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(57) Abstract: The invention relates to an
overvoltage protection circuit (40", 41, 42) for
a power supply (100) comprising a power con-
verter (20), the overvoltage protection circuit
(40") comprising a comparator (OA2). The
overvoltage protection circuit (40", 41, 42) is
configured for using the comparator (OA2) for
comparing the power supply voltage (VDC)
with the reference voltage, and for producing a
power supply shutdown signal (S41 s) on the
shutdown output terminal (41 s) when the
power supply voltage (VDC) exceeds the max-
imal power supply voltage, and for latching
said power supply shutdown signal (S41 s) on
the shut down output terminal (41 s) even if
said power supply voltage (VDC) sub-
sequently drops to a level below the maximal
power supply voltage. The overvoltage protec-
tion circuit (40" further comprises a reset cir-
cuit (41 rc) coupled to the first input (+) of the
comparator (OA2), the reset circuit (41 rc) be-
ing configured for pulling the signal level on
the first input (+) below said reference value
such that the power supply shutdown signal
(S41 s) is reset when a reset signal (S41 1) is
given to the reset circuit (41 rc).
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OVERVOLTAGE PROTECTION CIRCUIT FOR A POWER CONVERTER

The invention relates to an overvoltage protection circuit for a power supply comprising a
power converter. The invention also relates to a power supply comprising such overvolt-

age protection circuit.

it is known from the prior art that power supplies using (AC-DC) power converters are
provided with an overvoltage protection circuit in order to prevent overvoliage to occur on
the output of the power supply. Various ways have been reported to implement such funec-
tionality, such as: crowbar circuits, clamp circuits (using diodes such as Zener diodes,
fransient-voltage-suppression diode, variable resistors, and the like), and overvoltage de-
tectors that send a shutdown signal to the power converter. In some applications the
overvoltage detector is required to latch in the error state when the overvoltage occurs,
which means that even if the power supply voltage subsequently reduces to a level below
the predefined maximal level, the shutdown signal must be maintained.

Several circuits providing this functionality have been reported. One of such circuits will be
discussed in more detail in the detailed description of Fig. 1 and 2. At this stage it is only
mentioned that this circuit makes uses of a comparator having a feedback path compris-
ing a rectifying element. Such circuits are very difficult to design, that is to say that it is
quite difficult to design this circuit such that latching does not occur at start-up of the cir-
cuit. The respective components of this circuit have {o be dimensioned in accordance with

very critical narrow specifications.

The invention has for its object to remedy or to reduce at least one of the drawbacks of

the prior art, or at least provide a useful alternative fo prior art.

The object is achieved through features, which are specified in the description below and

in the claims that follow.

The invention is defined by the independent patent claims. The dependent claims define

advantageous embodiments of the invention.
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In a first aspect the invention relates to an overvoltage protection circuit for a power sup-
ply comprising a power converter. The overvoltage protection circuit comprises a compar-
ator having a first input for connection to an output of the power converter for receiving the
power supply voltage. The comparator further comprises a second input for connection to
a reference voltage in operational use, wherein the reference voltage determines a maxi-
mal power supply voltage for the power converter. The comparator further comprises a
shutdown output terminal. The overvoltage protection circuit is configured for using the
comparator for comparing the power supply voltage with the maximal power supply volt-
age, and for producing a power supply shutdown signal on the shutdown output terminal
when the power supply voltage exceeds the maximal power supply voltage. The overvolt-
age protection circuit is further configured for latching said power supply shutdown signal
on the shutdown output terminal even if said power supply voltage subsequently drops to
a level below the maximal power supply voltage. Such latching functionality may be im-
plemented by using a rectifier element in the feedback loop of the comparator. The over-
voltage protection circuit further comprises a reset circuit coupled to the first input of the
comparator. The reset circuit is configured for pulling the signal level on the first input be-
low said reference value such that the power supply shutdown signal is reset when a reset

signal is given to the reset circuit.

The effects of the overvoltage protection circuit in accordance with the invention are as
follows. When the power supply voltage is below the determined maximal voltage, the
comparator will produce an output value on its output indicating that the determined max-
imal power supply voltage is higher than the power supply voltage. Conventionally, but not
necessarily, this output level is a low voltage level. When the overvoltage protection circuit
subsequently detects an overvoltage, i.e. the power supply voltage exceeds the deter-
mined maximal power supply voltage, the comparator will produce an opposite value on
its output, i.e. a high voltage level on its output. The overvoltage protection circuit is fur-
ther configured to latch this output value, such that the voltage level is mainfained even if
the power supply voltage subsequently reduces to a voltage level below the determined
maximal power supply voltage. Whereas in the prior art solution the circuit has been de-
signed such that it does not latch at start-up, the invention conveniently provides for a
reset circuit, which is configured for pulling the signal level on the comparator down such
that the output voltage of the comparator flips back to its standard value complying with a
power supply voltage being below the determined maximal power supply voltage. The
reset may be simply done by giving a reset signal to the input of the reset circuit. The im-
plications of this added circuit are quite large, because it is now no longer relevant if the
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overvoltage protection circuit latches at start-up. in other words, the design of the circuit
has become much less critical and thereby less difficult. All, what needs to be done is to

give a reset signal in case latching occurs.

An embodiment of the overvoltage protection circuit in accordance with the invention fur-
ther comprises a control circuit for generating the reset signal, wherein the control circuit
has a reset output coupled fo a reset input of the reset circuit for supplying the reset signal
to the reset circuit. The control circuit in this embodiment conveniently provides for the
“intelligence” when to reset the overvoltage protection circuit, for instance when the over-
voltage protection circuit is in the error latching state, while the power supply has to be

started up again.

In an embodiment of the overvoltage grotectian circuit in accordance with the invention
the control circuit has a start-up detection input for being coupled to the power converter
for detecting start-up of the power converter, wherein the control circuit is configured for
generating the reset signal after detection of said start-up. This embodiment solves the
issue of latching at starting up very conveniently by sending out a reset signal by default
when the power converter is started up. Whether or not the overvoltage protection circuit
starts in latching mode or not, is no longer relevant, because the reset signal will set it into
the right mode.

In an embodiment of the overvoltage protection circuit in accordance with the invention
the control circuit comprises a microprocessor. A microprocessor is a very convenient
circuit, which can be used to implement the reset functionality as well as the start-up de-

tection.

In an embodiment of the overvoltage protection circuit in accordance with the invention
the reset circuit is configured to be edge triggered, and wherein the control circuit is con-
figured for generating a reset signal in the form of an edge. When the reset circuit is value
triggered, i.e. the reset is carried out when the reset input is set at a certain value, it might
happen that an unintended reset is carried out. Unintended reset may be caused by the
control circuit (microcontroller) having a fault (hardware or software), which causes the
reset signal to assume a certain level (for instance high level) continuously. In other

words, making the reset circuit edge triggered renders the circuit much more robust.

in an embodiment of the overvoltage protection circuit in accordance with the invention
the reset circuit is configured to be positive-edge triggered, and wherein the control circuit
is configured for generating a reset signal in the form of a positive-edge. A positive-edge
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triggered reset circuit conveniently fits the situation when the reset circuit has fo pull a
node down for resetting using a MOSFET connected between ground the respective node

and ground.

In an embodiment of the overvoltage protection circuit in accordance with the invention
the reset circuit comprises a high-pass filter coupled to an input of a switching element.
When a high-pass filter is provided at the input of the switching element the reset circuit is
automatically turned into an edge-triggered circuit. The conductivity type of the switching
element determines if the reset circuit is positive-edge triggered (NMOST) or negative
edge triggered (PMOST).

in a second aspect the invention relates to a power supply comprising the overvoltage
protection circuit in accordance with the invention. The power supply further comprises:

- an AC input for receiving an AC input voltage;

- a power converter coupled to the AC input, wherein the power converter is config-
ured for converting the AC input voltage into a DC output voltage, wherein the power con-
verter comprises a shutdown input coupled to the shutdown overvoltage protection circuit
for receiving the shutdown signal, and wherein the power converter is configured for shut-
ting down when the shutdown signal is received, and

- a DC output receiving the DC output voltage from the power converter and supply-

ing it as the power supply voltage for external circuits.

This embodiment describes a possible application of the overvoltage protection circuit of
the invention. Yet the invention is not limited to such application per se.

in the following is described an example of a preferred embodiment illustrated in the ac-

companying drawings, wherein:

Fig. 1 discloses a power supply in accordance with the prior art comprising a known

overveoltage protection circuit;

Fig. 2 discloses the overvoltage protection circuit of Fig. 1 in more detail;

Fig. 3 discloses a power supply in accordance with an embodiment of the invention,
and

Fig. 4 discloses part of the overvoltage detector circuit of Fig. 3 in more detail.

Before discussing an embodiment of the invention in more detail, a power supply as
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known from the prior art will be discussed,

Fig. 1 discloses a power supply 100 in accordance with the prior art comprising a known
overvoltage protection circuit 40. The power supply 100 comprises an AC-input 10 for
receiving an AC input voltage. The AC-input is coupled to a power converter 20, which
converts the AC input voltage into a DC output voltage VDC on its outputs + - The out-
puts + - are coupled to a DC-output 30. In many applications it is important that the DC
output voltage VDC does not exceed a certain predefined maximal power supply voltage.
in order to ensure this an overvoltage protection circuit 40 is provided and coupled to the
output as shown. The DC output voltage VDC is fed into the overvoltage protection circuit
40 via input terminals 40i1, 40i2. The overvoltage protection circuit 40 further has an out-
put terminal 40s for supplying a power supply shutdown signal $40s to the power con-
verter 20. The power converter 20 has been provided with a shutdown input 20sd for re-
ceiving the power supply shutdown signal S40s from the overvoltage protection circuit 40.

The power supply 100 of Fig. 1 operates as follows. When an AC input voltage is provided
on the input 10, a DC output voltage VDC will be generated on the output 30. If, for some
reason, the output voltage VDC exceeds a certain predefined maximal power supply volt-
age, the overvoliage protection circuit 40 (overvoltage detector) will generate and send a
power supply shutdown signal S40s to the power converter 20, and the power converter
will subsequently shutdown, such that the DC output voltage VDC becomes zero.

Fig. 2 discloses the overvoltage protection circuit 40 of Fig. 1 in more detail. The heart of
the circuit is a comparator OA1, also being referred to as a comparator. The DC output
voltage VDC is applied to the circuit 40 via said terminals 40i2, 40i1 between which a volt-
age divider circuit is provided built up out of two resistors R6, R7. lt is this voltage divider
circuit, which determines the ratio between a reference voltage VR (applied to the nega-
tive input of the comparator OA1) and the maximal power supply voltage. Expressed dif-
ferently, the comparator OA1 will flip its output value at a value of the power supply voit-
age VDC where the potential at node n67 in between R6, R7 is equal to the reference
voltage VR. The circuit 40 further comprises a feedback path from the output of the com-
parator OA1 to the positive input of the comparator OA1. The feedback path comprises a
series connection of a diode D2 and a resistor as shown in Fig. 2. The diode D2 ensures
that the comparator OA1 latches its cutput value when its output voltage goes high. This
latching is achieved by the fact that the diode gets forward biased in that scenario, estab-
lishing a current path between the output terminal 40s and ground via diode D2, resistor
R5, and resistor R7. The output further comprises a series of capacitors C4, C5, C8,
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which must be carefully dimensioned in order to ensure that the circuit will not enter the

latched state when powering up.

Fig. 3 discloses a power supply 100’ in accordance with an embodiment of the invention.
This embodiment will be discussed in as far as it differs from the known power supply 100
of Fig. 1. The overvoltage protection circuit 40" has been modified. In this embodiment the
circuit 40’ comprises of two parts, namely an overvoltage detector 41 as well as a control
circuit 42. The DC output voltage VDC is fed into the overvoltage detector 41 via input
terminals 41i1, 41i2 similar to Fig. 1. In addition, the overvoliage detector 41 comprises an
cutput terminal 41s for supplying the power supply shutdown signal S41s to the power
converter 20 similar {o Fig. 1. What is clearly new with respect to Fig. 1 is that the over-
voltage detector 41 comprises a reset input terminal 41r for receiving a reset signal S41r.
In this embodiment the reset signal S41r is generated by the control circuit 42 having a
reset output terminal 42r supplying the reset signal S42r {o the reset input 41r of the over-
voltage detector 41. The control circuit 42 comprises a start-up detection input 42i which is
connected to the power converter 20 for receiving a start-up detection signal therefrom. In
this way, the control circuit 42 can detect start-up of the power converter 20. Alternatively,
the output of the power converter 20 might be fed into the control circuit 42 such that it
can detect start-up of the power converter 20. When it comes down to the power supply
shutdown signal 41s, this signal is both into the control circuit 42 as well as directly to the
power converter 20. The reason for this is that the control circuit 42 may also provide a
power supply shutdown signal 842s without the overvoltage detector 41 detecting an
overvoltage. In an embodiment of the invention the control circuit 42 may be microproces-

SOr.

Fig. 4 discloses part of the overvoltage detector circuit 41 of Fig. 3 in more detail. The
figure will be mainly discussed in as far as it differs from Fig. 2. The heart of the circuit 41
is again a comparator OA2. The voltage divider network at the positive input is similarly
build up out of two resistors R3, R4 connected in series via a respective node n34 (cou-
pled to the positive input of the comparator OA2) in order to determine the maximal power
supply voltage in dependence of the reference voltage VR. The feedback circuit similar
comprises a series connection of a diode D1 and a resistor R1. A main difference be-
tween the embodiment of Fig. 4 and the known circuit of Fig. 2 is the presence of a reset
circuit 41rc which is coupled to the positive input of the comparator OA2 and to ground.
The reset circuit 41rc comprises a reset transistor Q1 (a MOSFET) coupled with its drain
to the positive input of the comparator OA2 and with its source to the ground node (con-
nected to the first input terminal 41i1). The gate of the reset transistor Q1 is connected to
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a high-pass filter built up out of a capacitor C2 and a resister R2 as shown. The high-pass
filter in combination with the transistor being an NMOST ensures that the reset circuit 41rc
is positive-edge triggered. The positive edge signal on the gate will result in a short time
that the transistor Q1 is conducting such that the voltage on the positive input of the com-
parator QA2 is quickly pulled to a level below the reference voitage VR such that the out-

put of the comparator OAZ2 flips to a low value.

An advantageous effect of the reset circuit 41rc is that it no longer needs to be avoided
that the circuit starts in latch mode. A simple reset, for instance, right after starting will
ensure that the circuit is in the right mode. In Fig. 4 there is shown only two capacitors C1,
C3 instead of three as in Fig. 2. Moreover, in fact the capacitor C3 that is connected paral-
lel to resistor R4 is optional. Moreover, the dimensioning of the capacitor(s) C1, C3is no
fonger critical and design of the circuit has become much easier.

it shouid be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative embodi-
ments without departing from the scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be construed as limiting the claim. Use
of the verb "comprise” and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The article "a" or "an" preceding an element does
not exclude the presence of a plurality of such elements. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a com-
bination of these measures cannot be used to advantage. In the device claim enumerating
several means, several of these means may be embodied by one and the same item of

hardware.
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Claims

Overvoltage protection circuit (40°, 41, 42) for a power supply (100) comprising a
power converter (20), the overvoltage protection circuit (40’) comprising a com-
parator (OA2) having a first input (+) for connection to an output (30) of the power
converter (20) for receiving the power supply voitage (VDC), the comparator
(OAZ) further comprising a second input {-) for connection to a reference voltage
in operational use, wherein the reference voltage determines a maximal power
supply voltage for the power converter (20), the comparator (OA2) further com-
prising a shutdown output terminal (41s), wherein the overvoltage protection cir-
cuit (40°, 41, 42) is configured for using the comparator (OA2) for comparing the
power supply voltage (VDC) with the maximal power supply voltage, and for pro-
ducing a power supply shutdown signal (S41s) on the shutdown output terminal
(41s) when the power supply voltage (VDC) exceeds the maximal power supply
voltage, and for latching said power supply shutdown signal (S41s) on the shut-
down output terminal (41s) even if said power supply voltage (VDC) subsequently
drops to a level below the maximal power supply voltage, character -
ised in thatthe overvoltage protection circuit (40°) further comprises a
reset circuit (41rc) coupled to the first input (+) of the comparator (OA2), the reset
circuit (41rc) being configured for pulling the signal level on the first input (+) be-
low said reference value such that the power supply shutdown signal (841s) is
reset when a reset signal (S41r) is given to the reset circuit (41rc).

The overvoltage protection circuit (40') according to claim 1, further comprising a
control circuit (42) for generating the reset signal (S41r), the control circuit (42)
having a reset output (42r) coupled to a reset input (41r) of the reset circuit (41r¢)
for supplying the reset signal (S41r, $42r) to the reset circuit (41rc).

The overvoltage protection circuit (40°) according to claim 2, wherein the control
circuit (42) has a start-up detection input (42i) for being coupled to the power
converter (20) for detecting start-up of the power converter (20), wherein the con-
trol circuit (42) is configured for generating the reset signal (S41r, S42r) after de-

tection of said start-up.

The overvoltage protection circuit (40") according to claim 2 or 3, wherein the
control circuit (42) comprises a microprocessor.



10

15

20

25

WO 2017/082740 9 PCT/NO2016/050226

The overvoltage protection circuit (40"} according to claim 2, 3 or 4, wherein the
reset circuit (41rc) is configured to be edge triggered, and wherein the control cir-
cuit (42) is configured for generating a reset signal (S41r, S42r) in the form of an

edge.

The overvoltage protection circuit (40') according to claim 5, wherein the reset
circuit (41rc) is configured to be positive-edge triggered, and wherein the control
circuit (42) is configured for generating a reset signal (S41r, 842r) in the form of a

positive-edge.

The overvoltage protection circuit (40°) according to claim 5 or 6, wherein the re-
set circuit (41rc) comprises a high-pass filter (R2, C2) coupled to an input of a
switching element (Q1).

A power supply (100°) comprising the overvoltage protection circuit (40°, 41, 42)
in accordance with any one of the preceding claims, wherein the power supply
(100’) further comprises:

- an AC input (10) for receiving an AC input voltage;

- a power converter (20) coupled to the AC input (10), wherein the power
converter (20} is configured for converting the AC input voltage into a DC output
voltage (VDC), wherein the power converter (20) comprises a shutdown input
(20sd) coupled to the shutdown overvoltage protection circuit (41) for receiving
the shutdown signal (841s, 842s), and wherein the power converter (20) is con-
figured for shutting down when the shutdown signat (S41s, $42s) is received, and
- a DC output (30) receiving the DC output voltage from the power con-
verter (20) and supplying it as the power supply voltage (VDC) for external cir-

cuits.
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