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FIELD OF THE INVENTION

The present invention relates to a protection system for a resonant converter with
synchronous rectifiers.

PRIOR ART

Several types of converters are known for use in power supply systems, where there
is a need to convert an AC power to a controlled DC power. The AC power will
usually be supplied from an AC power source, such as the mains. The DC power is
supplied to equipment such as telecommunication equipment, broad band data
communication equipment, military equipment, medical equipment etc.

Several such converters are known. For example is a boost converter shown and
described in “Power Electronics: converters, applications, and design”, 2" ed., by
Mohan, Undeland and Robbins in chapter 7-4. In the same book, different DC-DC
converter topologies are described in chapter 10-4 and 10-5. Synchronous rectifiers
are also known in the art, to further control the output voltage of power supply
systems.

The requirements for the DC power can vary, but usually it is important to keep the
DC voltage within certain boundaries and also to protect the DC side from
irregularities in the voltage/current on the AC side. Failures may also occur in the
load, which causes a surge voltage or current to enter the power supply system from
the DC side.

Consequently, it is important to protect both the electrical components of the
telecommunication equipment, i.e. the load, and also to protect the electrical
components of the power supply system itself.

The switches of the power supply systems are more and more being controlled
digitally, for example by means of a programmed digital signal processor (DSP).
The DSP receives voltage and current measurements from sensors in the power
supply system, and calculates the current state continuously. If one or some of the
measurements indicate that a dangerous state has occurred, for example that the
input voltage is above a certain level, the DSP provides for that the system goes into
a failsafe mode, for example by turning off all switches of the system.

However, there are some disadvantages related to the above control system. The
DSP can, in certain situations, be busy with calculations, thereby causing the
failsafe mode to be delayed, thereby causing components to be damaged by the
surge voltage. Mgreqver, it h;as been found difficult to predict all possible failure
situations and combinations of failure situations and program those into the DSP.
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The object of the invention is to provide an improved protection system where the
disadvantages mentioned above are avoided.

SUMMARY OF THE INVENTION

The present invention relates to a protection system for a resonant converter with
synchronous rectification, where the resonant converter is comprising a control
system for providing control si gnals to first and second rectifier switches of the
converter, characterized in that the protection system comprises:

- a first sensing means for measuring the voltage over the first rectifier switch
and a second sensing means for measuring the voltage over the second rectifier
switch;

- comparator circuits for comparing the measured voltages from the first and
second sensing means with a predetermined threshold value Vref;

- an override circuit for each of the first and second rectifier switches, for
overriding the control signal from the control system when the measured voltage
over the opposite rectifier switch is below a predetermined threshold value Vref.

In an aspect of the invention, the override circuit comprises a first input terminal
receiving the control signal from the control system, a second input terminal
receiving an override signal from the comparator circuit, and an output terminal
connected to a gate terminal of the rectifier switch either directly or by means of a
gate driver circuit.

In an aspect of the invention, the rectifier switch is turned OFF when overridden by
the protection system.

In an aspect of the invention, the override circuit for the first rectifier switch
receives an override signal when the voltage over the second rectifier switch is
below the predetermined threshold value Vref and that the override circuit for the
second rectifier switch (Sr2) receives an override signal when the voltage over the
first rectifier switch (Sr1) is below the predetermined threshold value Vref.

In an aspect of the invention, the override circuits comprise a logic AND circuit
element.

In an aspect of the invention, the override circuits comprise a diode connected with
its anode to a gate driver circuit for the second rectifier switch and to the control
signal for the second rectifier switch and with its cathode to the output of the
comparator circuit.

In an aspect of the invention, the converter is 2 LLC serigs resapapt popyerter with
synchronous rectification. C
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The present invention also relates to a resonant converter with synchronous
rectification, characterized in that it comprises a protection system as described
above.

DETAILED DESCRIPTION

Embodiments of the invention will now be described with reference to the enclosed
drawings, where:

Fig. 1 illustrates the topology of a first embodiment of the invention,

Fig. 2a and 2b illustrate an embodiment of the override circuits for the two rectifier
switches respectively;

Fig. 2¢ illustrates an alternative embodiment of the override circuit for one of the
rectifier switches.

The first embodiment of the invention is illustrated in fig. 1, where it is shown a
DC-DC converter with a synchronous rectifier. More specifically, the converter is a
LLC series converter with a synchronous rectifier.

The DC-DC converter would normally be connected to an AC/DC converter (not
shown), for example a bridgeless boost converter. In the present embodiment, the
input terminals of the DC-DC converter isa positive boost output terminal Obp and
a negative boost output terminal Obn of such a bridgeless boost converter. It should
be noted that the input terminals can be another DC source, for example the output
terminals of another type of AC/DC converter.

A boost capacitor Cb1 is connected between the terminals Obp and Obn, as shown
in fig. 1.

The DC-DC converter comprises a first dc-dc switch Sdcl connected between the
positive output terminal Obp of the boost converter and a third node 3 and a second
de-de switch Sdc2 connected between the negative output terminal Obn of the boost
converter and the third node 3.

A de-dc inductor Ldc is connected between the third node 3 and a first input
terminal of a transformer device Tdc. A dc-dc capacitor Cdc is connected between
the negative output terminal Obn of the boost converter and a second input terminal
of the transformer device Tdc.

The topology on the secondary side or output side of the DC-DC converter is often
referred to as a synchronous rectifier.
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Here, a first rectifier switch Srl is connected between a first output terminal of the
transformer device Tdc and a negative dc-dc output terminal Odcn.

A second rectifier switch Sr2 is connected between a second output terminal of the
transformer device Tdc and the negative dc-dc output terminal Oden.

A positive dc-dc output terminal Odcp is connected directly to a third output
terminal of the transformer device Tdc. The third output terminal is an output
terminal between the first and second output terminals, and consequently, the
voltage level at the third terminal is between the voltage levels at the first and
second terminals. In the present embodiment, the number of windings between the
first and third terminal is half of the number of windings between the first and
second terminals.

A rectifier capacitor Cr is connected between the positive dc-dc output terminal
Odcp and the negative dc-dc output terminal Oden.

The converter comprises a control system (illustrated with dashed lines) for
controlling the first and second rectifier switches Sb1, Sb2. The control system will
also be controlling the dc-dc switches Sdcl, Sdc2 (even though not shown in fig. 1).
The operation of the control system is based on input from sensors that measures
voltages and/or currents in the converter. In fig. 1 it is shown that the output voltage
over the rectifier capacitor Cr is used as an input to the control system, however,
other parameters can be used as well. The control system can be of a type that is
known for a man skilled in the art, and will not be described here in detail.

The control system controls the switches to provide an optimal (i.e. regarding
quality, regarding specified voltage and current output etc) output power to the
positive and negative dc-dc output terminals Odcp, Odcn.

The elements of the protection system according the present embodiment are
illustrated in fig. 1. The protection system comprises a first sensing means or first
sensor 1 and a second sensing means Or second sensor 2. The first sensor 1 is
measuring the voltage Vsrl over the first rectifier switch Sr1. The second sensor 2
is measuring the voltage Vsr2 over the second rectifier switch Sr2.

The protection system also comprises first and second override circuits OC1 and
0OC2, as shown in fig. 1. Also the control signals from the control system are input
to the respective override circuits. The override circuits will be described in detail
below.

Moreover, the protection system uses a reference voltage Vref for the voltage over
the respective rectifier switches Sr1 and Sr2. The reference voltage Vref will be
dependent of the components that are chosen in the topology, however, it must be so
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large that dangerous operation is avoided, and at the same time should not be to
large to reduce power efficiency.

The protection system also comprises comparator circuits to provide a comparison
of the following parameters to provide the override functionality:

1: If Vsr1 < Vref, then disable control signal to the second rectifier switch Sr2. If
not, enable control signal to rectifier switch Sr2. The protection system provides
this by an override signal to the second override circuit OC2.

2- If Vsr2 < Vref, then disable control signal to the first rectifier switch Srl. If not,
enable control signal to rectifier switch Srl. The protection system provides this by
an override signal to the first override circuit OC1.

It should be noted that the override signal for the first rectifier switch Srl is based
on the voltage measurement of the second sensor 2 and the override signal for the
second rectifier switch Sr2 is based onthe voltage measurement of the first sensor
1.

As mentioned above, the protection system comprises an override circuit OC1, OC2
for each of the respective rectifier switches Sr1, Sr2. The override circuit could for
example comprise a logic AND circuit element, where the control signal from the
control system and the override signal from the protection system are input to the
logic AND circuit element, and where the output of the logic AND circuit element
is connected directly to the trigging or gate terminal of the respective switch,
according to points 1 and 2 above, ortoa gatedriver circuit for the respective
switches, to ensure that the voltage or current at the gate terminal of the switch is
sufficient to turn the switches ON/OFF. Override circuits for the first and second
switch Sr1 and Sr2 are illustrated in fig. 2a and 2b respectively.

In this configuration, the default output of the protection system would be logic 1,
i_e. no override of the control system, and the switch will be turned ON and OFF
depending on the control si gnal (logic 1 and logic 0 respectively). If a dangerous
state is detected by the protection system, the output of the protection system would
be logic 0 and consequently the output of the logic AND circuit element would also
be logic 0. Hence, the output trigging signal would change to logic 0, i.e. the switch
will be turned OFF independent of the control signal from the control system.

As known for a man skilled in the art, a logic AND functionality could be
implemented in many ways, also by means of an analogue circuit. Such an
embodiment is illustrated in fig. 2c for switching the second rectifier switch Sr2.
Here, the protection system is shown to comprise a comparator means by means of a
comparator for comparing the voltage reference Vref and the voltage Vsrl over the
first switch Sr1. The second override circuit OC2 comprises a diode connected with
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its anode to the gate driver circuit for Sr2 and to the control signal for the second
switch Sr2 from the control system and with its cathode to the output of the
protection system. Hence, if the protection system detects a dangerous state, i.e.
Vsrl < Vref, the output of the comparator turns to a state LOW, and consequently,
the control signal from the control system is clamped to zero by means of the diode
of the second override circuit OC2. If no dangerous state is detected, i.e. Vsrl is not
less than Vref, the comparator turns to a state HIGH, and consequently, the control
signal is forwarded to the gate driver circuit.

It should be noted that the first override circuit OC2 can be provided
correspondingly to the second override circuit described above.

According to the present embodiment, the protection system is independent of the
control system, since both systems are provided with separate inputs and separate

control functionality. The connection to the input terminals of the override circuits
is what they have in common.
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CLAIMS

1. Protection system for a resonant converter with synchronous rectification, where
the resonant converter is comprising a control system for providing control signals
to first and second rectifier switches (Sr1, Sr2) of the converter, characterized in
that the protection system comprises:

- a first sensing means (1) for measuring the voltage over the first rectifier
switch (Sr1) and a second sensing means (2) for measuring the voltage over the
second rectifier switch (Sr2),

- comparator circuits for comparing the measured voltages from the first and
second sensing means (1,2) with a predetermined threshold value Vref;

- an override circuit (OC1, OC2) for each of the first and second rectifier
switches (Srl1, Sr2), for overriding the control signal from the control system when
the measured voltage over the opposite rectifier switch (Srl, Sr2) is below a
predetermined threshold value Vref.

2. System according to claim 1, characterized in that the override circuit comprises
a first input terminal receiving the control signal from the control system, a second
input terminal receiving an override signal from the comparator circuit, and an
output terminal connected to a gate terminal of the rectifier switch either directly or
by means of a gate driver circuit.

3. System according to claim 1, characterized in that the rectifier switch is turned
OFF when overridden by the protection system.

4. System according to claim 1, characterized in that the override circuit for the first
rectifier switch (Sr1) receives an override signal when the voltage over the second
rectifier switch (Sr2) is below the predetermined threshold value Vref and that the
override circuit for the second rectifier switch (Sr2) receives an override signal
when the voltage over the first rectifier switch (Srl) is below the predetermined
threshold value Vref.

5. System according to claim 1, characterized in that the override circuits (OC1,
0C2) comprise a logic AND circuit element.

6. System according to claim 1, characterized in that the override circuits (OCl,
0C2) comprise a diode connected with its anode to a gate driver circuit for the.
second rectifier switch (Sr2) and to the control signal for the second rectifier switch
(Sr2) and with its cathode to the output of the comparator circuit.

7. System according to claim 1, characterized in that the converter is a LLC series
resonant converter with synchronous rectification.



n, characterized in that it

8 Resonant converter with synchronous rectificatio
7.

comprises a protection system according to any of claims 1 -
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