 and the series
H'_— 5 resistors 38 and 40 the base of the first switching transistor 6 receives an extra positive
drive signal, as a result of which the first switching transistor 6 is rapidly saturated.
The series resistors 38 and 40 limit the base current of the first switching transistor 6
and the zener diode 44 precludes oversaturation when the supply voltage VA is large.
The zener diode 44 may be replaced by a normal diode if this situation does not occur

10 in practice. Upon the commutation at the instant t3 the voltage across the secondary

winding 30 first becomes zero and then goes negative, so that the first switching
’ transistor is turned off. The zener diode 44 now functions as a discharge diode for the
coupling capacitor 36, as a result of which the first switching transistor 6 is turned on
more rapidly in the next switching cycle. However, the negative voltage on the base of
15 the first switching transistor 6 is then limited to -0.7 V. Therefore, turning-off takes a
comparatively long time, particularly because the current which can be drawn from the
base is also limited by the resistor 40. In the time interval t4-t6 the voltage on the first
terminal 32 is negative relative to the voltage on the second terminal 34. The smoothing
capacitor 52 is charged to a negative voltage via the rectifier diode 46 and the optional
20 limiting resistor 48. The base of the third switching transistor 54 receives a negative
- drive signal via the coupling capacitor 36, the diode 58 and the resistor 60 and the
* transistor is turned on. The third switching transistor 54 pulls the base of the first

switching transistor 6 towards a negative voltage below -0.7 V, as a result of which the

first switching transistor 6 is turned off rapidly. The diode 58 prevents the third
switching transistor 54 from being driven in the interval tl-t4, whilst the resistor 56
keeps the base-emitter junction of the third switching transistor cut off. The alternative
circuit shown in Figure 2 has the same effect.

Figure 4 shows a more detailed circuit diagram of a drive circuit 26 for
the second switching transistor 8. The emitter of the second switching transistor 8 is
connected to earth by a resistor 62. The base-emitter junction of a fourth switching
transistor 64 is connected in parallel with the resistor 62, the emitter being connected to
earth. The collector of the fourth switching transistor 64 is connected to the base of the

second switching transistor 8, which base is further connected to the positive power




PHN 14.206 7 : CT b 26.01.1993

supply terminal 2 vig a starting resistor 66. The node between the first secondary
winding 20 and the rectifier diode 22 is connected to the base of the second switching
transistor 8 via a series arrangement of a coupling capacitor 68, a series resistor 70 and

a series resistor 72. The node between the series resistors 70 and 72 is connected to the

5 emitter of the second switching transistor 8 by means of a zener diode 74.

The starting resistor 66, the coupling capacitor 68, the series resistors 70
and 72 and the zener diode 74 operate in the same way and have the same functions as
the respective corresponding elements 42, 36, 38, 40 and 44 of the circuit shown in
Figure L. As soon as the current through the second switching transistor has reached a

10 certain value the fourth switching transistor 64 is turned on, thereby connecting the base
of the second switching transistor 8 to earth. The second switching transistor 8 is turned
off, the voltage across the first secondary winding 20 is commutated and the current Is
flows to the load 24 via the rectifier diode 22. For the remainder the operation is
substantially identical to that of the drive circuit 28 of the first switching transistor 6.

15 Owing to the presence of the resistor 62 and the fourth switching transistor 64 the drive

circuit 26 shown in Figure 4 is self-oscillating.
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Claims
1. A drive circuit for driving a control electrode of a switching transistor (6)

having a main current path in series with a primary winding (14) of a transformer
connected between a first (2) and a second (4) power supply terminal, which drive
circuit comprises:

a starting resistor (42) connected between the control electrode of the
switching transistor (6) and the first power supply terminal (2),

a secondary winding (30) of the transformer having a first terminal (32)
and a second terminal (34), which second terminal (34) is connected to a first main
electrode of the switching transistor (6) in a node (16),

a coupling capacitor (36) and a series resistor (38, 40), which are
connected in series between the first terminal (32) of the secondary winding (30) and
the control electrode of the switching transistor (6), and

a discharge diode (44) connected between the second terminal (34) of the
secondary winding (30) and a tap of the series resistor (38, 40), characterized in that the
drive circuit further comprises:

a voltage source (46, 48, 52) having a voltage terminal (50) for supplying
a bias voltage which relative to the node (16) is higher than and of the same sign as the
forward voltage of the discharge diode (44), and

a further switching transistor (54) of a conductivity type opposite to the
conductivity type of the first-mentioned switching transistor (6), which further switching
transistor (54) has a first main electrode connected to the control electrode of the first-
mentioned switching transistor (6), a second main electrode connected to the voltage
terminal (50) and a control electrode coupled to the first terminal (32) of the secondary
winding (30).

2. A drive circuit as claimed in Claim 1, characterized in that the voltage
source (46, 48, 52) comprises: a rectifier diode (46) and a smoothing capacitor (52),

which are arranged in series between the first terminal (32) and the second terminal (34)
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of the secondary winding (30), the voltage terminal (50) being formed by a terminal of
the smoothing capacitor (52), which terminal is coupled to the third rectifier diode (46).
3. A drive circuit as claimed in Claim 2, characterized in that the control
electrode of the further switching transistor (54) is connected to a node between the
coupling capacitor (36) and the series resistor (38) via a resistor (60), and a diode (58)
is arranged across the control electrode and the first main electrode of the further
switching transistor (54).
4, A drive circuit as claimed in Claim 2, characterized in that the control
electrode of the further switching transistor (54) is connected to a node between the
coupling capacitor (36) and the series resistor (38) via a series arrangement of a diode
(58) and a resistor (60), and a further resistor (56) is arranged across the control
electrode and the first main electrode of the further switching transistor (54).
5. A drive circuit as claimed in Claim 1, 2, 3 or 4, characterized in that the
discharge diode (44) is a zener diode.
6. A power supply circuit comprising two switching transistors (6, 8) in a
bridge arrangement comprising:

a transformer having a primary winding (14) connected between a first
(16) and a second (18) node;

a first switching transistor (6) having a main current path connected
between a first power supply terminal (2) and the first node (16);

a second switching transistor (8) having a main current path connected
between the second node (18) and a second power supply terminal (4);

means (26) for driving a control electrode of the second switching
transistor (8);

a first unidirectional element (10) connected between the first node (10)
and the second power supply terminal (4);

a second unidirectional element (12) connected between the first power
supply terminal (2) and the second node (18), and

a drive circuit (28) for driving a control electrode of the first switching

g
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