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clamp comprising a reset switch (8) and reset capaci-
tor (9), for use in particular with a forward converter,
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DESCRIPTION

A LIMITING CIRCUIT FOR AN ACTIVE CLAMP AND A METHOD OF
CONTROLLING A CONVERTER HAVING A LIMITING CIRCUIT

Field of the Invention

This invention relates to DC-DC converters. In particular it relates to
DC-DC converters having an active clamp for the voltage across the

transformer.

Background of the Invention

Forward converters are a class of switched mode power converters,
such as those widely used for DC-DC conversion. Switched mode power
converters can provide either isolated or non-isolated power; in the case of
mains-rectified input power, a transformer is typically provided in order to
provide the isolation. Forward converter are isolated converters which typically
convert one DC voltage to a lower DC voltage level, for example to provide a
12V voltage rail from a rectified mains voltage supply which normally is
between 150 and 400V. It should be noted at the outset, that although, for a
easier understanding of the invention, forward converters will be primarily
discussed herebelow, the invention is not limited to forward converters, but
embraces other types of DC-DC converters. As a non-limiting example, the
invention can be used with fly-back converters, and in this case in particularly,
the operation of the active clamp is essentially the same as for forward

converters.

In a typical forward converter, the primary coil of a transformer is
switchably connected to the rectified mains input, and the output from the

secondary coil is rectified by diodes, then filtered by an output stage
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comprising a series inductor and parallel capacitor. The converter switches at
a frequency which is high relative to the mains cycle.

A primary side switch controls the switching on and off of the
transformer’s primary coil and is typically constructed as a field effect transistor
(FET): it is thus often referred to as the control FET; it is normally provided on
the ground side of the primary coil, and driven by a pulse width modulated
(PWM) signal. The duty cycle (the ratio of the length of time that the second
terminal of the primary coil of the transformer is connected to ground such that
the primary coil is connected across the rectified mains supply, compared to
the total period of the PWM signal) of the control FET determines the
magnitude of the output voltage relative to the input voltage. The node
between the control FET and the primary coil is conventionally termed the half-
bridge node.

When the control FET is opened to disconnect the primary coil from the
supply the transformer needs to be demagnetised. This is typically achieved by
applying a negative voltage across the transformer during the period the
control FET is open. It is known, for example from United States patent
publication US-A-4,441,146, to provide a circuit to limit the excursion of the
voltage at the half-bridge node, by means of an active clamping circuit. An
active clamp comprises series arrangement of a switch and a parallel diode
and capacitor Typically, the parallel diode is integral with the switch, in the
case that the switch is a FET and the parallel diode is the backgate diode of
the FET. One side of the active clamp is connected to the half-bridge node;
the other is connected to a reference DC voltage (which is typically, but not
necessarily), either the input voltage or ground. When the control FET is
switched off, the half-bridge node is clamped via the diode to the voltage on
the capacitor. During the clamping period, the switch in the active clamp circuit
is closed. Due to the higher voltage at the capacitor compared to the input
voltage, the transformer becomes demagnetized.
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Alternative circuits, such as “third winding reset” are known which can
regulate the demagnetisation of the primary coil by other means; however,
active clamping circuits beneficially limit the maximum voltage which can occur

across the control FET.

One disadvantage of known active clamping circuits is the requirement
for the clamping switch, also referred to hereinafter as the reset switch, to be
able to withstand high voltages. As will be described in more detail below, at
times during the switching cycle, the voltage across the reset switch can be
higher than the input voltage, by a “reset voltage”. For a typical 400V input
application, this reset voltage may be as high as 550V or even 600V. As a
result, the reset switch of known active clamping circuits has to be able to
withstand an inconveniently high voltage, and thus must have an undesirably
high reverse voltage breakdown (BVds). Whereas the control FET is generally
an external component, and thus BVds can be selected from a range of
different available voltage ratings for BVds, it would be desirable to be able to
integrate the reset switch - or at least the driver - into the controller IC: for the

controller it is problematic to increase the maximum voltage.

There is thus an ongoing need for a clamping circuit which does not
require such a high breakdown voltage reset switch.

Summary of the invention

It is an object of the present invention to enable an active clamping
circuit that can limit or avoid high voltage across the reset switch, and thereby
reduce or eliminate the need for a high reverse breakdown requirement on the

reset switch.

According to an aspect of the invention there is provided a limiting
circuit configured for use in an active clamping circuit for a DC-DC converter,

the active clamping circuit comprising a series arrangement of a switch (with a
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parallel diode) and a capacitor, wherein the limiting circuit comprises a first
node and a second node, is configured to be connected in series between the
switch and the capacitor such that the first node is connected to the switch and
the second node is connected to the capacitor, and is arranged to, in use, limit
the voltage across the switch.

The limiting circuit is configured to connect the first node either to the
second node or not, in dependence on the voltage at the second node. By
disconnecting the first node from the second node, the limiting circuit prevents

excess voltage being built up across the switch.

Further, there is provided a limiting circuit further comprising a limit
switch connected between the first node and the second node and having a
control terminal which is connected to a non-negative voltage by means of a
resistance, and a bypass diode connected between the first node and the
second node, such that, in use, the voltage across the switch is limited to no
more than an input voltage of the converter less the sum of the non-negative
voltage and a threshold voltage of the limit switch. Since the controller cannot
easily handle negative voltages, the clamping voltage should be positive. To
assure the clamp is on the clamping voltage should be lower than the voltage
on the switch less the threshold voltage. Thus a range of values is possible for

the clamping voltage.

In preferred embodiments, the non-negative voltage is ground. Ground
is a particularly convenient clamping level. The connection to ground thereby
prevents the voltage at the first node from going negative.

In embodiments, there is provided a limiting circuit further comprising a
Zener diode between the first node and the control terminal. Since the first
node, in use, is also in connection with the source of the limit switch, the Zener
diode acts to ensure that the gate-source voltage of the limit switch does not

exceed a predetermined maximum, thus protecting the limit switch.
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In preferred embodiments, there is provided a limiting circuit further
comprising at least one of a first diode connected between the control terminal
and the ground, and a second diode arranged to be connected between the
first node and a terminal of the capacitor opposite that connected to the
second node, and a third diode arranged to be connected between the second
node and a terminal of the switch opposite that connected to the first node.
The terminal of the capacitor opposite that connected to the second node is
hereinafter also referred to as the half-bridge node. Advantageously, the first
diode acts to ensure that the voltage on the gate of the limit switch does not go
below the ground voltage, which could otherwise occur via the drain-gate
capacitance of the limit switch during high transients on the limit switch;
similarly advantageously, the second diode may ensure that the voltage at the
first node is at ground when the half-bridge node is at ground; moreover, the
third diode provides clamping capability of the half-bridge node.

The second diode can also prevent the first node from floating, when

the limit switch is open.

According to another aspect of the invention, there is provided a circuit
arrangement for a DC-DC converter, the circuit arrangement comprising a
limiting circuit as described above and a sub-circuit configured to be connected
between the terminal of the switch opposite the first node and the ground.

Beneficially the sub-circuit comprises a parallel resistor arranged in
parallel with a series combination of a second capacitor and a sense resistor.
The parallel resistor is useful in ensuring that the capacitor’s voltage does not
exceed the input voltage, in the case of leakage through the clamping
capacitor. The sense resistor can be used to check for, for instance, fault

conditions in the transformer.
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Preferably the circuit arrangement further comprises a Zener diode
configured to be connected between the second node and a terminal of the
capacitor opposite to that connected to the second node. Beneficially, the
Zener diode may limit the maximum voltage across the limit switch.
Furthermore, by the inclusion of the Zener diode, the voltage across the
second capacitor can then exceed the input voltage such that the added
voltages of both capacitors equals the required voltage to demagnetise the

transformer.

According to a further aspect of the invention, there is provided a
controller for a forward converter comprising a limiting circuit according to any

preceding claim.

According to a yet further aspect of the present invention, there is
provided a method of limiting the voltage across a switch which forms part of a
clamping circuit for a forward converter, the switch being connected between
an input terminal of the forward converter and a first node, the clamping circuit
further comprising a capacitor connected between a half-bridge node of the
forward converter and a second node, the method comprising connecting the
first node to the second node or clamping to a ground, in dependence on the
voltage at the second node and by means of a limit switch.

Beneficially, the method further comprises limiting the voltage across
the limit switch by means of a series arrangement of a further capacitor and a
sense resistor, the series arrangement being connected, in parallel with a
further resistor, between the terminal of the switch which is opposite the first
node and ground, there being a diode between the terminal of the switch
which is opposite the first node and the input terminal of the forward converter,
together with a Zener diode between the second node and the half-bridge
node.
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These and other aspects of the invention will be apparent from, and
elucidated with reference to, the embodiments described hereinafter.

Brief description of Drawings

Embodiments of the invention will be described, by way of example
only, with reference to the drawings, in which

Fig. 1 is a simplified schematic of a known forward converter
incorporating an active clamp;

Fig. 2 shows first waveforms associated with the forward converter of
figure 1;

Fig. 3 shows the calculated variation of the reset voltage with the input
voltage in an exemplary forward converter;

Fig. 4 shows a simplified schematic of an application of a forward of a
converter including an active clamp integrated into a controller;

Fig. 5 shows a schematic of a forward converter, including an active
clamp with a limiting circuit according to an embodiment of the invention;

Fig. 6 shows various waveforms associated with the circuit of figure 5;
and

Fig. 7 shows a schematic of a forward converter according to a further

embodiment of the invention.

It should be noted that the Figures are diagrammatic and not drawn to
scale. Relative dimensions and proportions of parts of these Figures have
been shown exaggerated or reduced in size, for the sake of clarity and
convenience in the drawings. The same reference signs are generally used to
refer to corresponding or similar feature in modified and different embodiments

Detailed description of embodiments
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A known forward converter including an active clamp is illustrated
schematically in Figure 1. The circuit comprises a transformer 1, having a
primary coil between first and second terminals 10 and 2 respectively and a
secondary coil between third and fourth terminals 3 and 4 respectively, and
turns ratio Np:Ns. The primary coil is switchably connected to a DC input
voltage Vin between node 10 and ground: the first terminal of the transformer
5 is connected to the DC voltage at node 10. A switch 7, generally referred to
as the primary control FET (field effect transistor), or low-side transistor,
connects the second terminal 2 of the transformer 1 to ground. Terminal 2 of
the transformer between the primary coil and the control FET may also be
referred to as the half bridge node. Although there is not a physical second
coil on the primary side, the figure is drawn with the magnetising inductance
(Lm) 6 on the primary side of the transformer, shown separately from the
primary coil.

The secondary coil of transformer 1 is connected to the secondary side
circuit through terminals 3 and 4. The secondary side circuit comprises
rectifying diodes 101 and 102 and an output filter comprising inductor Lsec
103 and output capacitor Cout 104. In this example, the load is shown as a
resistive load 105.

A clamping circuit is provided on the primary side of the transformer 1.
The clamping circuit comprises a switch 8 with backgate diode 81 and a
capacitor 9. Switch 8 is normally a second FET, and generally referred to as
the reset FET or high-side transistor. It is connected between the half bridge
node 2 and capacitor 9, the other terminal of which is connected to the DC
input voltage at supply terminal 10.

As shown in Figure 1 the clamping circuit comprising switch 8, which
includes back-gate diode 81, and capacitor 9 is connected to the supply
voltage at node 10. In other forward or other DC-DC converters in general, the

clamping circuit may, by capacitor 9, equally be connected to ground, or
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another DC voltage, without affecting the way of working of the active clamp

topology.

Various waveforms associated with the forward converter shown in
figure 1 are illustrated in figure 2. From the top, the figure shows at 201 the
status of the primary control FET 7, and at 202 the status of the reset FET 8.
In the both of these waveforms “high” corresponds to the switch being closed,
that is to say the switch is on, and “low” corresponds to the switch being open,
that is to say the switch is off. The voltage at the half bridge node 2, Vug prim,
is shown at 203, and the “magnetising current” through the primary coil at 204.
What is meant by “magnetising current” will be described in more detail below.
Similarly, the voltage across the secondary coil, Vsec, that is to say the voltage
between terminals three and four of the transformer, is shown at 205, and the
current through the secondary side inductor 103, I sec, is shown at 206.

When the primary control switch 7 is on, that is, during the interval Ton,
the voltage 203 at the half bridge node is equal to zero (i.e. it is at ground).
Thus the voltage across the primary coil of the transformer, i.e. the voltage
between node 10 and node 2, (not shown in Figure 2) equals the input voltage.
The voltage 205 across the secondary side of the transformer, i.e. the voltage
between node 3 and 4, is then, based on the characteristics of a transformer,
equal to:

Vire =V 3 (1)

As generally the voltage at the secondary winding of the transformer is
higher then the output voltage, diode 101 will be conducting and the current
Isec through the output coil 103 increases at a rate (neglecting the voltage

drop across the diode) of:

Vv N, —Vout
dllsec — NP (2)
dt L

as shown by curve 206 during the interval Ton (that is, at 262).
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At the same time (that is, during the interval Ton) the current I, through
the magnetizing inductance, illustrated in Figure 1 by a parallel inductor 6,
increases (as shown at 241) by:

dl,, Vy
dt L,

(3)

When the primary control FET 7 is switched off, the current through the
magnetizing inductance 6, which may also be referred to as the magnetizing
current, continues to flow, via the backgate diode of FET 8, into the reset
capacitor 9. The skilled person will appreciate that the back-gate diode is not
a separate component, but is an integral part of the FET due to its
construction. From the moment that the control FET is opened, the
magnetizing current I, will decrease, as shown at 242, at a rate given by:

d[LM :_VRESET (4)
dt L,

Before the magnetizing current reaches zero, and at a predetermined
moment, which can be chosen relatively arbitrarily according to the control
algorithm in use provided that it is after the current starts to flow through the
back-gate diode and before the current reaches zero, the reset FET 8 is
switched on which allows the magnetizing current to flow in the opposite

direction.

Because of the polarity of the reset voltage, there will be a negative
voltage across the primary winding of the transformer when the primary FET 7

is off. The voltage at the secondary winding of the transformer is then:
)

As the voltage across the secondary rectifying diode 101 is then
negative, it will block the current. The current through the secondary coil 103
will continue to flow via the freewheel diode 102, but will decrease by
(neglecting the voltage drop across the diode):
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d[Lsec —_ VOUT (6)
dt Lo

From the above-mentioned formulas of the secondary coil current, the

output voltage can be derived as a function of the input voltage, being:
(7)

where the O is the duty cycle, defined by Ton / Tperiod, Tperiod being the

switching period of the converter.

Before the primary FET 7 is switched on again, the reset switch 8 is
switched off. As the magnetizing current continues to flow towards the DC
input voltage supplied at node 10, this magnetizing current will lower the
voltage Vi prim at the half-bridge node 2 until it reaches the input voltage. At
that time it is clamped at the input voltage Vin, provided that the reflected
output current (lprim = lout * Np / Ns) is higher then magnetizing current.

From the above-mentioned formulas of the primary magnetizing current,
the reset voltage can be derived as a function of the input voltage, being
(neglecting the transition time when the voltage across the primary winding of
the transformer switches from the input voltage to the reset voltage and vice
versa):

Vasser =V o ®)
(1-0)

where the required duty cycle & is chosen according to the input

voltage, transformer ratio and the required output voltage (from equation (7):
Vou ' N,

5: out 9
V]N'Ns ( )

Thus the reset voltage Vgeser has a non-linearly relationship with V.
Figure 3 shows an exemplary plot of the maximum voltage 31 at the Vug priv
node, which is equal to the sum of the input voltage V|y and the reset voltage
VRreseT, as a function of the input voltage, for a forward converter with a fixed

turns ratio. So this also varies non-linearly with input voltage. The figure shows
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that although the input voltage is 400V maximum, the maximum voltage at the
VHe prim NOde can be up to 560V. In the circuit of Figure 1, the primary FETs —
both the reset FET 8, and the control FET 7 — must be able to withstand this
voltage, and thus must have higher breakdown voltage (BVds). Even worse,
taking into account a typical derating factor of 20% (the derating factor is the
margin between the required maximum voltage of the applied components and
the maximum voltage in the application) and possible voltage spikes, the

primary FETs must have a minimum breakdown voltage of 700V.

In most applications, the primary control FET 7 is an external FET. That
is to say, it is a discrete device. Since such discrete devices are available at
different BVds, it is normally no problem to choose the appropriate FET.
However, it would be desirable to be able to integrate the Reset FET 8 into a
control circuit, and thus it is desirable to minimise the BVds of this FET.

Figure 4 shows a simplified application diagram of an exemplary PC
application with an active clamp forward converter. The transformer has a
primary coil 44, switched by means of a discrete control FET 47, and a pair of
secondary coils 45, 46, each of which provide a pair of output voltages (12V
and 5V standby, and 5V and 3.3V respectively), by means of their respective
turns ratios and secondary side circuits. This circuit, which corresponds to a
GreenChip application from NXP Semiconductors, uses a chip-set comprising
a primary controller 41 (such as, for example, the TEA1771 from NXP
Semiconductors), and a pair of secondary controllers 42, and 43 (such as
TEA1782 and TEA 1782, one of which is also a stand-by controller). In such
an application it is desirable to integrate at least part of an active clamping
circuit, including a reset FET 48, into the primary controller 41. (Depending on
the size of the reset capacitor, it may not be possible or practicable to integrate
that into the controller.). Although it may be desirable to integrate these
switches, but is in practice it is very difficult or impossible. The circuit is
therefore implemented with these as external switches. However, their drivers

and levelshifters are integrated. The reason that these switches are external
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are because they have to handle very high currents (up to 20A) and therefore
dissipate high power and need to be cooled via a heatsink.

None-the-less, the primary reset switch only has to handle the
magnetizing current (which is max. up to 0.1A peak) and can therefore be
integrated.

Although it is possible to provide an integrated FET with a BVds of
700V, the additional constraints imposed on integrated components, relative to
discrete components, makes this undesirable. It is desirable to minimize the
maximum voltage across the reset switch, to facilitate an integrated reset

switch.

A circuit in accordance with a first embodiment of the present invention
is shown in Figure 5.

The circuit is similar to the active clamp shown in Figure 1. However, in
this embodiment, the relative positions of the reset capacitor 9 and the reset
switch 8 are exchanged, such that the capacitor 9 is connected to the half-
bridge node and the reset switch 8 is connected to the supply voltage node 10.
In addition, a clamping circuit 12, (hereinafter referred to as a limiting circuit, so
as to avoid confusion with a clamping circuit comprising an active clamp in
foto) is introduced between the reset capacitor 9 and reset switch 8. The
limiting circuit (which acts to limit the voltage across the reset switch, as will be
described below) comprises a switch 14, also hereinafter referred to as a limit
switch. Limit switch 14 has its source and drain connected to the reset switch 8
and reset capacitor 9 respectively at respective first and second nodes 13 and
11. The limit switch 14 includes a bypass diode 140 — which typically is the
back-gate diode of the switch itself, when implemented as a MOSFET. The
gate of the limit switch is connected to ground by means of a resistor 16.
Although not mandatory, in this embodiment a Zener diode 17 is connected
between the gate and source of limit switch 14. Similarly, a further diode 18 is
optionally connected across the grounding 16. Moreover, another optional
diode 19 is provided between the first node 13 and the half bridge node 2.
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Also an optional diode 25 is connected between the second node 11 and the

input voltage node 10.

The voltage at the half bridge node Vi priv is identical to that in the
active clamp of Figure 1 (which thus ensures proper demagnetization of the
transformer). However, the division of this voltage across the active clamp
circuit is different. The voltage at the left side of the reset capacitor, node 11,
equals the voltage at the Vus priv NOde minus the reset voltage (as will be
described below with reference to figure 6.). The voltage Vclamp at node 13
equals the voltage at node 11 when this voltage is higher then ground level
plus the threshold voltage (Vth) of limit switch 14 (which is typically about 3V
since the limit switch is typically implemented as a PMOS device) (i.e. >
0+Vth). When the voltage at node 11 is below this voltage (0+Vth), limit switch
14 is automatically switched off because its gate is connected to ground via
resistor 16. The voltage Vclamp at node 13 is then limited to ground level (0).
Zener diode 17 ensures that the gate-source voltage of the PMOS limit switch
14 is below the maximum specified gate-source voltage, and thus is useful in
protecting the limit switch itself. When the control switch 7 is turned off, the
magnetizing current and reflected output current (via the leakage inductance)
continues to flow. In a conventional circuit this would flow though the backgate
diode 81 of switch 8. But, because of the presence of the limiting circuit this is

no longer possible; rather, the current now flows via diode 25.

Optional diode 19, can be effective in ensuring proper operation of the
reset switch 8, as will now be explained: the reset switch 8 can be turned on by
applying a higher voltage to its gate compared with the voltage at its source.
However, the voltage at the source of the reset switch (that is, at the first node
13) can be up to 400V when the reset switch has to be on. This implies that
the gate must be charged to about 410V. However, this high voltage is not
available and must therefore be generated. A common way to achieve this is
to apply a so called boost capacitor to first node 13 which is charged to about

10V when the voltage at first node 13 is zero. Once the voltage at first node 13
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increases, the voltage at this charged capacitor stays then at 10V relative to
the voltage at first node 13. To be able to charge this capacitor with at 10V
voltage source, the voltage at first node 13 must become zero, which is
achieved by optional diode 19. If diode 19 was not present, node 1 is floating

when the limit switch is open and the boosting circuit does not work properly.

Various waveform associated with this embodiment are shown in Figure
6. Figure 6 shows, from the top, the statuses 21 and 22 of the control switch
7 and reset switch 8, and the voltage 23 at the half bridge node 2, all of which
are the same as those shown in Figure 2. However, the figure also shows at
61 the voltage Vclamp at node 13 (dashed line) and at 62 the sum of the half
bridge voltage Vus priv @nd the reset voltage Vreser (solid line). That is to say,
the Figure shows at 62 the voltage at the second node 11.

While the control switch is on (that is, during period Ton), the voltage
Vclamp at 611 is prevented from going negative, by virtue of the fact that the
Vclamp node 13 is clamped to a threshold voltage by limiting circuit 12. The
voltage across the reset switch 8 is thus equal to the input voltage (Vin) minus
the threshold voltage. Equally, during the period when the control switch 7 is
off, the voltage Vclamp at the node 13 is tied to the input voltage V|, by virtue
of the fact that the reset switch 8 is closed, and, trivially, there is no voltage
across the reset switch (neglecting the effects of the switch’s on-resistance
Rdson). It is thus seen that at all times the voltage across the reset switch is

no more than the input voltage of V|n.

A diode 18 may optionally be placed in parallel with the resistor 16:
inclusion of such a diode ensures that the gate of limit switch 14 will never be
below ground level which could otherwise occur via capacitor 9 and the
parasitic gate-drain capacitance of switch 14 when control switch 7 is turned

on.
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Further, a second diode 25 may be placed between the input node 10
and node 11; inclusion of such a diode 25 ensures that the voltage across
primary control FET is properly clamped in case the clamping circuit reacts too
late. Thus, as shown at 613 in Figure 6, the clamping is effected even prior to
closing at the reset switch 8 Although some level of clamping would be
provided via the back-gate diodes of reset switch 8 and limit switch 14, to
ensure fast and rebust operation an external parallel diode 25 is used.
Another advantage of this diode is that, because of the transformer’s leakage
current, a high current spike can flow via this diode and therefore the clamping

circuit can be designed for a low current.

Moreover, a diode may optionally be placed between node 13 and 2;
inclusion of such a diode ensures that the voltage at node VcLamp is at ground
level whenever the primary control FET 7 is on. Beneficially, this may ensure a

good boosting supply of the driver stage that controls the reset switch 8.

It will be apparent to the skilled person that with the above arrangement,
the transformer ratio can be changed (thereby increasing Vreser) without
increasing the maximum voltage at the reset switch, with the advantage of
lowering the maximum voltages at the secondary side of the forward converter.
In particular, when changing the transformer ratio (lowering Ns), the voltage at
the secondary side reduces according to the previous mentioned formulas:

N
Ve =Vipy =% 10
SEC IN NP ( )
N
Ve =V apspr - — (11)
SEC RESET NP

The advantage of lowering the secondary voltage is that the required
breakdown voltage of the secondary diodes reduces. In the circuit Figure 4 the
secondary diodes are replaced by FET to increase the efficiency of the

system. A lower breakdown voltage of these FETs will reduce the price of
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these FETSs.
Changing the transformer ratio implies that also the duty cycle increases:
N
VOUT:6'VIN'N_S (12)

P
and as a result, the reset voltage increases:
Vassor =V o (13)
(1-0)

which again implies that the required breakdown of the primary switches have
to be increased. According to embodiments of the inventions it is possible to
do so, without actually increasing the breakdown voltage of the reset switch.

A circuit in accordance with a further embodiment of the present invention
is shown in figure 7. This figure shows an active clamping circuit applied in a
forward converter, which circuit is generally similar to that shown in Figure 5.
Thus the active clamping circuit again consists of a reset switch 8, a limiting
circuit 12 and a reset capacitor 9. However, in this embodiment the drain of the
reset switch 8 is connected to a first terminal of capacitor 21 which has its
second terminal at a node 24 which is connected via a sense resistor 23 to
ground. Further, an additional diode 26 is introduced in series between the
reset switch 8 and the input voltage node 10. Finally, an optional Zener diode
22 may be included in parallel with the capacitor 9, that is to say between the

second node 11 and the half bridge node 2.

Operation of this circuit is in general identical to that of the first
embodiment; however, diode 26 ensures that the minimum voltage across
capacitor 21 equals the input voltage. Resistor 20 is included in order to
ensure that, in the event of leakage from capacitor 9, the voltage across
capacitor 21 does not increase above the input voltage.

Advantageously, in this embodiment, by including a sense resistor 23, the
voltage at node 24 (relative to ground), is a measure of the magnetizing
current through the transformer. Once the voltage at node 24 exceeds a
certain level, it indicates a fault condition, such as a shorted transformer.
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Use of an extra series capacitor 21 provides another advantage in that, by
applying a Zener diode 22 across the reset capacitor 9, the DC voltage
deviation between the two capacitors 9 and 21 can be controlled to any level:
if, for instance, a zener diode of 50V is used, the voltage at capacitor 21
equals the maximum voltage at the half bridge node 2 Vyg priv minus 50 V,
since the Zener diode 22 constrains the voltage across reset capacitor 9 to be
no more than the Zener’s breakdown voltage of 50V. The required BVds of the
PMOS limit switch14 then also need be no higher than 50V (before taking into
account the necessary design margins for input voltage transients and
possible derating requirements).

In summary, then, from one viewpoint a limiting circuit for an active
clamp comprising a reset switch and reset capacitor, for use in particular with a
forward converter, has been disclosed. The limiting circuit provides for limiting
the voltage across the reset switch by disconnecting the reset switch from the
reset capacitor during a part of the switching cycle when the voltage across
reset capacitor is too negative. The reset switch may be grounded by the
limiting circuit or clamped to another reference voltage. In another
embodiment of the reset switch is capacitively coupled to ground and thereby
enabling detection of fault conditions Further, the voltage across a switch of
limiting circuit may be constrained by the breakdown value of a Zener diode.

From reading the present disclosure, other variations and modifications
will be apparent to the skilled person. Such variations and modifications may
involve equivalent and other features which are already known in the art of
forward converters, and which may be used instead of, or in addition to,
features already described herein.

Features which are described in the context of separate embodiments
may also be provided in combination in a single embodiment. Conversely,

various features which are, for brevity, described in the context of a single
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embodiment, may also be provided separately or in any suitable
sub-combination.

For the sake of completeness it is also stated that the term "comprising”
does not exclude other elements or steps, the term "a" or "an" does not
exclude a plurality, a single processor or other unit may fulfil the functions of
several means recited in the claims and reference signs in the claims shall not

be construed as limiting the scope of the claims.
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CLAIMS

A limiting circuit (12) configured for use in an active clamping circuit for
a DC-DC converter,

the active clamping circuit comprising a series arrangement of a switch
(8) and a capacitor (9),

wherein the limiting circuit (12) comprises a first node (13) and a second
node (11),

is configured to be connected in series between the switch (8) and the
capacitor (9) such that the first node (13) is connected to the switch (8)
and the second node (11) is connected to the capacitor (9),

is configured to connect the first node (13) to the second node (11) or
not, in dependence on the voltage at the second node (11),

and further comprises a limit switch (14) connected between the first
node and the second node and having a control terminal which is
connected to a non-negative voltage by means of a resistance (16), and
a bypass diode (140) connected between the first node and the second
node, such that, in use, the voltage across the switch (8) is limited to no
more than an input voltage of the converter less the sum of the non-

negative voltage and a threshold voltage of the limit switch (14).

A limiting circuit according to claim 1, wherein the non-negative voltage
is ground.

A limiting circuit according to claim 1, further comprising a Zener diode
(17) between the first node and the control terminal.

A limiting circuit according to claim 2 or 3, further comprising at least
one of a first diode (18) connected between the control terminal and the
ground, and a second diode (19) arranged to be connected between the
first node (13) and a terminal (2) of the capacitor (9) opposite that

connected to the second node (11), and a third diode(25) arranged to



10

15

20

25

30

WO 2010/143124 PCT/IB2010/052522

21

be connected between the second node (11) and a terminal of the
switch (8) opposite that connected to the first node (13).

A circuit arrangement for a DC-DC converter, the controller comprising
a limiting circuit (12) according to any of claims 1 to 3 and a sub-circuit
(20,21,23) configured to be connected between the terminal of the
switch (8) opposite the first node and the ground, wherein the sub-
circuit comprises a parallel resistor (20) arranged in parallel with series
combination of a capacitor (21) and a sense resistor (23).

A circuit arrangement according to claim 5 , further comprising a Zener
diode (22 ) configured to be connected between the second node and a

terminal of the capacitor opposite to that connected to the second node.

A controller for a forward converter and comprising a limiting circuit (12)

according to any preceding claim.

A method of limiting the voltage across a switch which forms part of a
clamping circuit for a forward converter,

the switch being connected between an input terminal of the forward
converter and a first node,

the clamping circuit further comprising a capacitor connected between a
half-bridge node of the forward converter and a second node,

the method comprising connecting the first node to the second node or
clamping to a ground, in dependence on the voltage at the second node
and by means of a limit switch.

The method of claim 8, further comprising limiting the voltage across the
limit switch by means of a series arrangement of a further capacitor
and a sense resistor, the series arrangement being connected, in
parallel with a further resistor, between the terminal of the switch which

is opposite the first node and ground, there being a diode between the
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terminal of the switch which is opposite the first node and the input
terminal of the forward converter, together with a Zener diode between
the second node and the half-bridge node.
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