wo 2021/069376 A1 |0 0000 K0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 April 2021 (15.04.2021)

(10) International Publication Number

WO 2021/069376 Al

WIPO I PCT

(51) International Patent Classification:

Patrick; c/o Zumtobel Group [P Management, Hochster-

HO02M 1/42 (2007.01) strasse 8, 6850 Dornbirn (AT).
(21) International Application Number: (74) Agent: BARTH, Alexander et al.; ZumtobelGroup [P
PCT/EP2020/077850 Management, Hochsterstrasse, 6850 Dornbirn (AT).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
05 October 2020 (05.10.2020) kind of national protection available). AE, AG, AL, AM,
(25) Filing L . Enelish AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
ting Language: EHs CA. CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
30) Priority Data: HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
(30) Priority Data: 0102019  EP KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,
19202150.9 09 October 2019 (09.10. ) ME, MG, MK, MN, MW, MX, MY, MZ, NA. NG, NI, NO,
(71) Applicant: TRIDONIC GMBH & CO KG [AT/AT]; Fir- NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
bergasse 15, 6851 Dornbirn (AT). SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
(72) Inventors: AUER, Hans; c/o Zumtobel Group [P Manage-
ment, Hochsterstrasse 8, 6850 Dombirn (AT). MARTE,
(54) Title: POWER FACTOR CORRECTION CIRCUIT
N
22 27
21 L
o ot s
'\W..k,}\_J‘MJ
'vg(*v"\ 132
b 24 36
31 33 \4;__ 25 23 .é:
= IR 1 -
Vin 34 T T Yous | Vout
/J
IHCE oA et L 37
A EEM
26
<,J
= |
A 4 v
e : i o
42 41 4 43
Fig. 1

(57) Abstract: The invention relates to a power factor correction (PFC) circuit (20), comprising an inductor (21) which is configured
to provide a discharge current, a capacitor (23) which is connected to the inductor (21) via a switch (24) and which can be charged
with said discharge current, a control unit (14) which is configured to alternately switch the switch (24) on and off based on a feedback
control, wherein the control unit (14) has an input interface (42) for receiving a feedback signal (ZXCS) which represents a discharge
voltage of the inductor (21), wherein the control unit (14), in a DCM mode, is further configured to calculate a switch on time (T, )
of the switch (24) which is after a first local minimum of the discharge voltage, and wherein, after switching off the switch (24), the
control unit is configured to: either switch on the switch (24) at a next or closest
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local minimum of the inductor voltage after Ty, in case T on is less than a directly or indirectly set reference time (Trer ), o1 close the
switch (24) at T,,,, in case T on is equal to or exceeds Tref.
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Power factor correction circuit

TECHNICAL FIELD OF THE INVENTION

The invention relates in general to a power factor correction (PFC) circuit and to a method for
power factor correction. The invention further relates to a control unit for implementing the

method, and to a driver for light sources, such as LEDs.

BACKGROUND OF THE INVENTION

Power factor correction (PFC) circuits are known to convert a supplied DC or AC voltage to a
higher level. At the same time, such circuits can be designed to guarantee a power factor of
almost 1, in which, for example, the current drawn by this circuit has a sinusoidal time curve
similar to the one of the mains voltage.

Boost PFC circuits are a special type of PFC circuits. In a boost PFC circuit an inductor, such
as a charging cail, is connected in series with a boost diode, whereby the connection point
between the boost diode and the charging coil can selectively be connected to ground via a
switch. An AC or DC voltage can be applied to the charging coil, which charges the charging
coil when the switch is closed. When the switch is open, a charging capacitor is charged via
the boost diode. Typically, the switch is closed again as soon as the charging coil has
completely discharged, i.e. as soon as the current through the charging coil has dropped to

zero. This type of operation of the PFC circuit is called borderline mode.

At low loads, it is already known to operate the PFC circuit alternatively in the so-called
discontinuous conduction mode (DCM). Thereby, the switch is not switched on again
immediately at the first local minimum of the voltage at the switch, respectively the first zero
crossing of the corresponding current, but at a later point in time. To be more precise, the
switch is not switched on again until the second or further local minimum, whereby these
local minimums are caused by oscillation processes of the charging coil.

A problem now is that this particular clocking of the switch requires the detection of several
zero crossings within a switch-off phase, i.e. while the switch is in an open position. However,
the ringing, i.e. the oscillation, of the voltage decays over time such that after a view ringing
circles it can become very difficult to properly determine the valleys in view of the decaying

amplitude of the voltage.
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In addition, the voltage oscillation at the charging coil is a damped oscillation, therefore the
amplitude of the feedback signal detected via a secondary winding will also decrease
towards a control unit following the damping. Thus, there is a risk that the maximum
amplitude of the oscillation will drop below the discrimination threshold for zero crossing
detection. This means that further zero crossings can no longer be detected. In extreme

cases, the switch will not be switched on, i.e. closed, again.

In case no valley can be detected anymore, the PFC switch can be switched on again after a
safety march in time period. However, as this safety march in time period is spaced
substantially after the calculated switching on time, this leads to a fluctuation of the produced
output voltage (Bus-voltage) of the PFC, which internally can lead to a visible relatively low

frequency flicker in the light output of the lighting means.

Thus, it is an objective to provide an improved PFC circuit and an improved method for

performing a power factor correction, which avoid the above-mentioned disadvantages.

SUMMARY OF THE INVENTION

The object of the present invention is achieved by the solution provided in the enclosed
independent claims. Advantageous implementations of the present invention are further

defined in the dependent claims.

According to a first aspect of the invention, a power factor correction (PFC) circuit is
provided. The PFC circuit comprises an inductor which is configured to provide a discharge
current, a capacitor which is connected to the inductor via a switch and which can be
charged with said discharge current,a control unit which is configured to alternately switch
the switch on and off based on a feedback control, wherein the control unit has an input
interface for receiving a feedback signal (ZXCS) which represents a discharge voltage of the
inductor being applied to the switch, wherein the control unit, in a DCM mode, is further
configured to calculate a switch on time (Ton) of the switch which is after a first local minimum
of the discharge voltage, and wherein, after switching off the switch, the control unit is
configured to: either switch on the switch at a next or closest local minimum of the discharge
voltage after Tq,, in case Ton is less than a directly or indirectly set reference time (Trer), or
close the switch at Ton, in case Ton is equal to or exceeds Trwr. This provides the advantage
that a light flicker can be prevented in case a local minimum of the discharge voltage cannot
be detected.
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In particular, the PFC circuit is a boost PFC circuit, in a drive for light sources, such as LEDs.

The discharge voltage refers to the voltage of the inductor at discharge. In particular, the
discharge voltage refers to the discharge voltage of the inductor being applied to the switch.

The feedback signal (ZXCS) represents or corresponds to a discharge voltage and/or a

discharge current being applied to the switch.

In the context of the invention, switching on the switch means making the switch conductive
respectively closing the switch, and switching off the switch means making the switch non-

conductive respectively opening the switch.

In an embodiment, if the switch is switched on, then a connection point between the boost

diode and the inductor is connected to ground via the switch.

DCM mode refers to discontinuous conduction mode. In the DCM mode, the current through
the inductor is allowed to fall to zero and to remain at zero without immediate control of the
PFC switch to become conducting again. After the first zero crossing, respectively valley, of
the inductor voltage, the inductor voltage is not immediately statically zero, rather there is an

ongoing decaying ringing of the voltage.

In DCM mode, a local minimum of the discharge voltage generally coincides with a zero
crossing, in particular a positive zero crossing, of the corresponding discharge current. In this
context, the terms local minimum, or valley, of the discharge voltage and the term (positive)
zero crossing of the discharge voltage can be used synonymously.

In a preferred embodiment, the PFC circuit further comprises a boost diode which is

connected to the inductor in series.

In a preferred embodiment, the control unit is configured to determine the local minimum of
the discharge voltage based on the feedback signal (ZXCS). This provides the advantage
that the local minimum of the discharge voltage can be determined efficiently.

In particular, the control unit is configured to determine the local minimum of the discharge
voltage when the feedback signal (ZXCS) falls below a threshold value.
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In a preferred embodiment, the control unit is configured to detect the local minimum of the
discharge voltage at a positive zero crossing of the discharge current. This provides the
advantage that the local minimum of the discharge voltage can be determined efficiently.

In a preferred embodiment, the control unit is configured to calculate the switch on time (Ton)
during a closing phase of the switch.

In a preferred embodiment, the control unit comprises a processing unit for analyzing the
feedback signal (ZXCS8) and/or calculating the switch on time (Ton). In particular, the switch

on time (Ton) is calculated based on the feedback signal (ZXCS).

In a preferred embodiment, the control unit comprises an output interface for controlling the
switch. This allows for an efficient control of the switch.

For instance, the output interface provides a voltage for switching the switch on or off, in
particular if the switch is a transistor.

In a preferred embodiment, the control unit comprises a restart timer which is configured to
switch on the switch at a set time limit after switching off the switch, wherein the reference
time (T is less than the time limit of the restart timer. This provides the advantage that light
flicker can be prevented, since a switch on at Ty is always earlier than a switch on by the
restart timer.

In a preferred embodiment, the reference time (T is less than 300 ps, in particular less

than 100 ps, more particular less than 50 s, even more particular less than 25 ps.

In a preferred embodiment, the switch is a transistor, in particular a power transistor, a field
effect transistor (FET) or a MOSFET. This provides the advantage that the switch can
efficiently be controlled by the control unit.

According to a second aspect of the invention, a driver for light sources, in particular for
LEDs, is proposed, which comprises a PFC circuit according to the first aspect of the
invention. This provides the advantage that a light flicker can be prevented in case a local
minimum of the discharge voltage cannot be detected.
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According to a third aspect of the invention, a method for power factor correction (PFC) by
means of a PFC circuit, in particular the PFC circuit according to the first aspect of the
invention, is proposed, wherein the PFC circuit comprises an inductor which is configured to
provide a discharge current, a capacitor which is connected to the inductor via a switch and
which can be charged with said discharge current, wherein the switch is alternately switched
on and off. The method comprises the steps of: receiving a feedback signal (ZXCS),
wherein the feedback signal (ZXCS) represents a discharge voltage of the inductor,
calculating a switch on time (Ton) of the switch which is after a first local minimum of the
discharge voltage, and after switching off the switch, either switch on the switch at a next or
closest local minimum of the discharge voltage after Ton, in case Ton is less than a directly or
indirectly set reference time (Tr), or switch on the switch at T, in case Ton is equal to or
exceeds Trr. This provides the advantage that a light flicker can be prevented in case a local
minimum of the discharge voltage cannot be detected.

According to a fourth aspect of the invention, a control unit for implementing the method
according to the third aspect of the invention is proposed.

In a preferred embodiment, the control unit has an input interface for receiving the feedback
signal (ZXCS) and/or an output interface for controlling the switch.

In a preferred embodiment, the control unit is implemented as a micro controller, an ASIC or
a hybrid solution.

It has to be noted that all devices, elements, units and means described in the present
application could be implemented in the software or hardware elements or any kind of
combination thereof. All steps which are performed by the various entities described in the
present application as well as the functionalities described to be performed by the various
entities are intended to mean that the respective entity is adapted to or configured to perform
the respective steps and functionalities. Even if, in the following description of specific
embodiments, a specific functionality or step to be performed by external entities is not
reflected in the description of a specific detailed element of that entity which performs that
specific step or functionality, it should be clear for a skilled person that these methods and
functionalities can be implemented in respective software or hardware elements, or any kind

of combination thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in the followings together with the figures.

Fig. 1 shows a schematic diagram of a PFC circuit according to an embodiment of
the invention;

Fig. 2 shows a schematic plot of a voltage signal occurring in the circuit according to
an embodiment of the invention;

Fig. 3 shows a schematic diagram of a driver for light sources according to an

embodiment of the invention; and

Fig. 4 shows a schematic diagram of a method for power factor correction according

to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Aspects of the present invention are described herein in the context of a PFC circuit.

The present invention is described more fully hereinafter with reference to the accompanying
drawings, in which various aspects of the present invention are shown. This invention
however may be embodied in many different forms and should not be construed as limited to
the various aspects of the present invention presented through this disclosure. Rather, these
aspects are provided so that this disclosure will be thorough and complete, and will fully
convey the scope of the present invention to those skilled in the art. The various aspects of
the present invention illustrated in the drawings may not be drawn to scale. Rather, the
dimensions of the various features may be expanded or reduced for clarity. In addition, some
of the drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus.

It is further understood that the aspect of the present invention might contain integrated
circuits that are readily manufacturable using conventional semiconductor technologies, such
as complementary metal-oxide semiconductor technology, short "CMOS". In addition, the
aspects of the present invention may be implemented with other manufacturing processes for

making optical as well as electrical devices. Reference will now be made in detail to
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implementations of the exemplary aspects as illustrated in the accompanying drawings. The
same references signs will be used throughout the drawings and the following detailed

descriptions to refer to the same or like parts.

Fig. 1 shows a power factor correction (PFC) circuit 20 according to an embodiment.

The PFC circuit 20 comprises an inductor 21 which is configured to provide a
discharge current,  a capacitor 23 which is connected to the inductor 21 via a switch 24
and which can be charged with said discharge current, a control unit 14 which is
configured to alternately switch the switch 24 on and off based on a feedback control,
wherein the control unit 14 has an input interface 42 for receiving a feedback signal (ZXCS)

which represents a discharge voltage of the inductor being applied to the switch 24.

The control unit 14, in a DCM mode, can be configured to calculate a switch on time (Ton) of

the switch 24 which is after a first local minimum of the discharge voltage.

After switching off the switch 24, the control unit can be configured to either switch on the
switch 24 at a next or closest local minimum of the inductor voltage after Ton, in case Ton is
less than a directly or indirectly set reference time (T.r), or close the switch 24 at Ty, in case

Ton is equal to or exceeds Tier.

The discharge voltage refers to the voltage of the inductor at discharge. In particular, the
discharge voltage refers to the discharge voltage of the inductor being applied to the switch
24.

The PFC circuit 20 can be supplied with an input voltage Vi, e.g. in the form of an AC or DC
voltage. The input voltage Vi, can be a rectified mains voltage from a rectifier (not shown).

As output, the power factor correction circuit 20 can provide an output voltage which is a DC
voltage. The output voltage Vo can be used to supply a load to which the power factor
correction circuit 20 is connected. The load can, for example, be a component of a control
gear for a light source such as a fluorescent lamp, a halogen lamp, a light-emitting diode

(LED) arrangement, etc.

The input, respectively output, of the PFC circuit 20 can each be formed by an input terminal,

respectively output terminal 27, and ground.
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The input voltage Vi, can be applied to a first terminal of the inductor 21 which can be a
charging coil.

The PFC circuit 20 can further comprises a boost diode 22 which is connected to a second
terminal of the inductor 21. The capacitor 23 can be connected between the anode of the
boost diode 22 and ground, and can thus be charged by the discharge current of the inductor
21 via the diode 22.

The switch 24 can be a transistor, in particular a power transistor, a field effect transistor
(FET) or a MOSFET.

In an embodiment, when the switch 24 is switched on, the inductor 21 is connected to ground
via the switch 24, whereby the diode 22 is blocking, so that the inductor 21 is charged. If the
switch 24 is switched off the diode 22 is conductive, so that the inductor 21 can be

discharged via the diode 22 into the charging capacitor 23.

In Fig. 1, the inductor 21 is a charging coil that forms the primary winding of a transformer. A
detection coil 31 forms the secondary winding of this transformer. The charging coil and the
detection coil 31 are inductively coupled so that the current through the charging coil or the
voltage at the charging coil can inductively be tapped by the control unit 14 at the input

interface 42.

Accordingly, a resistor 33 and a diode 32 are provided. One terminal of the detection coil 31
is connected to ground, the other terminal of the detection coil 31 to the anode of the diode
32. The resistor 33 is connected between the cathode of the diode 32 and the input interface
42 of the control unit 14.

In an embodiment, while the switch 24 is switched off, the local minimum of the voltage via
the inductor 21 or the (positive) zero crossing of the current (1) flowing through the inductor
21 can be detected at the input interface 42. This detection of the voltage at the inductor 21

also indirectly detects the voltage at the switch 24.
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In an embodiment, while the switch 24 is switched on, the current through the switch can be
measured at the input interface 42 via a measuring resistor 26. This preferably low-
impedance measuring resistor 26 is connected between ground and the switch 24, so that,
when the switch 24 is switched on, a current flows through the inductor 21, the switch 24 and

the measuring resistor 26.

In the exemplary embodiment of Fig. 1, another resistor 34 connects the input interface 42
and the connection point between the measuring resistor 26 and the switch 24.

A further capacitor 25 can be connected between inductor 21 and ground, which is
connected in parallel to a series circuit consisting of the switch 24 and the resistor 26. The

capacitor 25 can be connected to the same terminal of the diode 22 as the inductor 21.

The PFC circuit 20 further has an output interface 41 that is connected to the switch, in

particular to a gate of the switch, for controlling the switch 24.

The control unit 14 can have a further input interface 43 for recording further variables. For
example, the control unit 14 can detect the output voltage in form of a bus voltage Vs via a
voltage divider with resistors 36, 37.

Fig. 2 shows a schematic plot 50 of a voltage signal occurring in the circuit according to an

embodiment.

The voltage in Fig. 2 is the fluctuating, or ringing, discharge voltage after switching off the
switch 24 at time To.

Fig. 2 shows the switching with two different calculated switch on times Ton_caict @nd Ton_calc2,
wherein Ton caict < Trer @nd Ton cac2 > Trer, @nd wherein T is the directly or indirectly set

reference time.

In a first time period region of the ringing voltage, which is before the reference time T, the
so-called valley switching can be performed. This means, that if a calculated switch on time
Ton_calct falls in this time period, then the switch 24 is not switched on at Ton_caic1. Instead, it is
switched on at Ton_err1, Wherein Ton et iS the time of the next or closest valley 1o Ton_caic1, and

Whereln Oﬂen Ton_ca|c1 # Ton_efﬂ.
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In a second time period region of the ringing voltage, which is after Ty, the valley switching
can be deactivated. A calculated switch on time Ton_caie, Which falls in this time period, is
directly applied to the actual switch on operation of the switch 24, i.e Ton cai2 = Ton_e2. The
switching at Ton caic2 i done if Ton_caicz = Trer, regardless of whether the discharge voltage at

Ton_cale2 i8S in @ valley or not.

This “adaptive valley switching” can prevent lost valley detection due to low signals. The PFC
circuit 20 does no longer rely on a restart timer, that switches the PFC switch back on after a
safety march in time period, which is much longer than the calculated switch on time Ton. The
use of such a restart timer can lead to visible low frequency flicker in the light output of a
lighting means supplied by a converter stage, which supplied by the output or bus voltage.

However, a restart timer can still be implemented in the PFC circuit 20 as a safety measure.

The reference time can be less than 300 ps, 100 us, 50 ys or 25 ps. In particular, the

reference time, is less than the time limit of a restart timer.

The control unit 14 can calculate the switch on time (Ton), in particular during a closing
phase of the switch 24. The control unit can comprise a processing unit for calculating Ton,
e.g. based on the feedback signal (ZXCS).

Fig. 3 shows a schematic diagram of a driver 60 for light sources 61, such as LEDs,

according to an embodiment.

The driver 60 comprises the PFC circuit 20, for instance the PFC circuit 20 as depicted in
Fig. 1.

The driver can be an electrical ballast for an LED converter or for a fluorescent lamp.

Fig. 4 shows a schematic diagram of a method 70 for power factor correction according to

an embodiment of the invention.

The method 70 can be performed by a PFC circuit 20, in particular the PFC circuit of Fig. 1,
wherein the PFC circuit 20 comprises an inductor 21 which is configured to provide a
discharge current, a capacitor 23 which is connected to the inductor 21 via a switch 24 and
which can be charged with said discharge current, wherein the switch 24 is alternately

switched on and off.

10
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The method 70 comprises the steps of. receiving 71 a feedback signal (ZXCS), wherein the
feedback signal (ZXCS) represents a discharge voltage of the inductor, calculating 72 a
switch on time (Ton) of the switch 24, which is after a first local minimum of the discharge
voltage, and after switching off 73 the switch 24, either switch on 74 the switch 24 at a next
or closest local minimum of the discharge voltage after T, in case Ton is less than a directly
or indirectly set reference time (T, or switch on 75 the switch 24 at T,n, in case Ton is equal

to or exceeds Trs.

The step of calculating 72 T, and/or the step of receiving 71 the feedback signal can be

performed each before or after the switch off 73 of the switch 24.

The control unit 14 as shown in Fig. 1 can perform the method 70 shown in Fig. 4.

All features of all embodiments described, shown and/or claimed herein can be combined
with each other.

While various embodiments of the present invention have been described above, it should be
understood that they have been presented by way of example only and not limitation.
Numerous changes to the disclosed embodiments can be made in accordance with the
disclosure herein without departing from the spirit of scope of the invention. Thus, the
breadth and scope of the present invention should not be limited by any of the above-
described embodiments. Rather, the scope of the invention should be defined in accordance

with the following claims and their equivalence.

Although the invention has been illustrated and described with respect to one or more
implementations, equivalent alternations and modifications will occur to those skilled in the
art upon the reading of the understanding of the specification and the annexed drawings. In
addition, while a particular feature of the invention may have been disclosed with respect to
only of the several implementations, such features may be combined with one or more other
features of the other implementations as may be desired and advantage for any given or

particular application.

1
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Claims

1. A power factor correction (PFC) circuit (20), comprising:

—an inductor (21) which is configured to provide a discharge current,

—a capacitor (23) which is connected to the inductor (21) via a switch (24) and which
can be charged with said discharge current,

—a control unit (14) which is configured to alternately switch the switch (24) on and off
based on a feedback control,

—-wherein the control unit (14) has an input interface (42) for receiving a feedback

signal (ZXCS) which represents a discharge voltage of the inductor,

—wherein the control unit (14), in a DCM mode, is further configured to calculate a
switch on time (Ton) of the switch (24) which is after a first local minimum of the

discharge voltage, and

—-wherein, after switching off the switch (24), the control unit is configured to:

a) either switch on the switch (24) at a next or closest local minimum of the
inductor voltage after Ton, in case Ton is less than a directly or indirectly set

reference time (T ),

b) or close the switch (24) at Ton, in case Ton is equal to or exceeds said directly or
indirectly set reference time Ther.

2. The PFC circuit (20) according to claim 1, further comprising a boost diode (22) which
is connected to the inductor (21) in series.

3. The PFC circuit (20) according to claim 1 or 2, wherein the control unit is configured
to determine the local minimum of the discharge voltage based on the feedback
signal (ZXCS).

4. The PFC circuit (20) according to claim 3, wherein the control unit is configured to
detect the local minimum of the discharge voltage at a positive zero crossing of the
discharge current.

12
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10.

11.

12.

. The PFC circuit (20) according to any one of claims 1 to 4, wherein the control unit

(14) is configured to calculate the switch on time (T,n) during a closing phase of the
switch (24).

. The PFC circuit (20) according to any one of claims 1 to 5, wherein the control unit

(14) comprises a processing unit for analyzing the feedback signal (ZXCS) and/or
calculating the switch on time (Ton).

The PFC circuit (20) according to any one of claims 1 to 6, wherein the control unit

(14) comprises an output interface for controlling the switch (24).

. The PFC circuit (20) according to any one of claims 1 to 7, wherein the control unit

(14) comprises a restart timer which is configured to switch on the switch (24) at a
set time limit after switching off the switch (24), wherein the reference time (T.) is

less than the time limit of the restart timer.

. The PFC circuit (20) according to any one of claims 1 to 8, wherein the reference time

(Trer) is less than 300 ps, in particular less than 100 ps, more particular less than
50 us, even more particular less than 25 ps.

The PFC circuit (20) according to any one of claims 1 to 9, wherein the switch (24)
is a transistor, in particular a power transistor, a field effect transistor (FET) or a
MOSFET.

Driver for light sources (61), in particular for LEDs, which comprises a PFC circuit (20)

according to any one of claims 1 to 10.

Method (70) for power factor correction (PFC) by means of a PFC circuit, in particular
the PFC circuit (20) according to any one of claims 1 to 10, wherein the PFC circuit
(20) comprises an inductor (21) which is configured to provide a discharge
current, a capacitor (23) which is connected to the inductor (21) via a switch (24)
and which can be charged with said discharge current, wherein the switch (24) is
alternately switched on and off, the method comprising the steps of:

- receiving a feedback signal (ZXCS), wherein the feedback signal (ZXCS)

represents a discharge voltage of the inductor,

- calculating a switch on time (To,) of the switch (24) which is after a first local

13
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minimum of the discharge voltage, and

- after switching off the switch (24):
5 a) either switch on the switch (24) at a next or closest local minimum of the
discharge voltage after T, in case Ton is less than a directly or indirectly

set reference time (Tref),

b) or switch on the switch (24) at Ton, in case Ton is equal to or exceeds Trer.

10
13. Control unit (14) for implementing the method (70) according to claim 12.
14. Control unit (14) according to claim 13, wherein the control unit (14) has an input
interface (42) for receiving the feedback signal (ZXCS) and/or an output interface
15 (41) for controlling the switch (24).
15. Control unit (14) according to claim 13 or 14, wherein the control unit (14) is
implemented as a micro controller, an ASIC or a hybrid solution.
20

14



PCT/EP2020/077850

WO 2021/069376

1/4

m.mj T wf a4
O /.1 \ 9y O
| A
s
| \M vt
/€ F S s.g.s!sk/\)\@/\fj. SOXZ
WNOA | SAGA 1 . , ve Uip,
T T b
\W €z 5z — T
og e \ w /
C€ aaa
‘,4\;«5
MT \2 - v/

T 314



PCT/EP2020/077850

WO 2021/069376

2/4

0§

\

awil

749 uo, _ 7oles uo

1
_

)

2J

1

Tol|ed uo

49 uo 1
3 L

°F

<«

IVAVA

“°] 18 UO YoIMS

iy

uiyoums Agjlep

\ 4

23e}|oN

Z 314



WO 2021/069376 PCT/EP2020/077850
3/4

;1

LED

2/0

PFC

60

Fig. 3



PCT/EP2020/077850

WO 2021/069376

4/4

0L

~$ 3UISS0UD 0437 3B U0 YoUMS

“°1 18 U0 YoUMS o~ "\
L 10 b
N_7
30 YoUMS
et — | ﬁ
dune|noje)
2 — |
1/ — 8UINIBODY

¥ 814



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/077850

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO2M1/42
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOZ2M

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraph [0026]; figure 5
paragraph [0033]; figure 6

22 February 2018 (2018-02-22)

A DE 20 2014 106015 Ul (TRIDONIC GMBH & CO
KG [AT]) 15 March 2016 (2016-03-15)
paragraph [0046]; figures 1-3

A US 2018/054113 Al (KIM JINTAE [KR] ET AL)
paragraphs [0036] - [0092]; figures 2A, 2B

1-15

1-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 November 2020

Date of mailing of the international search report

10/11/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

van Wesenbeeck, R

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/077850

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A SANG HEE KANG ET AL: "Efficiency
Optimization in Digitally Controlled
Flyback DC DC Converters Over Wide Ranges
of Operating Conditions",

IEEE TRANSACTIONS ON POWER ELECTRONICS,
INSTITUTE OF ELECTRICAL AND ELECTRONICS
ENGINEERS, USA,

vol. 27, no. 8, 1 August 2012 (2012-08-01)
, pages 3734-3748, XP011454760,

ISSN: 0885-8993, DOI:
10.1109/TPEL.2012.2186590

p3740, fig 6a; page 3741, Teft column ,
last two sentences of 2nd paragraph

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/077850
Patent document Publication Patent family Publication
cited in search report date member(s) date

DE 202014106015 U1 15-03-2016 AT 16607 Ul 15-02-2020
DE 202014106015 U1 15-03-2016
US 2018054113 Al 22-02-2018 (N 107769537 A 06-03-2018
US 2018054113 Al 22-02-2018
US 2019013729 Al 10-01-2019

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

