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SWITCH MODE POWER SUPPLY MODULE AND ASSOCIATED
HICCUP CONTROL METHOD

ABSTRACT

Method and device for controlling the switching operation in a switch
mode power supply module, said switch mode power supply module
being intended to supply power to an item of equipment via the
intermediary of two conductors, the method comprising the steps of
measuring, in the switch mode power supply module, the load current
and comparing the measured load current with a predefined load
current threshold value, and, cyclically interrupting the switching
operation if the measured load current inside the device is less than

the predefined load current threshold value.
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COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title:

Switch mode power supply module and associated hiccup control
method

The following statement is a full description of this invention including

the best method of performing it known to us:-
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1A

SWITCH MODE POWER SUPPLY MODULE AND ASSOCIATED HICCUP
CONTROL METHOD

1. Domain of the invention.

The invention relates to the domain of switch mode power supply
modules and more specifically to integrated power supply.

2. Prior art

Traditionally, when an external power supply module is used
(commonly called DC-PACK or DC power block), the operating mode
corresponding to the lowest consumption is implemented when the
connection with the load is cut (load disconnected or switch in the open
position). When the external power supply module is connected to the mains,

a residual consumption remains.

The commercialization of electronic equipment today requires

compliance with power consumption directives.

Thus in Europe the EC/278/2009 directive requires a level of
power consumption less than 0.3 W for power supplies delivering a nominal
power less than 51 W.

Theoretically, power supplies using PFM (Pulse Frequency
Modulation) mode should be able to attain a consumption less than 100 mW
by using application specific integrated circuits. But traditionally, the no-load
residual consumption is in the order of 150 mW.

It is necessary to reduce this average residual consumption
further, notably to satisfy the constraints of the set of directives at
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international level, such as the COC (Code of Conduct) or EUP (Energy
Using Product).

The patent application US 2011/0103103 (published under the
name "Power supply with low power consumption Hiccup stand-by
operation") describes a switch mode power supply using a hiccup operation.
This means that in the absence of load, and in order to limit the residual
power consumption, the switching operation is interrupted for a certain time
then restarts. The detection of absence of load is however not autonomous
and the switching operation is controlled using a control signal set up by the
powered equipment connected to the switch mode power supply.

This solution has the disadvantage of requiring built-in intelligence
on the powered equipment to control the no-load mode and a specific
conductor or a mode of communication by current or voltage modulation

between the power supply module and the powered equipment.

Throughout this specification the word "comprise", or variations
such as "comprises" or "comprising”, will be understood to imply the inclusion
of a stated element, integer or step, or group of elements, integers or steps,
but not the exclusion of any other element, integer or step, or group of

elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or
the like which has been included in the present specification is not to be
taken as an admission that any or all of these matters form part of the prior
art base or were common general knowledge in the field relevant to the
present disclosure as it existed before the priority date of each claim of this

application.
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3. Summary of the invention.

The disclosure enables at least one of the disadvantages of the
prior art to be resolved by enabling automatically and autonomously the input
and the output in a no-load mode with intermittent interruption of the
switching operation, and by authorizing a low residual consumption without
recourse to control from the powered equipment (signal or message).

There is provided amethod for controlling the switching operation
in a switch mode power supply module, said switch mode power supply
module being intended to supply power to an item of equipment, said method
comprising iterative activation and deactivation of said switching operating,
said deactivation comprising stopping said switching operation and dropping
an output voltage of said switch mode power supply module, said method
comprising the steps of:

- measuring, by a measurement module, in said switch mode
power supply, the load current during an activation of said switching

operating,

- comparing, by a comparator module, the measured load current
with a predefined load current threshold value, and,

- if said measured load current is less than said predefined load
current threshold value for a first period of time, controlling, by a controller, of
the switching operation of said switch mode power supply module , by
iterative deactivations, for a second period of time and activations of the
switching operation until the measured value of said load current for said first
period of time is greater than said predefined load current threshold value.

The present disclosure provides the first period of time is defined

by a time constant of an anti-transient filter.
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The present disclosure provides the second period of time is

defined by a time constant of a filter circuit of the power supply.

The present disclosure provides the second period of time is
defined by the time constant of a bulk capacitor specific to the secondary of

the power supply.

The present disclosure provides the step of measuring the load
current comprises generating a voltage proportional to an average rectified
voltage at the terminals of a secondary winding of the switch mode power

supply module.

There is provided a device for controlling the switching operation
in a switch mode power supply module, by iterative activation and
deactivation of said switching operating, said deactivation comprising
stopping said switching operation and dropping an output voltage of said
switch mode power supply module, said switch mode power supply module
being intended to supply power to an item of equipment, said device

comprising:

- a circuit for measuring the load current, during an activation of

said switching operating,

- a circuit for comparing said measured load current with a

predefined load current threshold value, and,

- a circuit for controlling the switching operation by cyclically
interrupting the switching operation for a second period of time if said
measured load current is less than said predefined load current threshold
value for a first period of time and sustaining the switching operation, if said
measured load current is greater than said predefined load current threshold
value for said first period of time.
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The present disclosure provides the first period of time is defined

by a time constant of an anti-transient filter of the device.

The present disclosure provides the second period of time is
defined by a time constant of a filter circuit of the switch mode power supply.

The present disclosure provides the second period of time is
defined by the time constant of a bulk capacitor specific to the secondary of

the power supply.

The present disclosure provides the circuit for measuring the load
current comprises a circuit for generating a voltage proportional to an
average rectified voltage at the terminals of a secondary winding of the

switch mode power supply module.
A switch mode power supply comprisinges:
- atransformer having a winding;

- a power switch responsive to a switch mode control signal and
coupled to said transformer for producing periodic voltage pulses in said

transformer;

- a first rectifier coupled to said transformer for rectifying said
periodic voltage pulses to produce a first rectified voltage that is coupled to a
load circuit, said first rectified voltage producing a load current in said load

circuit;

- a second rectifier for rectifying periodic voltage pulses in said
winding to produce second rectified voltage pulses at an output of said
second rectifier;

wherein said switch mode power supply comprises:
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- a control circuit responsive to said first rectified voltage for
generating said switch mode control signal that is coupled to said power
switch to regulate said first rectified voltage such that an average value of a
given voltage pulse of said second rectified voltage pulses at said second

rectifier output decreases when a decrease in said load current occurs;

- a sensor responsive to said second rectified voltage pulses at
said second rectifier output for generating an output signal having a
magnitude that is indicative of said average value of a given voltage pulse of

said second rectified voltage pulses at said second rectifier output; and

- a comparator responsive to said sensor output signal and
coupled to said power switch for cyclically disabling said power switch from
producing said periodic voltage pulses in said transformer, according to said
magnitude of said sensor output signal.

A method of cyclically interrupting switching operation in a switch
mode power supply that includes a transformer having a winding, said
transformer being coupled to a power switch responsive to a switch mode

control signal, comprises:
- producing periodic voltage pulses in said transformer;

- rectifying said periodic voltage pulses to produce a first rectified
voltage that is coupled to a load circuit, said first rectified voltage producing a
load current in said load circuit;

- rectifying of said periodic voltage pulses in said winding to

produce second rectified voltage pulses at an output of a second rectifier;

- generating said switch mode control signal that is coupled to
said power switch to regulate said first rectified voltage such that an average
value of a given voltage pulse of said second rectified voltage pulses at said
second rectifier output decreases when a decrease in said load current

OCCUrs;
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wherein said method comprises

- generating in response to said second rectifier voltage pulses
an output signal having a magnitude that is indicative of said average value
of a given voltage pulse of said second rectified voltage pulses at said
second rectifier output; and

- cyclically disabling said power switch from producing said
periodic voltage pulses in said transformer, according to said magnitude of

said output signal .

4. List of figures.

The disclosure will be better understood, and other specific
features and advantages will emerge upon reading the following description,
the description making reference to the annexed drawings wherein:

- Figure 1 shows a switch mode power supply for supplying power to a
separate item of equipment.

- Figure 2 shows the architecture of the switch mode power supply
shown in Figure 1.

- Figure 3 shows the secondary part of a switch mode power supply,
without circuit for measuring the load current.

- Figure 4 shows the secondary part of a switch mode power supply
comprising an autonomous circuit for measuring the load current,
according to an embodiment of the disclosure.

- Figure 5 shows the secondary part of a switch mode power supply
comprising an autonomous circuit for measuring the load current,
according to a variant of the embodiment of the disclosure.

- Figure 6 is a functional diagram which shows the method for

controlling the switching operation of the power supply module.
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5. Detailed description of the embodiments of the invention.

In Figures 1 to 5, the modules shown are functional units that may
or may not correspond to physically distinguishable units. For example, these
modules or some of them are grouped together in a single component, or
constitute functions of the same software. On the contrary, according to other
embodiments, some modules are composed of separate physical entities.

In the present document, the terms “cyclically interrupting the
switching operation” or “even interrupting the switching operation” should not
be associated to the interval of time when between two consecutive pulses of
the switching control in a Pulse Width Modulation (PWM) mode (time
between two consecutive pulses when the frequency of pulses in PWM is
very low). It should also not be interpreted as the interval of time when, in
case of a very low load current, some pulses are removed as already known

in the prior art.

The terms “interrupting the switching” correspond to a state in
which the switching control pulses are not generated and the circuit used for

the pulse generation is controlled in order to do so.

- Figure 1 shows an item of electrical or electronic equipment 2
powered by a switch mode power supply module 1 according to an
embodiment of the disclosure. The switch mode power supply module 1 is
connected to the electrical network, also called "mains", via the intermediary
of a mains cord 3. The voltage required for the proper operation of the
powered equipment 2, delivered by the power supply module 1, is supplied
via the intermediary of a power cord 4. The power cord 4 comprises two
conductors. The measurement of the load current, which is the current
consumed by the powered equipment 2, is carried out inside the switch mode
power supply module 1. It is consequently not necessary to use a control
signal or message to move from one operation mode to another, the switch
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mode power supply module 1 being autonomous and based on the

measured consumption of the powered equipment 2.

- Figure 2 is a simplified block diagram showing the architecture
of the switch mode power supply module 1 shown in Figure 1 according to an
embodiment of the disclosure. The architecture of the power supply module
corresponds to a standard switch mode power supply architecture to which is
attached a circuit for measuring the load current and for controlling the
switching operation 1000 according to an embodiment of the disclosure. The
circuit for measuring the load current and for the controlling operation 1000
corresponds to the assembly of output current measuring 107, current
reference 109, comparator 110, anti-transient filter 111 and duty cycle
generator 112 modules. The mains voltage is supplied to the switch mode
power supply module 1 by connecting a mains cord or by connector adapted
to the mains connections (compatible with a wall socket, for example),
removable or fixed, to the connector 100 which comprises two connection
points, one for a phase conductor, the other for a neutral conductor. The
mains voltage is transmitted to the protection and filter module 101 which
comprises a fuse and an electromagnetic compatibility filter. The module 101
also comprises means for lightning and overvoltage protection. The filtered
voltage from the protection and filter module 101 is then rectified by the
mains rectification module 102 and keeps a primary bulk capacitor of the
module 103 charged. An auxiliary power supply module 118 enables power
to be supplied to the PWM (Pulse Width Modulation) control circuit 116
responsible for the switching operation. This module also manages the PFM
mode which reduces the low-load and no-load consumption. The rectified
and filtered mains voltage available at the primary capacitance module 103 is
also applied to the primary of a transformer comprised in the transformer
module 104 according to the enable state of a power switch module 117. The
transformer of the transformer module 104 delivers a secondary voltage to
the terminals of a secondary winding according to the modes of switching
operation induced by the switching operation control module 116 and the
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power switch module 117. This secondary voltage is rectified and filtered by
the rectification module 105 and filter module 106 respectively. The voltage
thus rectified is applied to a module for measuring the load current 107
whose output voltage is available in the two-point power cord connector 108
to which is connected one end of the power cord 4; the other end of the
power cord 4 being connected to the powered equipment 2. The feedback
loop, necessary for the servo-control of the voltage delivered, is constituted
by a feedback module 113, a current reference module 109, an error
amplifier 114 and an optocoupler 115. The reference module 119
corresponds to the setpoint of the servo system. The error amplification
module 114 delivers at input of the optocoupler module 115 a signal
proportional to the error resulting from comparing the voltages delivered by
modules 113 and 119. The optocoupler module 115 ensures the necessary
galvanic isolation between the primary and secondary parts of the power
supply. The output of the optocoupler is connected to the PWM control circuit
116 which controls the switching operation via the intermediary of the power
switch module 117. The optocoupler 115 therefore enables servo information
to be transmitted to the control circuit 116 while guaranteeing galvanic
isolation.

The set of the functional modules corresponds to the standard
architecture of a switch mode power supply, well known to those skilled in the
art.

The switch mode power supply module 1 shown on Figure 2
comprises a circuit for measuring the load current and for the controlling
operation, integrated and autonomous, 1000, according to the embodiment of
the disclosure.

The module 1000 comprises the output current measuring module
107, the current reference module 109, the comparator module 110, the filter
module 111 and the duty cycle generator module 112.

The result of measuring the current is compared with the current
reference 109 by the comparator 110. The result of this comparison is filtered
by the anti-transient filter 111 which enables the fast transients to be filtered.
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The result of the filtering operation is transmitted to the module 112 which
carries out the saturation of the optocoupler with a view to stopping the

power supply (stopping the switching operation).

- Figure 3 shows the secondary circuit of the switch mode power
supply module without the circuits for measuring the load current and
controlling the switching operation in hiccup mode in the preamble of the
description of Figures 4 and 5. The configuration of the switch mode power
supply module 1 in "hiccup" mode is performed, according to the
embodiment of the disclosure, by short-circuiting the shunt regulator 308
used for regulating the output voltage +Vout available between the points
312 (potential +Vout) and 314 (potential 0V). The effect of a short-circuit
between the terminals of the regulator 308 is to completely saturate the input
of the optocoupler 115 and to ground the PWM control pin of the PWM
control circuit 116, which is equivalent to interrupting the switching operation
and dropping the output voltage + Vout.

Figure 4 shows the details of implementing the measuring and
controlling circuit 1000 integrated in the switch mode power supply module 1
according to the embodiment of the disclosure.

The current measuring circuit 107 enables detection of a very low
load current (lout) without however having recourse to the use of resistive
components or a low-noise precision comparator. This is with the purpose of
limiting Joule effect losses and saving power consumption, notably at high
power. The current measuring circuit 107 uses a connection on a winding
301 of the secondary of the transformer and a small value resistor 321 to
generate an average voltage Vagi (at the terminals of components 322 and
323) directly proportional to the output current lout. The proportionality of the
voltage Vag1 and the output current lout follows from the fact that the duty
cycle of the voltage transmitted to the primary of the transformer 104 (and
therefore to the secondary 301, via the intermediary of the magnetic circuit of
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the transformer 104) depends directly on the load present at the power
supply output. This is the operating principle of the switch mode power
supply. To obtain the image of the consumed current, the rectification circuit
(constituted of the diode 320) and integration circuit (constituted of
components 321, 322 and 323) averages the voltage available at the
terminals of the secondary winding 301.

The average voltage Vagil is then compared to a reference
voltage to control a short-circuit at the terminals of the shunt regulator 308
when the difference between the output voltage +Vout and average voltage
reaches a predetermined threshold. According to the embodiment, the
reference voltage is supplied by the base emitter junction of the transistor
326.

The transistor 326 then becomes saturated when its base emitter
voltage is such that a base current can flow. The saturated transistor 326
then works as a closed switch which consequently enables the saturation of
the transistor 329. The saturated transistor 329 short-circuits the shunt
regulator 308, which leads to a complete saturation of the light-emitting diode
(LED) 305 of the optocoupler. The values of the resistors 324 and 325 enable
the predetermined current threshold value to be defined. According to the
embodiment of the disclosure, the current is not measured directly, but via
the intermediary of its voltage image.

According to a variant, the current is measured directly, using a
current measuring resistor, for example, although this solution is more costly

and dissipates more power.

When the switching operation is interrupted, the output voltage
Vout of the switch mode power supply module 1 decreases progressively
since the power stored in the bulk capacitor 304 is progressively consumed
by the different components of the circuits (principally by the saturation of the
diode of the optocoupler 305). When the power stored in the bulk reservoir
304 is no longer sufficient to saturate the LED diode 305 of the optocoupler,
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the PWM control circuit which controls the switching operation reactivates the
switching operation and the power supply becomes operational again. The
voltage + Vout at the terminals of the bulk capacitor 304 increases again and
measuring the current enables, if necessary, the switching operation to be
interrupted again. This operating cycle is repeated at a frequency depending
notably on the value of the bulk capacitor 304.

The duty cycle of the hiccup mode defines the ratio of the period
wherein the switching operation is active to the complete cycle period.
According to the embodiment of the disclosure, it is possible to achieve a
ratio of up to 1/24. The hiccup period can be more than twelve seconds. The
residual consumption when no load is detected or at very low load can be
divided by 3, or even more.

The circuit shown in Figure 4, for example, enables a threshold in
the order of 10 mA to be defined below which the power supply moves to
hiccup mode and wherein the switching operation is controlled in order to be
interrupted and reactivated cyclically.

The circuit shown in Figure 4 describes a device enabling control
of the switching operation in the switch mode power supply module 1
intended to supply power to the equipment 2 via the intermediary of two
conductors and without recourse to a control signal or a control message
from the equipment 2. The method use comprises the measurement by the
device 1000, in the switch mode power supply module 1, of the load current
(current delivered, at the power supply output, to the equipment 2) and the
comparison of the measured load current with a predefined load current
threshold value. According to this method, in the event that the measured
load current is less than a predefined load current threshold value for a first
period of time, control of the switching operation of the switch mode power
supply module effects iterative (cyclical) activations and deactivations of the

switching operation until the measured value of the load current is greater
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than the predefined load current threshold value again, for a second period of

time.

The predefined threshold value and the first and the second
periods of time are defined during circuit design, notably by defining the

values of the electronic components of the circuit.

According to the embodiment of the disclosure, the first period of
time is defined by at least one time constant of an anti-transient filter, such as
for example the R-C filter constituted of components 309 and 310 or the R-C
filter constituted of components 321 and 322. According to an embodiment of
the disclosure, the second period of time is defined by a time constant of a
filter circuit of the power supply, such as for example, the secondary

capacitor 304 of Figure 4.

According to a variant, the second period of time is defined by the
time constant of a bulk capacitor specific to the secondary of the power

supply, such as for example the bulk capacitor 304 of Figure 4.

According an embodiment of the disclosure, measuring the load
current uses the generation of a voltage proportional to an average rectified
voltage at the terminals of a secondary winding of the switch mode power

supply module 1, such as for example, the voltage Vagi.

Figure 5 shows a variant of the current measuring circuit shown in
Figure 4 which enables the number of components used to be reduced while

operating according to the same principle as the circuit shown in Figure 4.

Figure 6 shows the method for controlling the switching operation
in the power supply module according to an embodiment of the disclosure.
Step S1 corresponds to the initial state, in stable mode, after

switching on the switch mode power supply module. Step S2 corresponds to
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measuring the load current delivered by the switch mode power supply
module 1 to the powered equipment 2. The measurement is carried out,
according to the embodiment of the disclosure, by the module 107 shown in
Figure 2.

Step S3 corresponds to the comparison of the measured current
by the module 107 with a current reference. The current reference is
delivered by the current reference module 109 according to an embodiment
of the disclosure. The comparison is carried out by the comparator module
110 shown in Figure 2.

Step S4 corresponds to controlling the switching operation.
According to whether the value of the load current lout, delivered by the
switch mode power supply module 1 to the powered equipment 2 is smaller
or larger than a predefined load current threshold, control of the switching
operation is carried out differently (notably by modules 111, 112, 115, 116
and 117 shown in Figure 2). This means that when the measured load
charge is less than the predefined current threshold, the switching operation
is interrupted cyclically in order to save power. Furthermore, when the load
current is greater than the predefined load current threshold, the switching

operation is continuous.

Naturally, the disclosure is not limited to the embodiment
previously described. The disclosure also relates to all load current
measuring circuits, integrated in the power supply module, capable of
operating autonomously without recourse to a control signal or message, with
a view to controlling the switching operation for the purpose of reducing

power consumption where there is no load or a very low load.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :

1. A switch mode power supply, comprising:
- atransformer having a winding;

- a power switch responsive to a switch mode control signal and
coupled to said transformer for producing periodic voltage pulses in

said transformer;

- a first rectifier coupled to said transformer for rectifying said periodic
voltage pulses to produce a first rectified voltage that is coupled to a
load circuit, said first rectified voltage producing a load current in said

load circuit;

- a second rectifier for rectifying periodic voltage pulses in said winding
to produce second rectified voltage pulses at an output of said second

rectifier;
wherein said switch mode power supply comprises:

- a control circuit responsive to said first rectified voltage for generating
said switch mode control signal that is coupled to said power switch to
regulate said first rectified voltage such that an average value of a
given voltage pulse of said second rectified voltage pulses at said
second rectifier output decreases when a decrease in said load

current occurs;

- a sensor responsive to said second rectified voltage pulses at said
second rectifier output for generating an output signal having a
magnitude that is indicative of said average value of a given voltage
pulse of said second rectified voltage pulses at said second rectifier

output ; and
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a comparator responsive to said sensor output signal and coupled to
said power switch for cyclically disabling said power switch from
producing said periodic voltage pulses in said transformer, according

to said magnitude of said sensor output signal .

. The switch mode power supply according to claim 1, wherein

said power switch comprises a light emitting diode,
said first rectifier comprises a first rectifier capacitor,

said comparator comprises a comparator output switch to disable
said power switch by providing power stored in said first rectifier
capacitor to said light emitting diode of said power switch to cause
said light emitting diode to emit light and disable said power switch
until said power stored in said first rectifier capacitor is no longer
sufficient for emitting light by said light emitting diode.

A switch mode power supply according to claim 1 or 2, wherein said
switch mode power supply operates in pulse-width modulation (PWM)

mode.

A switch mode power supply according to claim 1, 2 or 3, wherein said

sensor comprises a resistor and a capacitor.

A switch mode power supply according to any one of the preceding
claims, wherein said winding is a secondary winding of said

transformer.

The switch mode power supply according to any one of the preceding
claims, wherein said comparator cyclically disables said power switch
from producing said voltage pulses in said transformer, when said
sensor output signal reaches a threshold of said comparator.

The switch mode power supply according to claim 6, wherein said
comparator cyclically disables said power switch from producing said
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voltage pulses in said transformer, when said sensor output signal

stay below said threshold during a first period of time.

A switch mode power supply according to claim 7, wherein said first
period of time is defined by time constants of an anti-transient filter.

A switch mode power supply according to any one of the preceding
claims, wherein said comparator cyclically disables said power switch
from producing said voltage pulses in said transformer during a
second period of time defined by a time constant of a filter circuit of

the power supply.

10.A switch mode power supply according to claim 9, wherein said

second period of time is defined by a time constant of a bulk capacitor,
said bulk capacitor delivering power available at terminals of said
winding during said producing.

11.A switch mode power supply according to any one of the preceding

claims, wherein said output signal generated by said sensor is an
averaged signal representative of a duty cycle of said switch mode

control signal.

12. A switch mode power supply according to any one of the preceding

claims, wherein said output signal is generated via a signal path that
excludes a load power path formed in said load circuit and between
said transformer and said load circuit.

13.A method of cyclically interrupting switching operation in a switch

mode power supply that includes a transformer having a winding, said
transformer being coupled to a power switch responsive to a switch

mode control signal, comprising:

producing periodic voltage pulses in said transformer;
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rectifying said periodic voltage pulses to produce a first rectified
voltage that is coupled to a load circuit, said first rectified voltage

producing a load current in said load circuit;

rectifying of said periodic voltage pulses in said winding to produce
second rectified voltage pulses at an output of a second rectifier;

generating said switch mode control signal that is coupled to said
power switch to regulate said first rectified voltage such that an
average value of a given voltage pulse of said second rectified voltage
pulses at said second rectifier output decreases when a decrease in

said load current occurs;
wherein said method comprises:

generating in response to said second rectifier voltage pulses an
output signal having a magnitude that is indicative of said average
value of a given voltage pulse of said second rectified voltage pulses
at said second rectifier output; and

cyclically disabling said power switch from producing said periodic
voltage pulses in said transformer, according to said magnitude of said

output signal.

The method according to claim 13, wherein cyclically disabling said
power switch comprises providing power stored in a first rectifier
capacitor that produces said first rectified voltage to a light emitting
diode to cause said light emitting diode to emit light and disable said
power switch until said power stored in said first rectifier capacitor is
no longer sufficient for emitting light by said light emitting diode.

15.A method according to claim 13 or 14, further comprising, operating

said switch mode power supply in pulse-width modulation (PWM)

mode.
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16.The method according to any one of claims 13 to 15, wherein said
cyclically disabling of said power switch from producing said periodic
voltage pulses in said transformer is performed when said sensor

output signal reaches a threshold.

17.The method according to claim 16, wherein said cyclically disabling
said power switch from producing said periodic voltage pulses in said
transformer is performed when said sensor output signal stay below
said threshold during a first period of time.

18. A method according to claim 17, wherein said first period of time is

defined by time constants of an anti-transient filter.

19.A method according to claim 17, wherein said disabling is performed
during a second period of time defined by a time constant of a filter

circuit of the power supply.

20. A method according to claim 19, wherein said second period of time is
defined by a time constant of a bulk capacitor, said bulk capacitor
delivering power available at terminals of said winding during said

producing.

21.A method according to any one of claims 13 to 20, wherein said

winding is a secondary winding of said transformer.

22. A method according to any one of claims 13 to 21, wherein said output
signal generated by said sensor is an averaged signal representative
of a duty cycle of said switch mode control signal.

23. A method according to any one of claims 13 to 22, wherein said output
signal is generated via a signal path that excludes a load power path
formed in said load circuit and between said transformer and said load

circuit.
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