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(54) DIMMING METHOD WITH NOISE CONTROL

(57) The present invention relates to an apparatus
for generating a PWM signal for controlling output power
of atleast one illuminant based on a dimming signal. The
apparatus comprises a control circuit (9) configured to

assign, to a dimming value indicated by the dimming sig-
nal, a duty cycle of the PWM signal and a period of the
duty cycle, wherein the period decreases continuously
or discontinuously with an increase of the duty cycle.
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Description

[0001] The presentinvention relates to the field of con-
trolling the brightness of light by changing the volt-
age/current waveform applied to an electrical illuminant
and in particular to an apparatus and method for gener-
ating a pulse width modulation signal for controlling the
output power of a driver circuit for an illuminant and/or
the brightness of light emitted by the illuminant.

[0002] In pulse width modulation (PWM), the bright-
ness is controlled or regulated by changing the width/du-
ration of current or voltage pulses, usually of constant
amplitude, within a specified period T. The power output
in one period results from the amplitude and the duty
cycle, a temporal ratio of pulse duration and period.
[0003] In some cases, PWM dimming can cause au-
dible noise (mechanical vibrations) in driver circuits
and/or luminaires at certain frequencies, mostly around
as between 1 kHz and 4 kHz. The cause is usually in the
PWM output stage of the driver circuit including capaci-
tors and inductors. However, the exact component or lo-
cation often cannot be determined and a general in-
crease in frequency may result in higher costs.

[0004] Itis an object of the presentinvention to provide
an apparatus and a method, which reduce the above
problems. In particular, an object of the present invention
is to provide an apparatus and a method that that can
prevent noise with low effort and cost.

[0005] This object is achieved by the apparatus and
the method according to the enclosed independent
claims. Advantageous features of the present invention
are defined in the corresponding subclaims.

[0006] According to the presentinvention, the appara-
tus is configured to generate a PWM signal for controlling
output power of at least one illuminant based on a dim-
ming signal and comprise a control circuit configured to
assign, to a dimming value indicated by the dimming sig-
nal, a duty cycle of the PWM signal and a period of the
duty cycle, wherein the period decreases continuously
or discontinuously with an increase of the duty cycle.
[0007] Measurements of audible noise confirmed that
often a certain noise level is exceeded only at high dim-
ming levels/values. With the present invention, the fre-
quency is raised only at these dimming levels to re-
duce/prevent the unwanted noise, so that the driver cir-
cuit (DC-to-DC converter) can cost-effectively run at low
frequency at all other dimming levels.

[0008] A duty cycle is assigned to each possible dim-
ming value of the signal. Preferably, if the dimming value
changes continuously, the duty cycle also changes con-
tinuously, i.e., the duty cycle increases with each in-
crease in the dimming value. The control circuit can be
configured to assign the duty cycle, so that the duty cycle
of the PWM signal does not change if the dimming value
is constant, in particular that no pulse with a different
length is inserted in the PWM signal between pulses with
the same length (same duty cycle).

[0009] The manufacturer or user can determine the
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dimming values at which unwanted noise occurs and at
which the frequency should be increased (the period
should be decreased). For this, the apparatus can com-
prise a control switch or a wired or wireless interface con-
figured to receive a signal from the control switch that
can be actuated by the user when noise occurs, wherein
the control circuit determines and stores, as a (first)
threshold, the current dimming value or the duty cycle
assigned to the current dimming value when the switch
is actuated and reduces the current/pre-set period by a
certain amount when the dimming value reaches or ex-
ceeds the (first) threshold. In addition, a plurality of
thresholds can be set if further increasing the dimming
value leads torecurrence of noise. Alternatively, the man-
ufacturer can determine and store the threshold(s) or can
determine and store a table or formula that assigns a
period to each dimming value or duty cycle. The thresh-
old(s) or the table can be (re)set by the user using a
mobile configuration device, wherein the apparatus com-
prises a transmitter to wirelessly connect the mobile con-
figuration device to the apparatus.

[0010] The control circuit can be configured to de-
crease the period when the dimming value or the duty
cycle assigned to the dimming value reaches or exceeds
the first threshold or can be configured to determine the
period based on the (first) table or the (first) formula that
assigns a period to each dimming value or duty cycle.
[0011] Alternatively or in addition, the control circuit
can be configured to decrease a slew rate of the PWM
signal when the dimming value or the duty cycle assigned
to the dimming value reaches or exceeds a second
threshold or can be configured to determine the slew rate
based on a second table or a second formula thatassigns
a slew rate to each dimming value or duty cycle.

[0012] Alternatively or in addition, the control circuit
can be configured to apply jitter to the PWM signal when
the dimming value or the duty cycle assigned to the dim-
ming value reaches or exceeds a third threshold.
[0013] According to the present invention, the appara-
tusis configured to generate a PWM signal for controlling
output power of at least one illuminant based on a dim-
ming signal and comprise a control circuit configured to
assign a duty cycle of the PWM signal to a dimming value
indicated by the dimming signal, wherein the control cir-
cuit is configured to determine a period of the duty cycle
based on a signal indicating an intensity of mechanical
vibrations (noise).

[0014] In addition, the control circuit can be configured
to decrease the period when the intensity reaches or ex-
ceeds afirst threshold or can be configured to determine
the period based on a first table or formula that assigns
a period to each intensity.

[0015] Alternatively or in addition, the control circuit
can be configured to decrease a slew rate of the PWM
signal when the intensity reaches or exceeds a second
threshold or can be configured to determine the slew rate
based on a second table or formula that assigns a slew
rate to each intensity.
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[0016] Alternatively or in addition, the control circuit
can be configured to apply jitter to the PWM signal when
the intensity reaches or exceeds a third threshold.
[0017] The first, second and/or third threshold can be
stored in the apparatus by the manufacturer and/or can
be (re)set by the user using the mobile configuration de-
vice or the control switch as described above, wherein
the control circuit determines and stores, as a (first)
threshold, the current intensity when the control switch
is actuated.

[0018] The apparatus can comprise a sensor config-
ured to detect the mechanical vibrations to generate the
signal or can comprise an interface (connectors) to con-
nect the sensor to the apparatus.

[0019] The PWM signal can be used to turn a power
source or a voltage source on and off, when the illuminant
is operated on the power/voltage source, or can be output
to a LED driver IC. Alternatively, the apparatus can com-
prise a DC-to-DC converter, wherein the DC-to-DC con-
verter comprises at least one switch controlled by the
PWM signal or the control circuit is configured to control
the DC-to-DC converter to generate and output the PWM
signal to the illuminant.

[0020] According to the present invention, the method
for generating a PWM signal for controlling output power
of atleast one illuminant based on a dimming signal com-
prises assigning, to a dimming value indicated by the
dimming signal, a duty cycle of the PWM signal and a
period of the duty cycle, wherein the period decreases
continuously or discontinuously with an increase of the
duty cycle.

[0021] In addition, the period can be decreased when
the dimming value or the duty cycle assigned to the dim-
ming value reaches or exceeds a first threshold or the
period can be determined based on a table or formula
that assigns a period to each dimming value or duty cycle.
[0022] Alternatively or in addition, the method can fur-
ther comprise decreasing a slew rate of the PWM signal
when the dimming value or the duty cycle assigned to
the dimming value reaches or exceeds a second thresh-
old, or determining the slew rate based on a second table
or formula that assigns a slew rate to each intensity.
[0023] According to the present invention, the method
for generating a PWM signal for controlling output power
of atleast one illuminant based on a dimming signal com-
prises assigning a duty cycle of the PWM signal to a
dimming value indicated by the dimming signal, wherein
a period of the duty cycle is determined based on a signal
indicating an intensity of mechanical vibrations.

[0024] The period can be decreased when the intensity
reaches or exceeds a first threshold or the period is de-
termined based on a first table or formula that assigns a
period to each intensity.

[0025] Embodiments of the invention are discussed in
detail with reference to the enclosed figures, in which

Fig. 1 shows an apparatus according to a first em-
bodiment of the present invention,
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Fig. 2 shows a diagram with the course of the PWM
frequency set by the apparatus shown in Fig. 1 as a
function of the dimming level,

Fig. 3 shows an apparatus according to a second
embodiment of the present invention, and

Fig. 4 shows aflowchart fora method for determining
parameters to reduce audible noises caused by the
apparatus shown in Fig. 1 or Fig. 3.

[0026] In the figures, same reference numbers denote
same or equivalent structures. The explanation of struc-
tures with same reference numbers in different figures is
avoided where deemed possible for sake of conciseness.
[0027] Fig. 1 showsalLED converter 1 detachably con-
nected to a LED lighting device 2. The parts shown in
Fig. 1 can be housed in a luminaire. The LED converter
1 comprises a light device terminal 3, 4 for connecting
the LED lighting device 2 to the LED converter 1, mains
terminal 5, 6 (connectors) for connecting the emergency
converter 1 to the mains supply, a control terminal 7, 8
for connecting a control line to the LED converter 1, a
control circuit 9 connected to the control terminal 7, 8, a
power supply unit 10 connected to mains terminal 5, 6
and a LED driver 11 for generating a LED drive current
or voltage, which is output via the light device terminal
3, 4 to the LED lighting device 2. The LED lighting device
2 fed with the LED light current or voltage emits light from
one or more LEDs (not shown). The power supply unit
10 fed with the mains supply AC voltage generates a DC
voltage for the LED driver 11.

[0028] The control circuit 9 is advantageously a micro-
controller circuit or a dedicated application specific inte-
grated circuit (ASIC) and controls the output power of the
LED driver 11 based on a dimming signal received via
the control terminal 7, 8. The dimming signal, which can
be a DALI-signal, indicates a dimming value of a dimming
range from 0.1 % to 100 %. The LED driver 11 comprises
at least one switch (transistor) controlled by a PWM sig-
nal, wherein the control circuit 9 determines the duty cycle
of the PWM signal based on the dimming value.

[0029] For the system shown in Fig. 1, audible noises
(mechanical vibrations) occur at certain dimming values,
which are reduced by increasing the frequency of the
PWM signal several times. More precisely, audible noise
occurs at a PWM frequency of 1 kHz from a dimming
value of 20%, which can be noticeably reduced by in-
creasing the PWM frequency to 8 kHz. From a dimming
value of 50%, audible noise occurs again atthe frequency
of 8 kHz, which can be reduced by increasing the PWM
frequency to 10 kHz. To reduce audible noises, the con-
trol circuit 9 shown in Fig. 1 determines not only the duty
cycle of the PWM signal based on the dimming value but
also the frequency of the PWM signal.

[0030] Fig. 2 shows a diagram with the course of the
PWM frequency set by the control circuit 9 as a function
of the arc power, which is the relative wattage to the LED
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lighting device 2 and, in first estimation, the relative lu-
minous flux, and which corresponds to the dimming val-
ue. In particular as shown in Fig. 2, PWM frequency of 1
kHz is set in the range from 0.1 % to 20 %, PWM fre-
quency of 8 kHz is set in the range from 20 % to 50 %
and PWM frequency of 10 kHz is set in the range from
50 % to 100 %. In this way, the period of the PWM signal
decreases discontinuously with an increase of the dim-
ming value, i.e., the duty cycle. The ranges and the re-
spective PWM frequency can be stored in a non-volatile
memory of the control circuit 9 by the manufacturer or
after installation on site.

[0031] The occurrence of noise (mechanical vibra-
tions) may also depend on the type of LED lighting device
2 orits power. Fig. 3 shows a LED converter 1 according
to a second embodiment of the present invention, which
can detect audible noise (mechanical vibration) and au-
tomatically reduce the period of the PWM signal to reduce
the noise. The LED converter 1 shown in Fig. 3 comprise
a sensor configured to detect audible noises (mechanical
vibrations) and to output a signal indicating the intensity
of the noise (mechanical vibrations) to the control circuit
9, which compares the intensity to a threshold. In partic-
ular, the control circuit 9 increases the PWM frequency
from 1 kHz to 8 kHz when the intensity reaches or ex-
ceeds the threshold, and increases the PWM frequency
from 8 kHz to 10 kHz when the intensity again reaches
or exceeds the threshold. Alternatively, if the intensity
reaches or exceeds the threshold, the PWM frequency
can be increased stepwise by, for example, 2 kHz until
the intensity falls below the threshold.

[0032] Audible noises (mechanical vibrations) can be
reduced by decreasing the slew rate of the PWM signal
and/or applying jitter to the PWM signal. Fig. 4 shows a
flowchart for a method for determining parameters to re-
duce audible noises caused by the LED converter 1. In
step S1, the LED converter 1 is turned on and the dim-
ming value is set to 1% in step S2. In step S3, it is deter-
mined whether the intensity reaches or exceeds a thresh-
old. If the intensity does not reach or exceed the thresh-
old, it is determined whether the dimming value is less
than or equal to 1% in step S4. If the dimming value is
less than orequal to 99%, the dimming value is increased
by 1% in step S5 and step S3 is executed again. If the
intensity reaches or exceeds the threshold in step S3,
jitter is applied to the PWM signal in step S6 and it is
determined whether the intensity reaches or exceeds the
threshold in step S7. If the intensity does not reach or
exceed the threshold, jitter parameter/flag for the current
dimming value and PWM frequency is set in a table and
step S4 is executed. If the intensity reaches or exceeds
the threshold in step S7, the slew rate of the PWM signal
is decreased by a certain amount in step S8 and it is
determined whether the intensity reaches or exceeds the
threshold in step S9. If the intensity does not reach or
exceed the threshold, the slew rate for the current dim-
ming value and PWM frequency is set in the table and
step S4 is executed. If the intensity reaches or exceeds
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the threshold, the current PWM frequency is increased
by a certain amount in step S10 and it is determined
whether the intensity reaches or exceeds the threshold
in step S3. If the intensity does not reach or exceed the
threshold with the increased PWM frequency, the in-
creased PWM frequency is set for the current dimming
value in the table and step S4 is executed.

Claims

1. An apparatus for generating a PWM signal for con-
trolling output power of at least one illuminant based
on a dimming signal, comprising

a control circuit (9) configured to assign, to a
dimming value indicated by the dimming signal,
a duty cycle of the PWM signal and a period of
the duty cycle, wherein

the period decreases continuously or discontin-
uously with an increase of the duty cycle.

2. The apparatus according to claim 1, wherein
the control circuit (9) is configured to decrease the
period when the dimming value or the duty cycle as-
signed to the dimming value reaches or exceeds a
first threshold or is configured to determine the pe-
riod based on a table or formula that assigns a period
to each dimming value or duty cycle.

3. The apparatus according to claim 1 or 2, wherein
the control circuit (9) is configured to decrease a slew
rate of the PWM signal when the dimming value or
the duty cycle assigned to the dimming value reach-
es or exceeds a second threshold or is configured
to determine the slew rate based on a second table
or formula that assigns a slew rate to each dimming
value or duty cycle.

4. The apparatus according to any one of claims 1 to
3, wherein
the control circuit (9) is configured to apply jitter to
the PWM signal when the dimming value or the duty
cycle assigned to the dimming value reaches or ex-
ceeds a third threshold.

5. An apparatus for generating a PWM signal for con-
trolling output power of at least one illuminant based
on a dimming signal, comprising

a control circuit (9) configured to assign a duty
cycle of the PWM signal to a dimming value in-
dicated by the dimming signal, wherein

the control circuit (9) is configured to determine
a period of the duty cycle based on a signal in-
dicating an intensity of mechanical vibrations.

6. The apparatus according to claim 5, wherein
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the control circuit (9) is configured to decrease the
period when the intensity reaches or exceeds a first
threshold or is configured to determine the period
based on afirst table or formula that assigns a period
to each intensity.

The apparatus according to claim 5 or 6, wherein
the control circuit (9) is configured to decrease a slew
rate of the PWM signal when the intensity reaches
or exceeds a second threshold or is configured to
determine the slew rate based on a second table or
formula that assigns a slew rate to each intensity.

The apparatus according to any one of claims 5 to
6, wherein

the control circuit (9) is configured to apply jitter to
the PWM signal when the intensity reaches or ex-
ceeds a third threshold.

The apparatus according to any one of claims 5 to
8, further comprising

a sensor (12) configured to detect the mechanical
vibrations to generate the signal.

The apparatus according to any one of claims 1 to
9, further comprising

a DC-to-DC converter (11), wherein

the DC-to-DC converter (11) comprises at least
one switch controlled by the PWM signal or the
control circuit (9) is configured to control the DC-
to-DC converter (11) to generate and output the
PWM signal.

A method for generating a PWM signal for controlling
output power of at least one illuminant based on a
dimming signal, comprising the step of:

assigning, to a dimming value indicated by the
dimming signal, a duty cycle of the PWM signal
and a period of the duty cycle, wherein

the period decreases continuously or discontin-
uously with an increase of the duty cycle.

The method according to claim 11, wherein
the period is decreased when the dimming value or
the duty cycle assigned to the dimming value reach-
es or exceeds a first threshold or the period is deter-
mined based on a table or formula that assigns a
period to each dimming value or duty cycle.

The method according to claim 11 or 12, further com-
prising the step of:

decreasing a slew rate of the PWM signal when
the dimming value or the duty cycle assigned to
the dimming value reaches or exceeds a second
threshold, or
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determining the slew rate based on a second
table or formula that assigns a slew rate to each
intensity.

14. A method for generating a PWM signal for controlling

output power of at least one illuminant based on a
dimming signal, comprising the step of:

assigning a duty cycle of the PWM signal to a
dimming value indicated by the dimming signal,
wherein

a period of the duty cycle is determined based
on a signal indicating an intensity of mechanical
vibrations.

15. The method according to claim 14, wherein

the period is decreased when the intensity reaches
or exceeds a first threshold or the period is deter-
mined based on a first table or formula that assigns
a period to each intensity.
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