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(57) Abstract: A bi-directional switch for a power converter comprises first and second transistors (SW1, SW2) and a floating
supply capacitor (C2) associated with the second transistor (SW2). The drive circuit and/or gate of the first transistor (SW1) is
charged by the floating supply capacitor (C2) of the second transistor (SW2). The charging takes place at a predetermined moment
in the switching cycle, and in particular at a moment in the switching cycle when the voltage across the bi-directional switch is

substantially a minimum.
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DESCRIPTION

BOOSTING TECHNIQUE FOR A BI-DIRECTIONAL SWITCHIN A
POWER CONVERTER

The present invention relates to the field of power conversion. The
invention is particularly, although not exclusively, for use in controlling a bi-

directional switch in a switched mode power converter.

Switched mode power converters are widely used in the electronics
industry to convert one DC level voltage to another for supply to a load.
Typically, a transformer is provided which isolates the voltage source on the
primary side from the load on its secondary side. The input DC voltage is
periodically switched across the primary side of the transformer using one or
more power switches. Energy is stored in an output inductor and a regulated
voltage is supplied to the load on the secondary side by switching the flow of
current into the output inductor. Circuitry on the secondary side rectifies the
switched and isolated voltage across the secondary winding.

Figure 1 shows the secondary side of a forward DC/DC power converter
as described in co-pending European Patent Application No 05 101 931.3. In
the arrangement of Figure 1, the secondary side rectifier circuit comprises a
first output filter Coyt coupled to the secondary winding, and a bi-directional
switch, formed from first and second MOSFET devices SW1, SW2, coupled in
anti-series in common drain mode between the secondary winding and the first
output filter. A freewheeling diode SW3, connected in shunt with the
secondary winding, conducts current to the load R,s¢ when no voltage or a
negative voltage is present across the secondary winding. The bi-directional
switch is operable to block current between the secondary winding and the first
output filter, thereby (temporarily) isolating the secondary side of the converter

from the secondary winding of the transformer.
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The use of a bi-directional switch provides the advantage that the
secondary side can be switched off or can be regulated independently at the
secondary side. When the bi-directional switch is placed high side, as
illustrated in Figure 1, several independent outputs can be taken from the
same secondary transformer winding, making it suitable for PC applications
which require a plurality of different voltage levels. DMOS transistors, which
are able to withstand relatively high voltages, are typically used to form the bi-
directional switch (SW! and SW2), and the use of vertical DMOS transistors
enables the circuit to be integrated into a single chip.

Figure 2 illustrates typical signals at both sides of the bi-directional
switch (i.e. voltages at node X and node Y) during a normal switching cycle of
the power converter when the bi-directional switch is placed at the high side of
the secondary transformer, as shown in Figure 1.

At about t=10us, transistors SW1 and SW2 are off and transistor SW3
is on. The voltage at the secondary side of the transformer is negative (VN(X)
= -20V) and the coil current I flows through transistor SW3. Shortly
thereafter, the voltage across the secondary winding of the transformer
reverses (VN(X) = +20V).

At about t=11.4us, transistor SW2 is switched on and transistor SW3 is
switched off. The coil current I will first flow through the body diode of
transistor SW3, so node Y goes one diode voltage negative. Node X is pulled
to a voltage that is one diode voltage higher than node Y because transistor
SW1 is still off, so the voltage at node X (VN(X)) falls to almost zero. The
skilled person will appreciate that it is possible to switch transistor SW1 on as
soon as node X becomes positive, but in the present example transistor SW1
is switched on when node Y goes positive and transistor SW1 is switched off
when node Y drops to zero again. The input voltage (about 20V in this
example, but it can be more than 60V for a 12V output) is now entirely across
the leakage inductance of the transformer. The current through the secondary
transformer winding and the bi-directional switch increases and the current
through the body diode of transistor SW3 decreases at a rate dependent upon

the size of the leakage inductance (200nH in this example).
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At about t=11.6us, the current through the body diode of transistor SW3
has dropped to zero and the diode blocks. After that the voltage at node X and
Y rise and transistor SW1 is switched on. The parasitic capacitances at nodes
X and Y start resonating with the leakage inductance of the transformer. A
small snubber circuit formed by capacitor CS and resistor RS provides
damping. Because node Y is now at a higher voltage compared to the output
voltage the coil current lc starts increasing.

At about t=15.5us, the input voltage reverses and nodes X and Y are
discharged to zero. Transistor SW1 is switched off and the current will flow
through its body diode. The coil current Il decreases again because the
voltage at node Y has become negative compared to the output voltage. The
negative input voltage is now entirely across the leakage inductance of the
transformer. The current through the secondary transformer winding and the
bi-directional switch decreases and the current through the body diode of
transistor SW3 increases with a rate dependent upon the leakage inductance.
When current is still flowing through the body diode of transistor SW1, node X
is clamped to zero. This time interval is called the commutation time, which
provides some time to switch off transistor SW1.

At about t=15.7us, the current through the body diode of transistor SW1
has dropped to zero and the diode blocks. After that, node X is discharged and
becomes negative (VN(X) = -20V). Transistor SW2 is switched off and
transistor SW3 is switched on. The skilled person will appreciate that if the
commutation time is very short, and transistor SW1 is not yet switched off at
the end off that period, there will be a small time interval in which there is a
short circuit. Node X will remain clamped at zero and a fast rising current
spike in the negative direction will occur. To prevent this the commutation time
can be enlarged by increasing the leakage inductance or by adding extra
series inductance. Alternatively, a better solution would be to switch off
transistor SW1 a little earlier. This could be done with a combination of a delay
and a Phase Locked Loop (PLL) which is locked to the falling edge of node Y.

Figure 3 shows how transistor SW1 is conventionally controlled. In

particular, an extra transformer is used which directly controls the gate of
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transistor SW1. The disadvantage of this technique is the additional cost of
the transformer, which is relatively expensive, and the space taken up by the
transformer on the board. The present invention aims to control the gate of
transistor SW1 in an efficient way without a transformer.

The present invention is concerned with an improved technique for the
control of the bi-directional switch. In particular, the gates of the transistors
have to be switched with respect to their sources. Especially the source of the
first transistor, at the side of the secondary winding, is switched between a
high positive and a high negative voltage. The present invention provides a
technique for switching the gate of this first transistor with respect to its source.

According to a first aspect, the present invention provides a bi-
directional switch having first and second transistors and a floating supply
capacitor associated with the second transistor, wherein the gate of the first
transistor and/or the supply of its gate drive circuit is charged by the floating
supply capacitor at a predetermined moment in the switching cycle.

In one embodiment, the predetermined moment is when the voltage
across the bi-directional switch is a minimum.

In this way, the gate of the first transistor is charged in an accurate, safe
and efficient manner without the need for a transformer. It is achieved with the
lowest possible conduction losses and the gate voltage of the first transistor
will be almost equal to the floating supply voltage of the second transistor,
which in its turn is almost equal to the supply voltage or any other voltage
source from which it is charged.

In one embodiment, a first floating supply capacitor is associated with
the first transistor of the bi-directional switch and a second floating supply
capacitor is associated with the second transistor of the bi-directional switch.
The first floating supply capacitor is arranged to take charge from the second
floating supply capacitor by connecting the top plates of the floating capacitors
together with a switch every time that the bottom plates are connected
together.
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The bottom plates are connected together when both the first and
second transistors are switched on or when the body diode of the first
transistor conducts and second transistor is on.

In another embodiment, the first and second transistors of the bi-
directional switch are connected together in anti-series between a first node
and a second node, and the floating supply capacitor is connected between a
floating supply node and the second node connected to the second transistor,
wherein the floating supply capacitor is connected to charge a drive circuit of
the first transistor. Typically, the drive circuit of the first transistor comprises a
transistor and a diode coupled in series between the floating supply node and
the gate of the first transistor, and directly drives the gate of the first transistor
in response to receiving charge from the floating supply capacitor.

In a further embodiment, the first and second transistors of the bi-
directional switch are connected together in anti-series between a first node
and a second node, and the first floating supply capacitor is connected
between a first floating supply node and the first node connected to the first
transistor, the second floating supply capacitor is connected between a second
floating supply node and second node connected to the second transistor,
wherein a boost switch is provided for coupling together the first and second
floating supply nodes. Typically, a drive circuit is connected in parallel with the
first floating supply capacitor to drive the gate of the first transistor.

The boost switch may comprise a pair of high voltage components
comprising at least one transistor, and the drive circuit of the first transistor
may include a latch and a buffer.

In accordance with the second aspect, the present invention provides a
switched mode power converter comprising a bi-directional switch in
accordance with the first aspect of the present invention connected to one end
of a winding of a secondary side of a transformer thereof.

In one embodiment, the bi-directional switch is connected to the high
side of the transformer of the switched mode power converter.

Further preferred and optional features of the present invention will be

apparent from the following description and the accompanying claims.
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Embodiments of the present invention will now be described, by way of
example, with reference to the accompanying drawings, in which:

Figure 1 is a circuit diagram illustrating the secondary side of a forward
converter as described in co-pending European Patent Application No 05 101
931.3;

Figure 2 is a graph showing exemplary signal waveforms generated in a
switching cycle during the operation of the circuit of Figure 1;

Figure 3 is a circuit diagram illustrating a known arrangement for
controlling the circuit of Figure 1;

Figure 4 is a circuit diagram illustrating a technique for controlling the
circuit of Figure 1 using a single boost (floating supply) capacitor in
accordance with an embodiment of the present invention;

Figure 5 is a schematic circuit diagram illustrating a technique for
controlling the circuit of Figure 1 using two floating supply capacitors in
accordance with a preferred embodiment of the present invention;

Figure 6 is a circuit diagram illustrating a first implementation of the
arrangement of Figure 5;

Figure 7 is a circuit diagram illustrating a second implementation of the
arrangement of Figure 5;

Figure 8 is a circuit diagram illustrating a third implementation of the
arrangement of Figure 5;

Figure 9 is a circuit diagram illustrating a fourth implementation of the
arrangement of Figure 5;

Figure 10 is a circuit diagram similar to Figure 1 illustrating an
arrangement for taking two independent outputs from the same secondary
winding of a forward converter;

Figure 11 is a circuit diagram illustrating a further embodiment of the
present invention, and

Figure 12 is a graph showing exemplary signal waveforms generated in
a switching cycle during the operation of the circuit of Figure 11.
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Figure 4 illustrates how the gate of first transistor SW1 of a bi-directional
switch of a power converter can be driven without a transformer and without
having its own floating supply capacitor, in accordance with an embodiment of
the present invention. Second transistor SW2 is driven according to a well
known boosting principle. In particular, a floating supply capacitor C2 (also
known as a "boost" capacitor) provides a floating supply for the drive circuit of
transistor SW2. A buffer to drive transistor SW2 consists of low voltage
transistors, which are smaller and have more drive capability than high voltage
transistors. The value of floating supply capacitor C2 should preferably be at
least an order of magnitude larger than the gate capacitance of the transistor
SW2 that has to be driven.

In accordance with the present invention, the floating supply of
transistor SW2, floating supply capacitor C2, is also used to charge the gate of
transistor SW1. The circuit configuration is arranged so that at the moment
that transistor SW2 is switched on, and nodes X and Y are above a certain
positive voltage, the gate of transistor SW1 is charged by the floating supply
capacitor C2 via high voltage PMOS transistor Sb2 and high voltage diode Db.
In particular, at the moment when transistor SW2 is switched on, the voltage
across nodes X and Y reduces to substantially a minimum (the voltage across
the bi-directional switch dropping one forward diode voltage lower when
transistor SW1 is switched on). Thus, the drive circuit for the gate of transistor
SW1 charges when the voltage across the bi-directional switch is substantially
a minimum.

The remainder of the switching cycle proceeds as follows. When node
Y falls below a certain positive voltage, transistor SW1 is switched off again by
low voltage transistor T11. This transistor can be switched on and off by
current pulses generated by transistors T2 and T1 respectively. Transistors T9,
T10 and T11 can be low voltage transistors and T1 and T2 are high voltage
transistors. High voltage diodes D1 and D2 block when node X goes above
Vop. The skilled person will appreciate that the present invention is not limited
to the circuit arrangement of transistors and diodes as illustrated in Figure 4.

Rather, many equivalent circuit arrangements are possible.
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The arrangement shown in Figure 4 uses integral high voltage transistor
Sb2 and diode Db. High voltage transistors are relatively large and/or have
less drive capability than low voltage transistors, and high voltage diodes have
a higher series resistance than low voltage ones. In the arrangement of Figure
4, large values for Db and SB2 must be chosen, with consequent high costs
and consumption of valuable die area, otherwise the switching speed of
transistor SW1 will be slow.

Accordingly, an arrangement for driving the gate of first transistor SW1
of a bi-directional switch according to a more advantageous embodiment of
the present invention is shown in Figure 5. This arrangement reduces the
need for the high voltage transistor and diode.

As shown in Figure 5, first and second small external capacitors C2 and
C1 are used to form respective floating power supplies for first and second
transistors SW1 and SW2 of the bi-directional switch. The value of these
capacitors C1, C2 should preferably be at least an order of magnitude larger
than the gate capacitance of the respective transistor SW1, SW2 that it drives.
Node FSx is a floating supply voltage with respect to node X and node FSy is
a floating supply voltage with respect to node Y. A first buffer for switching the
gate of first transistor SW1 has its supply connection to node FSx and its
ground connection to node X, so that it switches the gate of first transistor
SW1 between node X, which is the source of first transistor SW1, and node
FSx, which is about a supply voltage above this source. A second buffer for
switching the gate of second transistor SW2, has its supply connection to FSy
and its ground connection to node Y, so that it switches the gate of second
transistor SW2 between node Y, which is the source of second transistor SW2,
and node FSy, which is about a supply voltage above this source.

The first and second buffers are formed from low voltage transistors and
are controlled by respective first and second latches, which have the same
supply and ground connections as the first and second buffers. The latches
can be set and reset by short current pulses created by high voltage
transistors T1 to T4. High voltage diodes D1 and D2 block when the latch

inputs go below ground when node X goes negative. The breakdown voltage
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of diodes D1, D2 and transistors T1 to T4 should be the same as that of the
power switches SW1 and SW2.

Floating supply capacitor C2 is charged in accordance with a
conventional boosting scheme. In particular, every time node Y is driven to
ground the capacitor C2 is charged to almost VDD through the boost diode
Duwoost Of the second transistor SW2. However, the capacitor C1 is charged in a
safe and energy efficient manner in accordance with the present invention. In
particular, at a predetermined moment during the switching cycle, capacitor C1
is charged by taking charge from capacitor C2. This may be achieved by
connecting the top plates of capacitors C1 and C2 together with a boost switch
SWhoost: The bottom plates of capacitors C1 and C2 are connected together
when both transistor SW1 and transistor SW2 are switched on or when the
body diode of transistor SW1 conducts and transistor SW2 is on. Thus,
referring back to the signal waveforms of Figure 2, transistor SW1 is on in the
time interval t=11.6us to t=15.5us and transistor SW2 is on in the time interval
t=11.4us to t=15.7us. Accordingly, in this example, the best time interval to
connect the two capacitor top plates, by operating switch SWyeost, is from
t=11.6us to t=15.5us. Alternatively, the two capacitor top plates may be
connected together by switching boost switch SWyeost in the time interval
between t=11.4us and t=15.7us. In both of these time intervals, the voltage
across the bi-directional switch is substantially a minimum.

It should be noted that in the embodiment of Figure 5 the charging of
floating supply capacitor C2 may not necessarily be concurrent with driving the
gate of transistor SW1, which may occur later in the switching cycle by
controlling the latch. However, in some implementations, it may be desirable
to charge the gate of transistor substantially concurrently with the charging of
the capacitor C2 using switch SWhyoost.

The switch SWye0st should preferably be capable of blocking current in
both directions and passing current in at least one direction, namely from
capacitor C2 to capacitor C1. SWyeest can be implemented in various forms
and four possible implementations of the switch, and the way in which it is

controlled, will be described in detail below with reference to Figures 7 to 12.
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Generally, these four possible implementation are as follows.

In a first implementation, the boost switch comprises two high voltage
PMOS ftransistors connected in anti-series with their drains connected
together, as illustrated in Figure 6.

In a second implementation, the boost switch comprises a high voltage
PMOS ftransistor and a high voltage diode connected in series as illustrated in
Figure 7.

In a third implementation, the boost switch comprises two high voltage
NMOS transistors connected in anti-series with their drains connected
together, as illustrated in Figure 8.

In a fourth implementation, the boost switch comprises a high voltage
NMOS transistor and a high voltage diode connected in series as illustrated in
Figure 9.

It should be noted that whilst these implementations advantageously
utilise high voltage devices, this is not essential to the present invention. It is
equally possible to use conventional transistor and/or diode devices.

Figure 6 shows the implementation with a pair of PMOS transistors Sb1,
Sb2 connected in anti-series. Transistors Sb1 and Sb2 are high voltage
PMOS transistors with a breakdown voltage substantially equal to that of the
power switches SW1 and SW2. High voltage transistors are used to withstand
the high voltages that arise. Suppose transistor SW1 is closed only when
nodes X and Y are positive and when transistor SW2 is closed. Transistors
Sb1 and Sb2 can then be opened and closed at the same time as transistor
SWH1, as indicated in Figure 6. At start up when the voltage across floating
supply capacitor C1 is zero or very low, transistors SW1 and Sb1 cannot be
switched and should even be held off deliberately until the voltage across
floating supply capacitor C1 has a sufficiently high value. Capacitor C1 is then
charged via the back gate of PMOS transistor Sb1 when PMOS transistor Sb2
is switched on.

Figure 7 illustrates another way to implement SWyeost in which the
PMOS transistor Sb1 of Figure 6 is replaced with a diode Db1. This has the



10

15

20

25

30

WO 2007/010489 PCT/IB2006/052470

11

advantage that the diode Db1 does not have to be controlled, but the
arrangement is a little less efficient because of the larger voltage drop.

It will be appreciated that the boost switch SWyeest Ccan also be
implemented with high voltage NMOS transistors, and an implementation with
NMOS transistors is illustrated in Figure 8. In the arrangement of Figure 8,
since SWhoost is @ high side switch, the gates of the NMOS transistors Sb1,
Sb2 should be boosted sufficiently above their source to be switched on.
Floating supply capacitor C1 can only be charged when NMOS transistor Sb1
is on, but when the voltage on floating supply capacitor C1 at start up is very
low, it cannot be switched and should even be held off deliberately until the
voltage across floating supply capacitor C1 has a sufficiently high value. Thus
an extra charge path is used comprising high voltage diode D3, high voltage
NMOS transistor T7, high ohmic resistor R1 and zener diode D4. This charge
path is active when the voltage across floating supply capacitor C1 is lower
than the zener voltage of diode D4 minus the threshold voltage of transistor T7
and when node X is zero or at a negative voltage. When floating supply
capacitor C1 is properly charged, this extra charge path is automatically cut
off.

As the skilled person will recognise, if this additional charge path were
used as the normal charge path during normal operation and the negative
voltage level at node X were for example -60V and VDD = 12V, the gate drive
loss to drive SW1 would be five times the loss compared to when floating
supply capacitor C1 is charged from capacitor C2, as is described above in
accordance with the present invention. If VDD were 5V, for example, the loss
would be about twelve times as much. This will become more important at
higher switching frequencies.

As shown in Figure 8, an internal boost capacitor Cb1 is charged from
node FSx, via a diode Db1, when SW1 is off. Similarly, an internal boost
capacitor Cb2 is charged from node FSy, via a diode Db2, when SW2 is off.
When transistor SW1 is switched on, the gate of NMOS transistor Sb1 is
pushed above node FSx by floating supply capacitor Cb1 and when transistor
SW2 is switched on, the gate of NMOS transistor Sb2 is pushed above node
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FSy by floating supply capacitor Cb2. Additional transistor Tb1 only provides a
reliable determination of the low level voltage of the gate of NMOS transistor
Sb1 and is switched off when floating supply capacitor Cb1 is lifted. The
current sources I1and 12 can be very small. Additional transistor Tb2 does the
same for the gate voltage of NMOS transistor Sb2 and is switched off when
floating supply capacitor Cb2 is lifted. Switch SB2 can be replaced by a diode
Db as illustrated in Figure 9.

As already mentioned, in the above described implementations, the bi-
directional power switch is placed at the high side of the secondary
transformer winding. This enables several independent outputs to be taken
from the same secondary transformer winding. This is illustrated in Figure 10.
The external vertical DMOS power transistors SW1, SW2 and SW4 can be
integrated into one chip.

When the bi-directional power switch is placed at the low side of the
secondary transformer winding, as illustrated in Figure 11, the techniques of
the invention can be applied in almost the same way. The voltages at nodes X
and Y when using a low side bi-directional power switch are as illustrated in
Figure 12.

Switch SWyeest can be switched on when node X is at ground level or
when node Y is above a certain positive voltage. SW2 has to be switched on
when node X is at a large negative voltage, so its latch is set by high voltage
PMOS transistors T1 and T2. High voltage diodes D1 and D2 block when a
latch input goes above VDD when node X goes positive. Switch SWyeest Can
be implemented in much the same way as described for the high side bi-
directional power switch.

Accordingly, the present invention provides a means for the control of a
bi-directional switch at the secondary side of an isolated switched-mode power
converter. The bi-directional switch is connected at the secondary winding of
the transformer of the power converter, and this node switches between a
large positive and a large negative voltage. The problem is how to switch the
bi-directional switch on and off under these conditions. The present invention

provides a solution to this problem, without the need for an additional
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transformer, by providing an arrangement in which a floating supply capacitor
charges the gate of the first transistor connected to this node, at an
appropriate  moment in the switching cycle. In one embodiment, two
independent floating supplies are used for respective parts of the bi-directional
switch. A special boosting technique is used to feed these floating supplies,
and in particular, the supply at the side of the secondary transformer winding is
charged from the other floating supply at the moment that the bi-directional
switch is closed and both floating supplies are at a large positive voltage. In
embodiments, the charging takes place when the voltage across the bi-
directional switch (first and second transistors) is substantially a minimum.
Thus, in embodiments where the bi-directional switch is connected high side
(e.g. Figures 6-9), this is the moment when the voltage across nodes X and Y
is substantially a minimum, whereas in embodiments where the bi-directional
switch is connected low side (e.g. Figure 11), this is the moment when the
voltage of node X with respect to ground is substantially a minimum.

As the skilled person will appreciate, various modifications and changes
can be made to the described embodiments. For example, whilst the
described embodiments implement the invention in the form of a forward
converter, it may equally well be implemented in other kinds of power
converters. The present invention extends to all such variations that fall within
the scope of the present invention as defined in the accompanying claims.

Although the appended claims are directed to particular combinations of
features, it should be understood that the scope of the disclosure of the present
invention also includes any novel feature or any novel combination of features
disclosed herein either explicitly or implicitly or any generalisation thereof,
whether or not it relates to the same invention as presently claimed in any claim
and whether or not it mitigates any or all of the same technical problems as does
the present invention.

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

embodiment, may also be provided separately or in any suitable
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subcombination. The applicant hereby gives notice that new claims may be
formulated to such features and/or combinations of such features during the
prosecution of the present application or of any further application derived

therefrom.
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CLAIMS:

1. A bi-directional switch for a power converter comprising first and second
transistors (SW1, SW2) and a floating supply capacitor (C2) associated with
the second transistor (SW2), wherein a drive circuit and/or gate of the first
transistor (SW1) is charged by the floating supply capacitor (C2) at a
predetermined moment in the switching cycle of the bi-directional switch.

2. A bi-directional switch as claimed in claim 1, wherein the predetermined
moment in the switching cycle is when the voltage across the bi-directional

switch is substantially a minimum.

3. A bi-directional switch as claimed in claim 1 or claim 2, wherein a first
floating supply capacitor (C1) is associated with the first transistor (SW1) of the
bi-directional switch and a second floating supply capacitor (C2) is associated

with the second transistor (SW2) of the bi-directional switch.

4. A bi-directional switch as claimed in claim 3, further comprising a switch
(SWhoost) connected between respective first plates of the first floating supply
capacitor (C1) and the second floating supply capacitor (C2), whereby the
switch (SWyeost) is Operable to electrically connect the respective first plates of
the capacitors (C1, C2) so that the first floating supply capacitor (C1) takes
charge from the second floating supply capacitor (C2).

5. A bi-directional switch as claimed in claim 4, wherein the switch
(SWhoost) is operated when the respective second plates of the first and second

floating supply capacitors (C1, C2) are connected together.

6. A bi-directional switch as claimed in claim 1 or claim 2, wherein the first
and second ftransistors (SW1, SW2) are connected together in anti-series
between a first node (X) and a second node (Y), and the floating supply

capacitor is (C2) connected between a floating supply node (FSy) and the
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second node connected to the second transistor (SW2), wherein the floating
supply capacitor (C2) is connected to charge a drive circuit (Sb2, Db) of the
first transistor (SW1).

7. A bi-directional switch as claimed in claim 6, wherein the drive circuit of
the first transistor (SW1) comprises a transistor (Sb2) and a diode (Db1)
coupled in series between the floating supply node (FSy) and the gate of the
first transistor (SW1).

8. A bi-directional switch as claimed in claim 7, wherein the drive circuit
directly drives the gate of the first transistor (SW1) in response to receiving

charge from the floating supply capacitor (C2).

9. A bi-directional switch as claimed in claim 3, 4 or 5, wherein the first and
second transistors (SW1, SW2) are connected together in anti-series between
a first node (X) and a second node (Y), the first floating supply capacitor (C1)
is connected between a first floating supply node (FSx) and the first node (X)
connected to the first transistor (SW1), the second floating supply capacitor
(C2) is connected between a second floating supply node (FSy) and the
second node (Y) connected to the second transistor (SW2), wherein a switch
(SWhoost) is provided for coupling together the first and second floating supply
nodes (FSx, FSy).

10. A bi-directional switch as claimed in claim 9, wherein a drive circuit (B1,
latch) is connected in parallel with the first floating supply capacitor (C1) to
drive the gate of the first transistor (SW1).

11. A bi-directional switch as claimed in claim 9 or claim 10, wherein the
switch (SWyeost) cOmprises a pair of high voltage components comprising at

least one transistor.
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12. A bi-directional switch as claimed in claim 9, 10 or 11, wherein the drive
circuit of the first transistor (SW1) includes a latch and a buffer.

13. A switched mode power converter comprising a bi-directional switch as
claimed in any one of the preceding claims connected to one end of a winding

of a secondary side of a transformer thereof.

14 A switched mode power converter as claimed in claim 13, wherein the

bi-directional switch is connected to the high side of the transformer.



WO 2007/010489 PCT/IB2006/052470

1/12

e

Cout

Icoil
—_—

s

G2
L
D2[ | S2

e
FIG. 1

G1
1
S1 | | D1
I_"_I
Swi

CS
RS

————

TR




WO 2007/010489 PCT/IB2006/052470

2/12

yl axis
VN(X) ————
VN(Y) —

y2 axis
I(col) —-—

50.0 21.75

40.0- 21,5

30.0- ol it 21,25

A

20.0- — AR [21.0

10.0

0.0-b——= 30 I 1 W S—— 0.5
T\ 4

~ : H
-10.0- | | f [ 20.25

/ el -20.75

-20.0- 20.0

-30.0 i i : : 19.75
8.0u 10.0u 12.0u 14.0u 16.0u 18.0u

—»t

FIG. 2



PCT/IB2006/052470

WO 2007/010489

3/12

PeolYd

EoUl

T

dl

U [O1JUODA
+




PCT/IB2006/052470

4/12

WO 2007/010489

AN E

IMS)asal W W ,H_ ,H_
|—| eMs |_ o._.H >>ﬂmm_ sl bl _Mmm el _J..mmmL

|_| _V IMS  IMS
o )
u‘:o T UAAAL _ _ _ _ X
" <ot A o]l 61
| px R (HpE] > i
| za 1a
e wil
e T U e H
4 + 1s00oqq zgqs 9 T.Hmmmh _.ﬂsﬂmm

dadaa



PCT/IB2006/052470

S Ol

_V.W_ _Mmm m._W_ _Mmmoh ummmH_ _M._. pmml_ _M._.

EMS u _!
CMS IMS zax 10%

5/12

WO 2007/010489

bl

\ /

UAAAL A _ _ _ _ X
1031 T | _ 1|
) e~ > A/_ o3el- 6._.

(AcT)aan —» ._u —0 _a—
1s00qq  Asd 1S00GMS xS



PCT/IB2006/052470

WO 2007/010489

6/12

9 'Ol

I Bmummmi @4 >>m_ m._. ¢WN_>_Mﬂom._,M_ _mzmummmL ! Bﬂommu_ Wf vl m:.
395 305
IMS TMS ddX 1dx .
P
A L L y
= el |Hee __H > _IAM__ @R D> L
(4] N J 5
e |F| |w|
[ 1
Asd Le! D! s

dadaa



PCT/IB2006/052470

WO 2007/010489

7/12

I zmummm\_l_ @4 >>m_ m

[40)

/ "Dl

Lol Elbpssss pmssslEhpualEL
ZMS19S
-39S -39s
NS ImMs ddX TdZR .
— &
X LT L X
L lem e > <Hem! L
I_H/ 10
@ -
P
ASq XS4
+“88n_ g5 1

adAa



PCT/IB2006/052470

WO 2007/010489

8/12

8 'Ol

dsﬂmmmH_ _M._. I zmumm_ WE. v._,M_ _|N>>ﬂmm m.,w_ _|N>>mummmL

(40

T >>mummmH_ m 1 1 >>mu®m_ q:.

MS  TMS WdX  TdX .

P
ol A . | X
L Lem gl > o< Hme-lpa| L
Teo T P

29a% | = = [% 140

Asd 1sooqQ _Mm_ml_ _MA_“_AmI_ /1 mun_ >
Ty

ddAa



PCT/IB2006/052470

WO 2007/010489

9/12

6 'Ol

.—”>>mu®m®\_|_ _M;l_..—”;muwm_ m:. ._V.:M_ _|N>>m“_0m mﬂ _|N>>mu®m®.‘_ H>>mu®m®‘_|_ WF Hgmumml_m 1
NS IMs ddXxX 1ax .
—
A | | p] X
Llem) Lem > L<H @elpa| L
4o 1= 1D
L
y — +En_ -
Asd SO0 qa i XS
15000d 19S (x|
TH
€a

ada



PCT/IB2006/052470

WO 2007/010489

10/12

OT "OId

ZPeopy _V
Eou ¢>>m
Qnop A ¢m_ [+a
N__OUH
- 1
T u
._. T
TPEOY EMS H__V
szou._- MS IMS 1ome |
— U™ :0al:
TANOA TA ¢S] Ja 1a 1S X
TIoo]
) 19



PCT/IB2006/052470

WO 2007/010489

11/12

IT 'Ol

IMS  IMS

P

X

%
e

e |

gl

<d

18|
1d

L
T

o
1S00gMS
umma_ AR

(AZT)aan

XS4

T—Mmm._




WO 2007/010489 PCT/IB2006/052470

12/12

y1 axis

WN(X) ——-~-
UN(Y) ——

y2 axis
L7y ——

50.0

21.4

40.0+ -21.2

20,0} 4 \L |

M -20.8
A i
10.0-~<

p— = -20.6
H I H
|

|
: {- : :
30.0- | - | 210
H | H H
|
|

0.0

_i7;____;____ - 20.4

-10.0- -20.2

-20.0- -20.0

-30.0 i ] i 19.8
8.0u 10.0u 12.0u 14.0u 16.0u 18.0u

FIG. 12



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings

