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(57) Abstract: Device for dampening oscillations (31) caused by a leading edge dimmer (20) comprising a Triac switch when used
with a low-power load (33), the dampening device (31) being characterized in that it comprises at least a controller module compris -
ing a resistive element having a resistance value that is variable over time, so as to draw a time-varying quantity of energy away from
the oscillations in the dimmer attach phase, in such a way as to dampen the oscillations by preventing the current through the Triac
from falling below a predetermined value, the resistive element being contigured to be driven by a control signal.
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DEVICE AND METHOD FOR DAMPENING OSCILLATIONS IN THE DIMMER-ATTACH
PHASE WHEN A DIMMER IS USED WITH A LOW POWER LAMP

Technical Field
[0001] The present invention is directed to a device and a method for

dampening oscillations that may occur when a driver for a low power lamp is
connected to a dimmer. The present invention also relates to a driver for a light

emitting device, comprising such a device.

Background
[0002] Many homes and office buildings nowadays are equipped with

dimmers, that is: devices allowing regulating the light output of light emitting
devices such as lamps. A widely used type of dimmer is so-called Leading Edge (LE)

phase-cut dimmer, which benefits from a simple design.

[0003] An LE dimmer limits the power that is supplied over time to the
lamp by an Alternating Current (AC) voltage supply such as mains, by blocking the
voltage over an adjusted period of time during the start, or leading edge, of each
line-voltage half cycle. The adjusted time determines the dimming level of the light
output. A typical voltage delivered by an LE dimmer over time is illustrated by
Figure 1. As shown in Figure 1, for each half cycle of the periodic signal, whichever
the polarity, the voltage is blocked by the dimmer, meaning that the voltage across
the terminals of the lamp is null over said adjusted period of time Ty At time
offset teqge, the voltage is no longer blocked by the dimmer and thereafter the
voltage at the lamp presents a typical sine shape during a period of time T,, until
time offset t,y. The period of time (in the order of 200 ps) directly following the

time offset teqge is referred to as the dimmer-attach phase Tsttach.

[0004] Typically, the voltage blocking effect of an LE dimmer is produced by
a Triac switch, which is closed by means of a timing circuit. A simplified structure of
a typical LE dimmer 20 is illustrated by Figure 2. As illustrated in Figure 2, the LE

dimmer 20 is placed along the mains line LN. A load 22 is connected between the
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output of the LE dimmer 20 and the mains neutral NE. The switch opens once the
current through it drops below a threshold, usually called “holding current”. For a
purpose of compliance with international standards related to ElectroMagnetic
Compatibility (EMC), EMEA LE dimmers typically comprise an output filter, with a
typical operating range between 10 and 25 kHz, consisting of an inductance L in
series with the Triac Tr, and a capacitance CF in parallel to the Triac Tr and the
inductance LF, as illustrated in Figure 2. A timer module 201, also comprising a

power supply, allows controlling switching on and off of the Triac Tr.

[0005] Such conventional dimmers as LE dimmers have been designed for
being used with incandescent lamps. However, there is an increasing demand for
low-power replacement lamps, based on technologies such as Compact
Fluorescent Lamps (CFL) or Light Emitting Diodes (LED). When conventional
dimmers such as LE dimmers are used with such low-power lamps, undesirable
effects can occur, notably: flickering effects and possibly acoustic noise, which

significantly hamper performance and lifetime of the lamp.

[0006] When a low-power lamp such as a LED lamp is connected to a LE
dimmer, two main issues arise: a first issue, that is due to the substantially lower
power consumption of the LED lamp, results in the steady state current of the LED
being closer to the Triac holding current; a second issue lies in oscillations
occurring when the Triac is closed, due to the presence of the capacitance and
inductance in the LE dimmer. The frequency, amplitude and damping ratio of these
oscillations are determined by the EMC output filter in the dimmer and the energy
draw of the load (“dissipation”). Though a conventional incandescent light exhibits
ample dissipation, thereby damping such oscillations, the dissipation, thus the

damping, is substantially less with a LED lamp.

[0007] If the oscillations are not sufficiently damped, then the current
through the Triac falls below the holding current and the Triac is then switched off

too early, resulting in refiring.
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[0008] Solutions have been proposed to overcome the oscillations. Such
solutions consist of extension circuits such as bleeders or RC latches that allow
drawing a predefined current during the leading edge phase. This current,
hereinafter referred to as feed-forward current, draws energy from the oscillations
to dampen them, and temporarily raises the steady state current, in order to
prevent the current through the Triac to drop down to a too low strength. One
drawback of such existing solutions is that the feed-forward current is independent
from the actual circumstances, notably from the characteristics of the system, i.e.
from the characteristics of the dimmer itself, but also the characteristics of the
load or plurality of loads attached to the dimmer, the dimmer’s output signals
being dependent on the loads, which makes such solutions not optimally power-
efficient in most operational configurations.

Summary
[0009] One aim of the present invention is to solve the above-mentioned
problems, by allowing the current in the attach phase to be adapted to the actual
operational configuration. Since the current in the attach phase responds to the
operational conditions, it is being hereinafter referred to as “feedback current”, in

opposition to the feed-forward current produced by known solutions.

[0010] More specifically, the present invention proposes that the current in
the attach phase is shaped thanks to a controller module comprising an impedance
element with an impedance that is variable over time, for example a resistive
element with a variable resistance, or a capacitive element with a variable
capacitance, or a combination of a resistive element and a capacitive element with
respectively variable resistance and capacitance, the variable resistance or
capacitance being determined by a Pulse Width Modulation (PWM) signal duty

cycle.

[0011] For the sake of clarity, it will be hereinafter referred to exemplary

embodiments wherein the impedance element is a resistive element, though it
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shall be observed that the following description can also be applied to
embodiments wherein the impedance element is a capacitive element or a

combination of a resistive element and a capacitive element.

[0012] As a result, the feedback current can be much lower than the feed-
forward current; moreover, the feedback current can be shaped accordingly with
the properties of the used dimmer, therefore reducing the current in the attach

phase even further.

[0013] For that purpose, the present invention proposes a device for
dampening oscillations caused by a leading edge dimmer comprising a Triac switch
when used with a low-power load, the dampening device being characterized in
that it comprises at least a controller module comprising an impedance element
having an impedance value that is variable over time, so as to draw a time-varying
quantity of energy away from the oscillations during the attach phase of the
dimmer, in such a way as to dampen the oscillations by preventing the current
through the Triac switch from falling below a predetermined value, the impedance

element being configured to be driven by a control signal.

[0014] In an exemplary embodiment of the invention, the impedance
element can be at least one among the group consisting of a resistive element
having a resistance value that is variable over time, and a capacitive element

having a capacitance value that is variable over time.

[0015] In an exemplary embodiment of the invention, the impedance
element can comprise a switching element in series with a resistor, the control
signal being a Pulse Width Modulation signal of a determined frequency, the
control signal being controlling the switching element, the duty cycle of the control

signal thereby determining a variable resistance.

[0016] In an exemplary embodiment of the invention, the impedance

element can comprise a switching element in series or in parallel with a capacitor,
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the control signal being a Pulse Width Modulation signal of a determined
frequency, the control signal being controlling the switching element, the duty

cycle of the control signal thereby determining a variable capacitance.

[0017] In an exemplary embodiment of the invention, the dampening
device can further comprise a memory configured for storing at least one driving
table comprising a plurality of values of the duty cycle of the control signal, the
dampening device being configured for varying the duty cycle of the control signal

as a function of the values comprised in said at least one driving table.

[0018] In an exemplary embodiment of the invention, a driving table may
comprise a control word, comprising a series of values of the duty cycle of the
control signal, each value of the series of values being applied to the control signal

over a predetermined plurality of cycles of the control signal.

[0019] In an exemplary embodiment of the invention, the dampening

device can be configured for being put in parallel with the low-power load.

[0020] In an exemplary embodiment of the invention, the dampening

device can be configured for being put in parallel with the leading edge dimmer.

[0021] In an exemplary embodiment of the invention, the dampening
device may further comprise an adaptive module, configured for identifying at
least one characteristic of the dimmer and selecting an appropriate controller

module as a function of the identified dimmer characteristics.

[0022] In an exemplary embodiment of the invention, the adaptive module
may comprise an identification module configured for delivering an output signal
representative of identified characteristics of the dimmer as a function of at least

one signal delivered by the dimmer.

[0023] In an exemplary embodiment of the invention, the adaptive module
may comprise a selection module configured for receiving as an input said signal

representative of identified dimmer characteristics, determining an appropriate
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controller module among a plurality of controller modules as a function of the

identified dimmer characteristics, and outputting a corresponding control signal.

[0024] In an exemplary embodiment of the invention, the dampening
device may further comprise a switching module configured for selecting the
appropriate controller module as a function of the control signal output by the

selection module.

[0025] Another aspect of the current invention is a light emitting device
characterized in that it comprises a dampening device following one of the

described embodiments.

[0026] Another aspect of the current invention is a driver for a light
emitting device characterized in that it comprises a dampening device following

one of the described embodiments.

[0027] Another aspect of the current invention is a method for dampening
oscillations caused by a leading edge dimmer comprising a Triac switch when used
with a low-power load, characterized in that it comprises at least a step of applying
a control signal to a controller module for controlling a variable resistance over
time so as to draw a time-varying quantity away from the oscillations in such a way
as to dampen the oscillations by preventing the current through the Triac switch

from falling below a predetermined value.

[0028] Another advantage of the present invention is that the feedback
current automatically adapts to the actual operational circumstances, such as

dimming angle, dimmer characteristics, use of parallel light emitting devices, etc.

[0029] Another advantage of the present invention in some of its
embodiments is that the feedback current can be minimized through a selection of

an optimal PWM signal driving table among a plurality of driving tables, a driving



10

15

20

25

WO 2015/011128 PCT/EP2014/065696

table comprising a set of values defining the shape of the PWM signal, as described

further in detail hereinafter.

Brief Description of the Drawings
[0030] These and other characteristics and advantages of the invention will

be made clearer in view of the detailed description given below of a preferred
embodiment, provided by way of an illustrative and non-limiting example only, as

well as the accompanying drawings which represent:

[0031] Figure 1, described above, a curve showing a typical voltage

delivered by a LE dimmer over time;

[0032] Figure 2, described above, a sketch drawing showing a typical LE
dimmer;
[0033] Figure 3, a sketch drawing illustrating a dampening device in

combination with a power supply, a dimmer and a load, in an exemplary

embodiment of the invention;

[0034] Figure 4, a sketch drawing illustrating a controller module that is
part of a dampening device, and an exemplary mode of operation thereof, in an

exemplary embodiment of the invention;

[0035] Figure 5, curves illustrating typical oscillations occurring when a
leading edge dimmer is used with a low-power load, respectively with and without

a dampening device according to the invention;

[0036] Figures 6A and 6B, curves illustrating exemplary variations of
feedback current, and corresponding variations of the resistance of a resistive
element in a dampening device according to an exemplary embodiment of the

invention;

[0037] Figure 7, curves illustrating the variations of the duty cycle of a
PWM signal applied for controlling the resistance of a resistive element, in a

dampening device according to an exemplary embodiment of the invention;
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[0038] Figure 8, a sketch drawing illustrating a dampening device in
combination with a power supply, a dimmer and a load, in an alternative

exemplary embodiment of the invention;

[0039] Figure 9, a sketch drawing illustrating an adaptive module following

an exemplary embodiment of the invention.

Detailed Description
[0040] In the following detailed description, for purposes of explanation

and not limitation, representative embodiments disclosing specific details are set
forth in order to provide a thorough understanding of the present teachings.
However, it will be apparent to one having ordinary skill in the art having had the
benefit of the present disclosure that other embodiments according to the present
teachings that depart from the specific details disclosed herein remain within the
scope of the appended claims. Moreover, descriptions of well-known apparatuses
and methods may be omitted so as to not obscure the description of the
representative embodiments. Such methods and apparatuses are clearly within the

scope of the present teachings.

[0041] Figure 3 shows a sketch drawing illustrating a dampening device in
combination with a power supply, a dimmer and a load, in an exemplary

embodiment of the invention.

[0042] A load 33, for example a low-power lamp such as a LED or a plurality
of LEDs, can be supplied by a voltage source 300, for example mains voltage,
through a dimmer 20, such as a LE dimmer comprising a Triac, not shown in

Figure 3. In the exemplary embodiment of the invention depicted by Figure 3, a
dampening device 31 can be put in parallel with the load 33. As detailed
hereinafter, other configurations are possible, the dampening device 31 being not
necessarily put in parallel with the load 33. The dampening device 31 allows

drawing energy from the oscillations in order to dampen them, and temporarily
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raises the steady state current, in order to prevent the current in the Triac to drop

too low.

[0043] The dampening device 31 notably comprises at least a controller
module comprising a resistive element, whose resistance can be varied so that the
current in the attach phase can be shaped in order to dampen the oscillation and
prevent from misfiring of the Triac. The resistive element can be controlled
through a control signal. A detailed structure of a controller module as part of a

dampening device 31 is described below in reference to Figure 4.

[0044] In reference to Figure 4, the dampening device can comprise a
controller module 41 comprising a resistive element formed by a resistor 412 in
series with a switching element 414. The switching element 414 can be driven by a
control signal 416. The control signal 416 can for example be a PWM signal, that is:
a logical signal with a determined frequency and varying duty cycle. In the non-
limiting exemplary embodiment illustrated by Figure 4, the control signal 416 is
formed by a first series of pulses with a duty cycle equal to 0.9, followed by a series
of pulses with a duty cycle of 0.5, followed by a series of pulses with a duty cycle of
0.1. The control signal 416 can be determined by a driving table, or a control word

defined as [0.9; 0.5; 0.1; 0].

[0045] The control signal 416 can be realized by means of a control signal
generation module, not represented in Figure 4, allowing generating the control
signals, for example based upon control words as described above, which can be
stored in a memory. For example, a plurality of control words can be stored in a
look-up table. In advantageous embodiments described hereinafter, in reference
to Figure 9, an additional adaptive module can allow selecting a control scheme

depending on the identified operating configuration.

[0046] The resistor 412 can be formed by an actual resistor, a plurality of
resistors in series or in parallel, or a resistive network, or any plurality of

components known to form a resistive element. The switching element 414 can for



10

15

20

25

WO 2015/011128 PCT/EP2014/065696

10

example be formed by a Field Effect Transistor (FET) or an Insulated-Gate Bipolar
Transistor, or any known component allowing switching, preferably at high

frequencies.

[0047] When switching occurs at a relatively high frequency, as detailed
hereinafter in reference to Figure 7, the resistive element can be considered as
having a time-averaged effective resistance R,y that is determined by the duty
cycle and the nominal resistance value of the resistor 412, denoted as Rejpseq. The

effective resistance can be determined by relation (1) below:

1 1
[0048] —=n +(1-n) (1),
Rvar Rclosed Ropened
[0049] wherein Ropened Stands for the resistance value of the resistive

element when the switching element 414 is opened; the value of resistance Ropened
can be considered as being infinite, therefore the duty cycle can be formulated as a
function of the effective resistance and nominal resistance of the resistor 412, as

per relation (2) below:

R
0050 = _closed 2).
[0050] n R (2)
[0051] For the relations (1) and (2) above to be relevant, the frequency of

the PWM control signal should be significantly higher than the frequency of the
dynamics in the system, which is typically between 10 and 25 kHz. For instance, a

frequency of the PWM signal can be 40 kHz or above, as detailed further below.

[0052] Figure 5 shows curves illustrating typical oscillations occurring when
a leading edge dimmer is used with a low-power load, respectively with and

without a dampening device according to the invention.

[0053] Figure 5 depicts a bi-dimensional orthonormal frame wherein the
abscissae give time expressed in seconds, and the ordinates give the amplitude of

the current through the dimmer, flowing through the Triac.
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[0054] A first curve 501 displays the amplitude of the current through the
Triac of the dimmer, in a case when the dimmer is connected to a low-power lamp.
The first curve 501 is typical of the oscillations that occur in such a configuration,
which phenomenon being also designated as “ringing”. Resonance between
inductor and capacitors within the LE dimmer results in ringing of the current
through the dimmer. Such ringing may typically occur when leading edge Triac
dimmers are used to dim low-power lamps such as LED lamps. As the ringing
becomes large, the resulting minimum current through the Triac will be lower than
the holding current necessary to maintain the Triac conductive, causing the Triac to
turn off or “misfire”. The misfiring causes the lighting current provided from
dimmer to the load lamp to repeatedly spike (or “multifire”) during waveform half
cycles. As a result, the lamp driver turns on and off, and the lamp consequently
flickers on and off. The first curve 501 results from a simulation and actually does
not show the turning off of the Triac, for example at 45 ps, for the sake of clarity.
Even dimmers that include prolonged or repeated firing of the Triac, i.e. dimmers
that actively force the Triac in the conductive state during a prolonged period of

time, are affected by the repeated drops in the current below the holding current.

[0055] In the non-limiting example illustrated by Figure 5, zero-crossing of
the first curve 501 occurs approximately 45 us after the Triac of the dimmer turns

on.

[0056] Still in reference to Figure 5, a second curve 502 displays the
amplitude of the current through the Triac of the dimmer, in a case when the
dimmer is connected to a higher power lamp, such as an incandescent light source.
In such a case, the high power that is dissipated by the lamp brings a dampening
effect to the oscillation of the input current, and no drops below the holding
current of the second curve 502 occurs. In steady state, still a relatively high

current flows.
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[0057] A third curve 503 displays the amplitude of the current in the Triac
of the dimmer, in a case when the dimmer is connected to a low-power lamp, the
dimmer being this time associated with a dampening device as per the invention.
The dampening device shall be configured so that no drop below the holding

current of the third curve 503 occurs.

[0058] With the exemplary configuration shown in Figure 5, the dampening
device can be configured in such a way that much power is drawn away from the
load, at least during a first period of time essentially corresponding to the time
interval between the first positive peak of first curve 501 and its first negative peak;
then power shall still been drawn away from the load, but in lower proportions
compared with the first period of time; then less power shall be drawn over time.
Such a time sequence defines a feedback current bleeding profile over time, which
can be directly translated in a time profile of the variations of the effective
resistance of the resistive element, as detailed hereinafter in reference to

Figures 6A and 6B.

[0059] Figures 6A and 6B show curves illustrating exemplary variations of
feedback current, and corresponding variations of the resistance of a resistive
element in a dampening device according to an exemplary embodiment of the

invention.

[0060] In reference to Figure 6A, a first curve 601 displays the feedback
current as a function of time, in an exemplary configuration corresponding to that
of Figure 5. A second curve 602 displays the corresponding load voltage, also as a
function of time. As mentioned above, and as shown by first curve 601, the
feedback current rapidly increases during a first period of time during which most
of the energy shall be drawn so as to dampen the oscillations; the feedback current
is then rapidly decreased to a lower level where still some energy is drawn away

from the load; the feedback current then tends toward a null value. This variation
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scheme of the feedback current allows a fast increase of the load voltage, as

shown by second curve 602, and a fast stabilization of the load voltage.

[0061] Now in reference to Figure 6B, a third curve 603 displays the
corresponding profile of variations of the resistance of the resistive element
allowing a feedback current profile as displayed by the first curve 601 in Figure 6A,
as a function of time, in a dilated scale compared to Figure 6A. In this exemplary
configuration, the nominal resistance Ryoseq Of the resistive element is 500 Ohmes.
The variable resistance Ry, is initially infinite, the switching element being then
opened, and rapidly decreases to a low value, in the example lower than 1 kOhm,
allowing drawing most energy away from the load. Then the resistance is increased
to an intermediate level, in the example around 7 kOhms, so that some energy can
still be drawn away from the load. Finally, the resistance increases to an infinite

value.

[0062] In practice, this variation profile of the variable resistance is
repeated for each leading edge of the signal that is output by the dimmer, that is:

typically at mains frequency, that is: at a frequency of 50 or 60 Hz.

[0063] Figure 7 shows curves illustrating the variations of the duty cycle of
a PWM signal applied for controlling the resistance of a resistive element, in a

dampening device according to an exemplary embodiment of the invention.

[0064] As mentioned herein below, the value of the variable resistance can
be determined by the duty cycle of a PWM control signal. In Figure 7, a first
curve 701 displays the variations of the duty signal of the control signal as a
function of time, in an exemplary configuration corresponding to that of Figures 5,

6A and 6B.

[0065] The duty cycle is adjusted so that a low impedance path is provided
during the period of time Ty during which the dimmer blocks the AC voltage

supply, starting from a low initial value.
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[0066] In practice, discrete values of the duty cycle can be applied to a few
consecutive cycles of the control signal. In the exemplary configuration illustrated
by figures 5 to 7, the control signal can have a frequency of 120 kHz, and the
update rate of the duty cycle can for example be of 40 kHz, allowing a given
discrete value of the duty cycle to be applied over a period of 0.025 ms, as

displayed by a second curve 702 in Figure 7.

[0067] In the illustrated exemplary configuration, a first duty cycle of 0.82
is applied, followed by following values of the duty cycle: 0.74, 0.36, 0.09, 0.07,
0.04, 0.01, 0. Therefore a control word in this exemplary configuration can be

formulated as [0.82, 0.74, 0.36, 0.09, 0.07, 0.04, 0.01, 0].

[0068] Figure 8 a sketch drawing illustrating a dampening device in
combination with a power supply, a dimmer and a load, in an alternative

exemplary embodiment of the invention.

[0069] As shown in Figure 8, in an alternative embodiment, a dampening
device 81 can be put in parallel with the dimmer 20, instead of being put in parallel

with the load 33 as in the previously described embodiments.

[0070] The design of a dampening device as per any of previously described
embodiments can be optimized to one specific dimmer, resulting in minimal
energy use. Optimization can be carried out by a user, who can select an
appropriate control scheme of the resistive element depending on the operational
configuration, for example by selecting the most appropriate control word among

a plurality of control words stored in a memory.

[0071] However, the installed base consists of dimmers with different
characteristics, all having different values for internal inductance and capacitance.
As mentioned above, in advantageous embodiments thereof, the current invention
can further provide an adaptive module that allows selecting a control scheme

depending on an identified actual operational configuration. The adaptive module
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can be included in the dampening device, or external to the dampening device. It
will hereinafter be considered that the dampening device, in the following

described embodiments of the invention, comprises the adaptive module.

[0072] The adaptive module can comprise an identification module that
allows identifying at least one characteristic of the dimmer actually used in
combination with the lamp, and a selection module; the identification of the
dimmer can be input to the selection module for a selection of the most

appropriate controller module, as illustrated in Figure 9 described hereinafter.

[0073] For example, the adaptive module can be based on a so-called
“Multiple Model Adaptive Controller” architecture (MMAC), which brings the
advantage of being robust against variations in dimmer oscillation frequencies. In
an MMAC architecture, the identification module can be formed by a supervisor
module that can select from a set of controller modules which controller module

shall be used, based on observed signals of the identification module.

[0074] The adaptive module can be configured for implementing a
selection method comprising an initiation step, wherein a first controller module
can be selected with an arbitrary small resistance, mimicking the load of an
incandescent light bulb, making it robust for oscillation frequencies in a very large
frequency window. Although being robust, the first controller module implies a
large dissipation. Once the identification module has identified the characteristics
of the dimmer used, for example by measuring the frequency of the oscillations, or
the damping level, or a rising time, a selection step can allow selecting the most
appropriate controller module as a function of the detected frequency window of
the oscillations during the attach phase. The selection module can comprise
hardware elements allowing implementing the selection method, such as a

microcontroller and a memory, for instance.

[0075] The applicant indeed has noticed that among the many LE dimmers

available on the market, each of them provides different operating characteristics,
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which also depend on operating conditions, such as the actual dimming level. The
identification module can for instance comprise means for identifying the

frequency of oscillations, the damping level, or rising time.

[0076] For instance, one first type of commercially available dimmer has an
oscillation frequency in the range of 12.5 to 15.0 kHz, this oscillation frequency
being dependent upon the actual dimming setting; another type of commercially
available dimmer has an oscillation frequency in the range of 16.6 to 20.0 kHz,
while a third type of commercially available dimmer has an oscillation range of

10.4 to 20.0 kHz.

[0077] For example, the current oscillations occurring in the dimmer can be
measured through measuring the voltage across the lamp, as the current
oscillations translate into voltage oscillations across the lamp. One possible way for
identifying the frequency of the voltage oscillations across the lamp is to use a
bank of Kalman filters, or an approximation/simplification thereof. Prior to
identifying the frequency of the voltage oscillations, the voltage can for example be
scaled down, and the low-frequency components of the signal can then be filtered
out. Frequency of the resulting high-frequency signal can then be determined by

digital means.

[0078] Similarly, the damping of the oscillations can be determined based
on analyzing the voltage oscillations across the lamp, for example using digital

means.

[0079] Alternatively, the frequency and damping can be determined with a

Fast Fourier Transform of the driver voltage, or a peak-detection scheme.

[0080] Similarly, the rising time of the dimmer output voltage is translated
into a rise time of the voltage across the lamp. Analyzing the voltage across the

lamp can thus allow determining the rising time of the dimmer’s phase cut signal.
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The rising time can for example be defined as the time period that is required for
the magnitude of the signal to reach 90% of its instantaneous maximum value

starting from 10% of the maximum value.

[0081] Advantageously, the selection method can be iterated in order to
allow selecting a smaller frequency window, so as to minimize energy dissipation in
the controller module. In general it can be stated that the smaller the identified
frequency window is, the less robust the controller has to be, and the less energy is
dissipated. Several frequency windows can be defined, one for the entire operating
window and arbitrary many for smaller regions. Each frequency window
corresponds to a control word, i.e. a driving table comprising PWM duty cycle
values, as described further above, which can have been designed offline and can

be adapted online.

[0082] Besides, the level of damping that is required to dampen the
dimmer-lamp oscillations varies depending on the dimmer and on the presence of
lamps connected in parallel. Additional lamps can offer a lot of damping if they are
incandescent lamps, or low damping if they are low-power lamps such as LEDs of
CFLs. If less damping is required, the PWM duty cycle values can be scheduled
accordingly, providing additional freedom to save energy and limit current in the

attach phase.

[0083] Figure 9 shows a sketch drawing illustrating an adaptive module

following a non-limiting exemplary embodiment of the invention.

[0084] An adaptive module 900 can comprise an identification module 901
for example receiving as input the output signals of the dimmer, for example a
dimmer output voltage or current, and providing an output signal that is
representative of an identified type of dimmer, for example an output signal
representative of system characteristics, such as for instance signals that are
representative of the identified frequency of the input signal coming from the

dimmer, its rising time and/or its damping level. . The adaptive module 900 can
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further comprise a selection module 902, receiving as an input the output signal of
the identification module 901. Based on the identified frequency and on the signal
ouput by the identification module 901, the selection module 902 can then
determine an appropriate frequency window to make the controller match the
characteristics of the system, and determine an appropriate controller module
among a plurality of controller modules C,, Cs, ..., Cn.1, Cn, and output a control
signal corresponding to the determined appropriate controller module to a
switching module 903, actually selecting the determined controller module. The
plurality of controller modules does not necessarily correspond to physically
distinct controller modules, but can correspond to a plurality of driving tables, or

control words as defined below.

[0085] The identification module 901, selection module 902 and switching
module 903 do not necessarily correspond to separate physical modules, and all of
them can for instance be implemented in an electronic circuit or in a

microcontroller.

[0086] In other embodiments, the controller module can be further
selected as a function of the lamp characteristics, such as, for instance, as a
function of characteristics of the load voltage, such as notably damping level, rising
time, decay rate of the oscillation, peak-peak amplitude, minimum and maximum
voltage, etc. An advantage of such embodiments is that they allow improving the
cooperation between multiple lamps, by sharing the burden between the lamps,

which can prevent from having to derate the dimmer.

[0087] A dampening device following any of the described embodiments
can be located in the lamp. For example, a LED retrofit lamp can comprise a
dampening device following any of the described embodiments, and can therefore
advantageously replace an incandescent lamp or any other type of lamp, without
requiring any intervention by the user on the existing installation. The dampening

device can for example be comprised in the lamp driver, for example upstream or



10

15

20

WO 2015/011128 PCT/EP2014/065696

19

downstream the bridge rectifier of the driver, or upstream or downstream the

ElectroMagnetic Interference (EMI) filter of the driver, if it is thus equipped.

[0088] In other embodiments, a dampening device following any of the
described embodiments can be added to an existing installation, for example in

parallel with the dimmer, as described above.

[0089] While the invention has been illustrated and described in detail in
the drawings and foregoing description, it should be clear to a person skilled in the
art that such illustration and description are to be considered illustrative or
exemplary and not restrictive. The invention is not limited to the disclosed
embodiments; rather, several variations and modifications are possible within the

protective scope of the invention as defined in the appending claims.

[0090] All definitions, as defined and used herein, should be understood to
control over dictionary definitions, definitions in documents incorporated by

reference, and/or ordinary meanings of the defined terms.

[0091] Other variations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the claimed invention, from a
study of the drawings, the disclosure, and the appended claims. In the claims, the
word "comprising" does not exclude other elements or steps, and the indefinite
article "a" or "an" does not exclude a plurality. The mere fact that certain measures
are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs

in the claims should not be construed at limiting the scope.
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CLAIMS

Device for dampening oscillations (31) caused by a leading edge dimmer (20)
comprising a Triac switch when used with a low-power load (22, 33), the
dampening device (31) being characterized in that it comprises at least a
controller module (41) comprising an impedance element having an
impedance (R.ar) value that is variable over time, so as to draw a time-varying
guantity of energy away from the oscillations during the attach-phase of the
dimmer (20) in such a way as to dampen the oscillations by preventing the
current through the Triac switch from falling below a predetermined value, the

impedance element being configured to be driven by a control signal (416).

Dampening device (31) as claimed in Claim 1, wherein the impedance element
is at least one among the group consisting of a resistive element having a
resistance (Ryar) value that is variable over time, and a capacitive element

having a capacitance value that is variable over time.

Dampening device (31) as claimed in Claim 1, characterized in that the
impedance element comprises a switching element (414) in series with a
resistor (412), the control signal being a Pulse Width Modulation (PWM) signal
of a determined frequency higher than 10 kHz, the control signal (416) being
controlling the switching element (414), the duty cycle of the control

signal (416) thereby determining a variable resistance (Ryar).

Dampening device (31) as claimed in Claim 1, characterized in that the
impedance element comprises a switching element (414) in series or in parallel
with a capacitor (412), the control signal being a Pulse Width

Modulation (PWM) signal of a determined frequency, the control signal (416)
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being controlling the switching element (414), the duty cycle of the control

signal (416) thereby determining a variable capacitance.

Dampening device (31) as claimed in any of preceding claims, characterized in
that it comprises a memory storing at least one driving table comprising a
plurality of values of the duty cycle of the control signal (416), the dampening
device being configured for varying the duty cycle of the control signal (416) as

a function of the values comprised in said at least one driving table.

Dampening device (31) as claimed in Claim 5, characterized in that a driving
table comprises a control word, comprising a series of values of the duty cycle
of the control signal (416), each value of the series of values being applied to
the control signal (416) over a predetermined plurality of cycles of the control

signal (416).

Dampening device (31) as claimed in any of preceding claims, characterized in

that it is configured for being put in parallel with the low-power load (22, 33).

Dampening device (31) as claimed in any of preceding Claims 1 to 6,
characterized in that it is configured for being put in parallel with the leading

edge dimmer (20).

Dampening device (31) as claimed in any of preceding claims, characterized in
that it comprises an adaptive module (900), configured for identifying at least
one characteristic of the dimmer (20) by identifying at least one in the group

consisting of frequency of the oscillations, damping level and rising time, and
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selecting an appropriate controller module (41) as a function of the at least one

identified characteristic of the dimmer (20).

Dampening device (31) as claimed in Claim 9, characterized in that the adaptive
module (900) comprises an identification module (901) delivering an output
signal representative of at least one identified characteristic of the dimmer (20)

as a function of at least one signal delivered by the dimmer (20).

Dampening device (31) as claimed in Claim 10, characterized in that the
adaptive module (900) comprises a selection module (902) configured for
receiving as an input said signal representative of at least one identified
characteristic of the dimmer (20), determining an appropriate controller
module among a plurality of controller modules (Cy, C,, ..., Cng, Cn) @s a
function of the at least one identified characteristic of the dimmer (20), and

outputting a corresponding control signal.

Dampening device (31) as claimed in Claim 11, characterized in that it further
comprises a switching module (903) configured for selecting the appropriate
controller module as a function of the control signal output by the selection

module (902).

Light emitting device characterized in that it comprises a dampening device (31)

as claimed in any of preceding claims.

Driver for a light emitting device characterized in that it comprises a dampening

device (31) as claimed in any of preceding claims 1 to 12.
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15. Method for dampening oscillations caused by a leading edge dimmer (20)
comprising a Triac switch when used with a low-power load (22, 33),
characterized in that it comprises at least a step of applying a control
signal (416) to a controller module (41) for controlling a variable resistance
over time so as to draw a time-varying quantity away from the oscillations in
such a way as to dampen the oscillations by preventing the current through the

Triac switch from falling below a predetermined value.
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