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(54)  Adriver for a light source

(67)  Adriver apparatus for driving one or more light
emitting diodes is provided. The apparatus comprises
one or more power source portions for providing two or
more driving currents and a control portion for issuing
two or more control signals for controlling the provision
of two or more driving currents, each control signal ex-
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hibiting a respective duty cycle at a first cycle frequency,
wherein the control portion is configured to issue the two
or more control signals as synchronized control signals
in predetermined time offsets with respect to each other
for provision of the two or more driving currents in differ-
ent phases.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to control of operation of
one or more light sources. In particular, embodiments of
the invention relate to a driver apparatus, use thereof, an
arrangement and a computer program for driving one or
more light emitting diodes (LEDs).

BACKGROUND

[0002] A driver for a light emitting diode (LED) light
source may apply a control signal, such as a pulse-width
modulation (PWM) signal, for controlling the light inten-
sity provided by the LED light source. A periodic PWM
signal with desired duty cycle and cycle frequency (PWM
frequency) is typically applied in the driver to cause the
driver to operate the LED light source at a light intensity
determined by the duty cycle. In practice such control of
the LED light source results in switching the light on and
off in accordance with the PWM signal. With sufficiently
high PWM frequency the off periods are unperceivable
by a human eye but rather contribute to perceived re-
duced light intensity (compared to driving the LED light
source without the off periods).

[0003] However, especially at low duty cycles, i.e. at
low values of perceived light intensity, too low PWM fre-
quency is likely to result in perceivable flickering of light
due to too long off periods between the on periods, which
may even be perceived as a disturbing stroboscopic ef-
fect. On the other hand, too high PWM frequency is likely
to result in inaccurate control of light intensity or even
variations in light level due to switching operation of pow-
er converters typically applied in such drivers.

SUMMARY

[0004] Consequently, it is an object of the present in-
vention to provide a technique that enables driving the
LED light source(s) at sufficient PWM cycle frequencies
while avoiding disturbances caused by the power con-
verter switching frequency.

[0005] The objects of the invention are reached by an
apparatus, by arrangements and by a computer program
as defined by the respective independent claims.
[0006] According to a first example embodiment, a
driver apparatus for driving one or more LEDs is provided.
The apparatus comprises one or more power source por-
tions for providing two or more driving currents and a
control portion for issuing two or more control signals for
controlling the provision of two or more driving currents,
each control signal exhibiting a respective duty cycle at
afirst cycle frequency, wherein the control portion is con-
figured to issue the two or more control signals as syn-
chronized control signals in predetermined time offsets
with respect to each other for provision of the two or more
driving currents in different phases.
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[0007] According to a second example embodiment, a
computer program for driving one or more LEDs is pro-
vided. The computer program comprises one or more
sequences of one or more instructions which, when ex-
ecuted by one or more processors, cause an apparatus
comprising one or more power source portions for pro-
viding two or more driving currents at least to issue two
or more control signals for controlling the provision of two
or more driving currents, each control signal exhibiting a
respective duty cycle at a first cycle frequency, wherein
the two or more control signals are synchronized control
signals exhibiting predetermined time offsets with re-
spect to each other for provision of the two or more driving
currents in different phases.

[0008] The computer program may be embodied on a
volatile or a non-volatile computer-readable record me-
dium, for example as a computer program product com-
prising atleast one computer readable non-transitory me-
dium having program code stored thereon, the program
code, which when executed by an apparatus, causes the
apparatus at least to perform the operations described
hereinbefore for the computer program in accordance
with an example embodiment.

[0009] According to a third example embodiment, an
arrangement comprising the driver apparatus according
to the first example embodiment and one or more arrays
of light emitting diodes is provided, wherein the driver
apparatus is configured to provide the two or more driving
currents as two or more separate output currents of the
driver apparatus and wherein each of the two or more
separate output currents is coupled to a respective one
of the two or more arrays of light emitting diodes.
[0010] According to a fourth example embodiment, an
arrangement comprising the driver apparatus according
to the first example embodiment and a single array of
light emitting diodes is provided, wherein the driver ap-
paratus is configured to provide the two or more driving
currents as two or more separate output currents of the
driver apparatus and wherein the two or more separate
output currents are coupled to the single array of light
emitting diodes.

[0011] According to a fifth example embodiment, an
arrangement comprising the driver apparatus according
to the first example embodiment and a single array of
light emitting diodes is provided, wherein the driver ap-
paratus is configured to provide the two or more driving
currents combined into a single output current of the driv-
er apparatus and wherein the single output current is
coupled to the single array of light emitting diodes.
[0012] According to a sixth example embodiment, use
of the driver apparatus according to the first example
embodiment to drive one or more arrays of light emitting
diodes is provided, wherein the driver apparatus is con-
figured to provide the two or more driving currents as two
or more separate output currents of the driver apparatus
and wherein each of the two or more output currents is
applied todrive a respective one of the two or more arrays
of light emitting diodes.
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[0013] According to a seventh example embodiment,
use of the driver apparatus according to the first example
embodimentto drive a single array of light emitting diodes
is provided, wherein the driver apparatus is configured
to provide the two or more driving currents as two or more
separate output currents of the driver apparatus and
wherein the two or more output currents are applied in
parallel to drive the single array of light emitting diodes.
[0014] According to an eighth example embodiment,
use of the driver apparatus according to the first example
embodimentto drive a single array of light emitting diodes
is provided, wherein the driver apparatus is configured
to provide the two or more driving currents combined into
a single output current of the driver apparatus and where-
in the single output current is applied to drive the single
array of light emitting diodes.

[0015] The exemplifying embodiments of the invention
presented in this patent application are not to be inter-
preted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" and its derivatives
are used in this patent application as an open limitation
that does not exclude the existence of also unrecited fea-
tures. The features described hereinafter are mutually
freely combinable unless explicitly stated otherwise.
[0016] The novel features which are considered as
characteristic of the invention are set forth in particular
in the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages thereof,
will be best understood from the following detailed de-
scription of specific embodiments when read in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Some embodiments of the invention are illus-
trated by way of example, and not by way of limitation,
in the figures of the accompanying drawings.

Figure 1a schematically illustrates an exemplifying
arrangement in accordance with an example embod-
iment.

Figure 1b schematically illustrates an exemplifying
arrangement in accordance with an example embod-
iment.

Figure 2 schematically illustrates some components
of a driver in accordance with an example embodi-

ment.

Figure 3 illustrates an example of a Pulse-Width
Modulation (PWM) signal.

Figure 4 schematically illustrates some components
of an exemplifying buck converter.

Figure 5a illustrates an example of control signals in
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different phases.

Figure 5b illustrates an example of control signals in
different phases.

Figure 6a illustrates an example of control signals in
different phases.

Figure 6b illustrates an example of control signals in
different phases.

Figure 7 illustrates an example of control signals in
different phases.

Figure 8 schematically illustrates some components
of a driver in accordance with an example embodi-
ment.

Figure 9 schematically illustrates an exemplifying ar-
rangement in accordance with an example embod-
iment.

Figure 10 schematically illustrates an exemplifying
arrangement in accordance with an example embod-
iment.

Figure 11 schematically illustrates an apparatus in
accordance with an example embodiment.

Figure 12 schematically illustrates a circuitin accord-
ance with an example embodiment.

Figure 13 schematically illustrates some compo-
nents of a driver in accordance with an example em-
bodiment.

DESCRIPTION OF SOME EMBODIMENTS

[0018] Figure 1a schematically illustrates an exempli-
fying arrangement 100 for providing light at a selectable
light level. The arrangement 100 comprises a controller
entity 110 for issuing input control signals 115-1, 115-2,
..., 115-nindicating desired characteristics of output cur-
rents 125-1, 125-2, ..., 125-3 to a driver 120. The driver
120 is arranged to derive each output current 125-1,
125-2, ..., 125-n on basis of operating power provided
117 thereto in accordance with the characteristics of the
respective input control signal 115-1, 115-2, ..., 115-n.
The output currents 125-1, 125-2, ..., 125-n are provided
to a single array of light emitting diodes (LEDs) 170’. An
array of LEDs, in other words a LED array, comprises
eitherasingle LED light source or two or more light sourc-
es connected in series. Hence, the driver 120 may be
used to drive the single LED array 170’

[0019] In the following, the input control signals 115-1,
115-2, ..., 115-n may be referred to as input control sig-
nals 115 when referring jointly to all input control signals
115-1, 115-2, ..., 115-n or when referring to any single
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one of the input control signals 115-1, 115-2, ..., 115-n.
Moreover, the reference number 115-i may be applied
to refer to the i:th input control signal. Similar practice
may be applied to any numbered element comprising
multiple sub-elements, i.e. to reference number having
the format xxx-i.

[0020] Figure 1b schematically illustrates a second ex-
emplifying arrangement 100’ as a variation of the first
arrangement 100. In the arrangement 100’ each of the
output currents 125-1, 125-2, ..., 125-nis coupled to one
of separate LED arrays 170-1, 170-2, ..., 170-3, while the
other components of the arrangement 100’ are similar to
those of the arrangement 100. The separate LED arrays
170-1, 170-2, ..., 170-3 are, preferably, arranged into a
single luminaire or light fixture. The LED arrays 170, 170’
may be identical or they may have different light emission
spectra. Moreover, the LEDs within a LED array 170-i,
170’ may be identical or they may have different light
emission spectra.

[0021] In context of the arrangements 100 and 100’ a
dedicated input control signal 115-i is provided for each
output current 125-i, i.e. the number of input control sig-
nals 115 is the same as the number of output currents
125. However, the number of input control signals 115
may be smaller than the number of output currents 125
e.g. such that each of the input control signals 115 is
arranged to indicate desired characteristics for two or
more output currents.

[0022] The number n indicating the number of input
control signals and output currents in the arrangements
100 and 100’ and the number of LED arrays for the ar-
rangement 100’ may be any number greater than or equal
to two. In other words, the driver 120 is configured to
receive two or more input control signals 115 and to pro-
vide respective two or more output currents 125. Simi-
larly, in the arrangement 100’ the two or more output
currents 125 are coupled to respective two or more LED
arrays 170. Hence, the driver 120 may be used to drive
the two or more LED arrays 170.

[0023] Further exemplifying arrangements are sche-
matically illustrated in Figures 9 and 10. An arrangement
400 depicted in Figure 9 employs a single input control
signal 115’ and a single output current 125’, whereas an
arrangement 500 depicted in Figure 10 employs a single
input control signal 125’ and a plurality of output currents
125-i. These arrangements and operation of the driver
therein are described in more detail later in this docu-
ment.

[0024] The controller entity 110 may be provided as a
single control entity providing the input control signals
115. Alternatively, although depicted as a single entity in
Figures 1aand 1b, the controller entity 110 may comprise
anumber of control entities that are configured to operate
independently of each other, each control entity providing
at least one of the input control signals 115-1, 115-2, ...,
115-n. The controller entity 110 may be arranged to issue
the control signals 115 in response to a user input via a
user interface and/or in response to a further control sig-
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nal received at the controller entity 120 from a further
entity. The controller entity 110 may also be a sensor,
such as a PIR sensor or a light sensor, and it may be
arranged to issue the control signals 115 in response to
sensor measurements.

[0025] Hence, the controller entity 110 may be applied
e.g. to control operation of an arrangement comprising
the driver 120 and the single LED array 170’ or to control
operation of an arrangement comprising the driver 120
and the two or more LED arrays 170. Moreover, the con-
troller entity 110 may be applied to control e.g. a plurality
of drivers 120, each driver arranged to drive one or more
LED arrays.

[0026] The input control signals 115 may be provided
in a number of ways and/or in a number of formats. Typ-
ically, however, the input control signal 115 is provided
as a command or request in accordance with a lighting
control protocol. As an example in this regard, the input
control signal 115 may be provided as a control signal
providing one or more commands according to the Digital
Addressable Lighting Interface (DALI) protocol specified
in Appendix E.4 of the International Electrotechnical
Commission (IEC) standard 60929, in other words as
one or more DALI commands. A DALI command provid-
ed in an input control signal 115-i may e.g. specify a de-
sired or requested light intensity level associated with the
respective output current 125-i, thereby implying a re-
quest for a certain average current for the respective out-
put current 125-i, which may be converted into a corre-
sponding duty cycle in the driver 220, as will be described
in more detail hereinafter.

[0027] As a further example, an input control signal
115-1,115-2, ..., 115-n may be provided as a control sig-
nal comprising one or more commands according to the
1-10 V lighting control signaling, as described/specified
in Appendix E.2 of the International Electrotechnical
Commission (IEC) standard 60929. In such a signal the
voltage of the input control signal 115-i may serve as an
indication or as a request of the desired light intensity
level associated with the respective output current 125-
i implying a request for a certain average current for the
respective output current 125-i, as will be described in
more detail hereinafter. Figure 2 schematically illustrates
some components of a driver 220. The driver 220 com-
prises a control portion 230 for issuing control signals
235-1, 235-2, ..., 235-n to control provision of respective
driving currents 245-1, 245-2, ..., 245-n. The driver 220
further comprises power converter portions 240-1, 240-2,
..., 240-n for converting the operating power 117 sup-
plied thereto into said respective driving currents 245-1,
245-2, ..., 245-n. The power converter portions 240-i
serve as power source portions for providing the respec-
tive driving currents 245-i. The driving currents 245 may
be provided as separate output currents of the driver 220,
possibly via an output current portion (not shown) ar-
ranged to derive the output currents 125 on basis of the
driving currents 245. The driver 220 may operate e.g. as
the driver 120 of the arrangement 100 or 100, and hence
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the driving currents 245 may be provided e.g. as output
currents 125 of the arrangement 100 or 100'.

[0028] The control portion 230 is, preferably, config-
ured to issue the control signals 235-i as suitable signals
exhibiting a duty cycle D; at the cycle frequency f,. An
example of such a signal is a PWM signal exhibiting the
duty cycle D;at the cycle frequency f,. Figure 3 provides
an example of a PWM signal, i.e. a square wave signal
consisting of a sequence of cycles, each cycle having an
active period (active state, ’high’ state) of duration {,,, a
non-active period (non-active state, ‘low’ state) of dura-
tion t,¢, and overall duration f.. The cycle duration t, can
be, alternatively, expressed as respective cycle frequen-
cy f, = 1/ t; indicating the number of cycles per second.
The duty cycle D may hence be expressed as D = ¢, /
t, = t,n * f,. The ’high’ state may be provided e.g. as a
voltage/current that is greater than or equal to a prede-
termined high threshold current while the ’low’ state may
be provided e.g. as a voltage/current that is smaller than
or equal to a predetermined low threshold. As a specific
example, assuming positive value of the high threshold,
the low threshold may be set to zero.

[0029] Instead of a PWM signal, a signal of other type
exhibiting the desired duty cycle D; may be employed as
the control signal 235, e.g. a square wave signal that
does not exhibit strictly constant cycle duration ¢, and
therefore may not qualify as a PWM signal according a
strict interpretation of the term PWM signal. As another
alternative, the control signal 235 may be provided as a
PWM-type signal consisting pulses (i.e. active periods
exhibiting the ’high’ state) having shape different from
square waves at the desired duty cycle D;.

[0030] The duty cycle D; is, preferably, set in accord-
ance with the respective input control signal 115-i. The
duty cycles D; may be the same across all control signals
235 or the duty cycles D;may vary from one control signal
235 to another. In case the input control signal 115-i is
provided or received as one or more DALI commands
specifying or requesting a certain light intensity level for
the output current 125-i, the control portion 230 may be
configured to apply a predetermined mapping function
to convert the specified/requested lightintensity levelinto
the duty cycle D;for the corresponding control signal 235-
i. Along similar lines, in case the input control signal 115-
i is provided or received as one or more commands ac-
cording to the 1-10 V lighting control signaling specifying
or requesting a certain light intensity level or a certain
average current for the output current 125-i, the control
portion 230 may be configured to apply a(nother) prede-
termined mapping function to convert the specified/re-
quested light intensity level into the duty cycle D; for the
corresponding control signal 235-i.

[0031] The control signals 235 may employ a fixed pre-
determined cycle frequency f,. The applied cycle fre-
quency fy, may be e.g. in the range 150 to 1000 Hz. The
applied cycle frequency fy, may be determined in ac-
cordance with the number of driving currents 245 em-
ployed by the driver 220. Alternatively, the control signals
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235 may employ cycle frequency f, that is selected in
accordance with the desired duty cycle, e.g. such that a
lower duty cycle implies lower cycle frequency and vice
versa. In case the applied cycle frequency f, is changed
during operation of the driver, it is preferably changed
simultaneously or essentially simultaneously for all con-
trol signals 245. As an example regarding dependence
between the cycle frequency f, and the duty cycle(s) D;
applied in the control signals 235, the driver 220 may be
configured to apply a first cycle fy, y frequency if the
duty cycles D; are greater than or eaual to a predeter-
mined threshold duty cycle Dy and to apply otherwise
a second cycle frequency f, | thatis lower than the first
cycle frequency fy . As another example, the driver
220 may be configu?ed to apply a mapping function for
determining the cycle frequency f;, on basis of the duty
cycles D; such that a lower duty cycle implies lower cycle
frequency. In case different duty cycles D; are applied for
the control signals 235, the lowest duty cycle D; among
the control signals 235 may determine the cycle frequen-
cy applied in all control signals 235.

[0032] The control portion 230 is configured to issue
the control signals 235-1, 235-2, ..., 235-n in predeter-
mined time offsets with respect to each other. Providing
the control signals 235-1, 235-2, ..., 235-n in suitably se-
lected predetermined time offsets contributes to provid-
ing the respective output currents 125-1, 125-2, ..., 125-
n in respective time offsets (or, broadly, in respective
phase differences) in relation to each other. In thisregard,
the control signals 235 may be considered as synchro-
nized control signals in the sense of employing the same
or essentially similar cycle frequency fy,. On the other
hand, the control signals 235 are not time-aligned but
exhibit said predetermined time offsets with respect to
each other, such that the starting times of corresponding
cycles of the control signals 235 are separated in time
by the amount defined by the respective time offsets.
[0033] A purpose of such provision of the control sig-
nals 235 is to reduce or even eliminate the time periods
during which none of the respective output currents 125
is in active state. Consequently, when the output currents
125 are coupled to drive the single LED array 170, the
periods during which the LED array 170’ is not providing
light (i.e. the periods when none of the output currents
125 is in active state or, conversely, when all output cur-
rents 125 are in non-active state) are made shorter. Along
similar lines, when the output currents 125 are coupled
to drive the plurality of LED arrays 170 arranged in a
single light fixture or luminaire, the periods during which
the light fixture or luminaire is not providing light are made
shorter. In particular, setting the control signals 235-i to
employ suitable duty cycles D;, suitable cycle frequency
f.yy and suitable time offsets with respect to each other
enables jointly employing the output currents 125-1,
125-2, ..., 125-n to drive the LED array(s) 170, 170’ ac-
cording to an effective duty cycle D, ; at an effective cycle
frequency £, that is higher than the cycle frequency f
of the control signals 235 e.g. to cause the LED array(s)
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170, 170’ to provide light at desired light intensity level
(corresponding to the effective duty cycle D), e.g. to
provide desired dimming of light provided by the LED
array(s) 170, 170’. A particular advantage arising from
such an approach is that the LED arrays 170, 170’ can
be effectively driven according to a high cycle frequency
while still employing a low cycle frequency for deriving
each of the individual output currents 125-i.

[0034] The time offsets may be expressed directly as
time (e.g. in milliseconds or nanoseconds) or e.g. in re-
lation to the overall cycle duration t, as a percentage of
cycle duration. The time offset between the control sig-
nals 235 may be also referred to as phase differences
between the control signals 235. In this regard, the terms
phase and phase difference are used in a broad sense,
indicating the degree of time difference {4 between two
control signals 235 in relation to the overall cycle duration
t. as 'angle’ ¢ in the range 0 ... 360° such that the time
difference fy; = (¢ / 360°) * ¢,

[0035] Provision of the control signals 235-1, 235-2,
..., 235-n in advantageous time offsets (or time differ-
ences, phase differences) with respect to each other and
the relationship between the duty cycles D;and the cycle
frequency f,, applied in the controls signals 235-i and
the resulting effective duty cycle D, and the effective
cycle frequency f,; is discussed in detail hereinafter.
[0036] The control portion 230 may be configured to
issue the control signals 235 independently of each other,
thereby directly providing two or more control signals 235
exhibiting desired time offsets with respect to each other.
[0037] As another example, the control portion 230
may be configured to issue a single source control signal
and to apply time-shifting to the single source control
signal to generate the two or more control signals 235
exhibiting the desired time offsets with respect to each
other, i.e. two or more synchronized control signals 235
exhibiting desired time offsets between each other. In
particular the single source control signal may constitute
as such one of the control signals 235, whereas the other
control signals 235 are generated by time-shifting. As a
variation of this example, instead of a single source con-
trol signal there may be a number of source control sig-
nals that are time-shifted to generate the two or more
control signals 235 exhibiting the desired time offsets with
respect to each other.

[0038] As a further example in this regard, the control
portion 230 may be configured to issue two or more syn-
chronized and time-aligned source control signals where
the corresponding cycles of the control signals 235 co-
incide in time, and to apply time-shifting to at least one
of these synchronized source control signals in order to
provide the two or more control signals 235 exhibiting
predetermined time offset with respect to each other. In
practice, this may include providing one of the synchro-
nized source control signals as such as the respective
control signal 235 while the other one or more synchro-
nized source control signals are time-shifted to introduce
the desired time offsets with respect to the non-shifted
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synchronized source control signal.

[0039] Quite obviously, in case of the desired duty cy-
cle D;for all control signals 235 being 100 %, issuing the
control signals in different phases is likely not to make
any difference in characteristics of light provided by the
LED array 170’ or by the plurality of LED arrays 170. The
same applies also for the case where there is only a single
control signal 235 for which the desired duty cycle D; that
is less than 100 %, Hence, the control portion 230 may
be configured to issue the control signals 235 in different
phases (only) in response to the desired duty cycles D;
being less than 100 % for more than two control signals
235.

[0040] The powerconverter portions 240-i may be pro-
vided as switched-mode converters configured to con-
vert the operating power 117 provided as input thereto
at a first voltage into respective driving currents 245-i. A
switched mode converter may be embodied as a buck
converter or another suitable converter for converting a
first DC voltage into a second DC voltage according to
desired voltage conversion characteristics. Such power
converters are known in the art. Each of the power con-
verter portions 240-i is preferably configured to provide,
when enabled, the respective driving current 245-i at con-
stant or essentially constant predetermined level. More-
over, each of the power converter portions 240-i is typi-
cally arranged to provide the driving current at the same
or at similar level. Alternatively, the power converter por-
tions 240-i may be configured to provide, when enabled,
constant or essentially constant output voltage.

[0041] As an example in this regard, each power con-
verter portion 240 may be embodied as a buck converter.
Figure 4 schematically illustrates a buck converter ar-
ranged to drive the LED array 170-i. This exemplifying
buck converter receives the operating power via the input
Vi, and comprises a switch S, a diode D, an inductor L
and a capacitor C. The driving circuitry DRV is arranged
to operate, i.e. to periodically open and close at a fre-
quency significantly higher than the cycle frequency f,
the switch S in a suitable manner in order to result in a
desired output current to be provided via the inductor L
to the LED array 170-i exemplifying a load coupled to the
exemplifying buck converter. Suitable driving circuits
DRYV are known in the art, and further details regarding
the operation logic of the driving circuit DRV are outside
the scope of the present invention.

[0042] The control signal 235-i may be provided as an
input to the driving circuitry DRV of the buck converter
serving as the power converter portion 240-i, and the
driving circuitry DRV is configured to operate the switch
S to provide the respective driving current 245-i during
active periods of the control signal 235-i, while on the
other hand the driving circuitry DRV is configured to keep
the switch S in open state during non-active periods of
the control signal 235-i, thereby providing the driving cur-
rent 245-i as zero current or current that is essentially
zero. In other words, the control signal 235-i causes the
power converter portion 240-i to enable and disable pro-
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vision of the driving current 245-i in accordance with the
control signal 235-i. Consequently, the driving current
245-i exhibits alternating active and non-active periods
following or at least approximating the duty cycle D; and
the cycle frequency f,, of the control signal 235-i. More-
over, also the phase of the driving current 245-i follows
that of the control signal 235-i in relation to the phases
of the driving currents 245 derived in control of the other
control signals 235. Hence, during active periods the driv-
ing currents 245-i exhibit the constant (predetermined)
current, whereas during non-active periods the driving
currents 245-i exhibit zero current or current that is es-
sentially zero, resulting in an average current corre-
sponding to the requested light intensity level.

[0043] As pointed out hereinbefore, the control portion
230 is configured to issue the control signals 235 such
that they exhibit predetermined time offset with respect
to each other. In particular, the control portion may be
configured to issue the control signals 235 in evenly dis-
tributed time offsets. In other words, the time offsets for
the control signals 235 are preferably set such that they
are evenly distributed over the total cycle duration .. In
other words, assuming that the driver 220 is arranged to
provide N driving currents 245, the control portion 230
may be configured to issue the control signals 235-i,
where i =1 ... Nin phases (i - 1) * (360° / N). Timing-
wise, the even distribution of phases among the N control
signals 235-i results in respective cycles to commence
at temporal intervals of ty = t. / N. Consequently, as-
suming a cycle in the control signal 235-1 commencing
attime t,, the corresponding cycle commences in control
signals 235-i at t; =ty + (i-1) * tyis-

[0044] As an example, in case of N=2 the time offset
between the two control signals 235-1 and 235 is 50 %
(or t,/ 2), the two controls signals 235-1 and 235-2 may
be considered to be in opposite phases. This also implies
time offsets evenly distributed over the overall duration
of the cycle t.. If using the phase shift (or phase differ-
ence) as the measure in this regard, the two control sig-
nals 235-1 and 235-2 exhibit phase difference of 180°,
thereby setting the two controls signals 235-1 and 235-2
in opposite phases. As another example, in case of N=4
the phases of the four control signals 235-1 to 235-4 may
be issued in time offsets of 25 % (i.e. t; / 4) to provide
even distribution over the overall cycle duration {,, there-
by corresponding to phases set into 90° intervals.
[0045] The effect of evenly distributed phases is illus-
trated in Figure 5a by using N=2 as an example. The
curve (a) of Figure 5a indicates a first control signal em-
ploying a first duty cycle D; = t,,4 / t, and a cycle fre-
quency fyy corresponding to cycle duration ., the curve
(b) indicates a second control signal employing a second
duty cycle D,= D, (with t,,» = t,,4) atthe cycle frequency
f+t» Which in this example is approximately 16.7 %. The
first and second control signals 'take turns’ in providing
active periods, the curve (c) indicates the combined effect
of the first and second control signals. Applying the time
offset of {, / 2 for these two exemplifying control signals
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results in the combined effect of the first and second con-
trols signals resulting in duty cycle Dg,,, =D;+ D,=2"
D, and the cycle duration f,_ ¢, = t;/ 2 hence implying
the cycle frequency fy,, = 2 * f.yy, @s also comparison of
the curves (a) and (b) to the curve (c) of Figure 5a indi-
cates. Consequently, the resulting duty cycle D, is ap-
proximately 33.3 %. This also generalizes into any
number of N control signals employing the same duty
cycle D at the same cycle frequency f.y, resulting in a
combined effect amounting to the duty cycle Dg,,, = N *
D and the cycle frequency f,,,, = N * .
[0046] Since, as described hereinbefore, the driving
currents 245-ifollow the duty cycle D;, the cycle frequency
f.tr» @and the phase of the respective control signals 235-
i, the output currents 125-i derived on basis of the driving
currents 245 and coupled to the single LED array 170’
(asillustrated in context of the arrangement 100) may be
employed to drive the LED array 170’ at an effective duty
cycle D,,,; approximating the duty cycle Dy, and at an
effective cycle frequency f,;; that approximate the cycle
frequency f,,,. Along similar lines, the output currents
125-i coupled to the LED arrays 170-i, respectively (as
illustrated in context of the arrangement 100’) may be
employed to drive a luminaire comprising the LED arrays
170-i at the effective duty cycle D, approximating the
duty cycle D, and at an effective cycle frequency £
that approximates the cycle frequency f;,,,. A benefit of
such an approach is that it allows increasing the effective
cycle frequency provided in the output currents 125-i
without the need to increase the cycle frequency applied
in the control signals 235-i. Thus, any flicker in the re-
sultant light is at a higher frequency, while the accuracy
of the lightintensity control is not compromised. To further
illustrate the effective duty cycle D, and the effective
cycle frequency £, ;in the output currents 125-i, the curve
(d) of Figure 5a schematically illustrates the variations in
the level of the sum of output currents 125 (denoted as
l405 in Figure 5a) provided to the single LED array 170’
or to the LED arrays 170-i on basis of the first and second
control signals.

[0047] Figure 5b provides another example of evenly
distributed phases, again by using N=2 as an example.
This example corresponds to the example of Figure 5a
with the difference that the duty cycle D, = D, is approx-
imately 67.7 %, as illustrated by curves (a) and (b). Con-
sequently, as the resulting variation in the level of sum
ofthe output currents 125illustrated in curve (c) indicates,
the effect for the cycle frequency is actually the same as
in the example of Figure 5a, i.e. the cycle frequency is
doubled to fy,,, =2 * fy,. On the other hand, the combined
signal is continuously in the active state, although there
signal level varies periodically at the cycle frequency f
= 2" fy4,. Consequently, the duty cycle D, in the com-
bined signal may be considered to be 100 %. This gen-
eralizes into any number of N control signals employing
the same duty cycle D at the same cycle frequency fy,
resulting in a combined effect amounting to the duty cycle
Dg,m = max(100 %, N * D) and the cycle frequency f,,
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= N* fy,. If arranged to drive the single LED array 170’,
the sum of output currents 125, as indicated by the curve
(c) of Figure 5b, exhibits periodic variation, which may,
consequently, result in corresponding variation in the
color or color temperature of the light provided by the
single LED array 170’. Along similar lines, if arranged to
drive the plurality of LED arrays 170 in a luminaire, the
momentary lighting level provided by the luminaire may
exhibit variation in intensity of light provided by the LED
arrays 170 in accordance with the variation in the sum
of the output currents 125.

[0048] Figure 6a provides a further example. Also in
this case N=2 and the phases are evenly distributed by
setting the time offsets such that the beginnings of the
non-active periods in the two control signals are offset
by t./2. In other words, in this example the beginning of
anon-active period of a cycle serves as a reference point
in determination of the time offsets between the control
signals. The difference to the example of Figures 5a and
5b is that the first control signal employs the first duty
cycle D, and the cycle frequency f,, (curve (a)) while the
second control signal employs a second duty cycle D, =
D, (with t,,» # t,,¢) at the cycle frequency f, (curve (b)).
The combined effect of the first and second control sig-
nals now exhibits cycles of fixed duration f,_g,m1 = to.sum2
=1,/ 2 implying the cycle frequency fg,, = 2 * fy, while
the duty cycle alternates between Dg 1 = o1 / to.sumi
and Dgmo = tona / t..sum1, @nd the corresponding effect
can be seen in the sum of the output currents schemat-
ically illustrated in curve (c). However, over a pair of such
cycles - and in general over a plurality of pairs of such
cycles - the (effective) duty cycle Dy, of the combined
effect becomes Dy, = D; + D, as in case illustrated in
context of Figure 5a despite the different duty cycles D,
and D, employed in the first and second control signals.
This generalizes into any number of N control signals
employing the different duty cycles D; at the same cycle
frequency f,, resulting in a combined effect that
amounts to the duty cycle Dy, = Dy + D, + ... + Dy and
the cycle frequency f, = N * fiiy-

[0049] Figure 6b provides yet another example in this
regard. Also in this case N=2 and the phases are evenly
distributed by setting the time offsets such that the be-
ginnings of the active periods in the two control signals
are offset by t./ 2. Hence, the difference to the example
of Figure 6a is that the reference point for determining
time offset is in the beginning of an active period instead
of in the beginning of a non-active period. Also in this
case the combined effect of the first and second control
signals now exhibits cycles of fixed duration t, ¢ ,n1 =
to.sum2 =t/ 2 implying the cycle frequency fg,m =2 * fyy,
while the duty cycle alternates between Dgp,1 = tyn4 /
t:.sum1 @nd Dgmo = tono / T sume» @nd the corresponding
effect can be seen in the sum of the resulting output cur-
rents schematically illustrated in curve (c). Consequently,
the (effective) duty cycle Dy, of the combined effect
becomes Dy, = D; + D, as in case illustrated in context
of Figures 5a and 6a despite the different duty cycles D,
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and D, employed in the first and second control signals.
This generalizes into any number of N control signals
employing the different duty cycles D; at the same cycle
frequency f,, resulting in a combined effect causing the
duty cycle Dy, = Dy + D, + ... + Dy, and the cycle fre-
quency fyyum = N * fe
[0050] Figure 7 provides yet another example in this
regard by using N=2. As in the example of Figure 6, the
first control signal employs the first duty cycle D; and the
cycle frequency f, (curve (a)) while the second control
signal employs a second duty cycle D, # D, (with t,, #
t,n1) at the cycle frequency £, (curve (b)). The phases
of the first and second control signals are in this example
evenly distributed by using the mid-points of an active
period of a cycle as the reference point for determining
the time offsets and by setting the time offsets such that
the mid-points of the active-periods in the two control
signals are offset by ./ 2. The combined effect of the
first and second control signals now exhibits cycles hav-
ing duration that alternates between t, 1 and f,q m2
where t, o m1 # tosum2 @s can be seen in the sum of the
resulting output currents schematically illustrated in
curve (c). Regardless, the cycle frequency over the pair
of cycles - and in general over a plurality of pairs of such
cycles - is fgy,, = 2 * fy; while the duty cycle alternates
between Dsum1 = ton1 It -sum1 and Dsum2 = ton2 It -sum1-
The duty cycle over a pair of such cycles and/or over a
plurality of pairs of such cycles is again Dg,, = D; + D,
as in case illustrated in context of Figures 5a, 5b, 6a and
6b despite different duty cycles D; and D, and different
phase alignment between the control signals. Hence, al-
so this generalizes into any number of N control signals
employing the different duty cycles D; at the same cycle
frequency fy, resulting in a combined effect amounting
to the duty cycle Dy, = D4+ D, + ... + Dyyand the cycle
frequency fym = N * foyy.

[0051] While the above examples employ even distri-
bution of the time offsets over the duration of the cycle
at of the controls signals 235, distribution different from
the even one may be applied. As an example in this re-
gard, small variation or ripple in time offsets between the
control signals 235 may be allowed. As another example,
the time offsets between the control signals 235 may be
set to differ from each other according a predetermined
rule such that the resulting distribution of phases over
the total duration of the cycle t, is not even.

[0052] Therefore, the controller entity 110 may be ar-
ranged to provide the control signals 115 to cause the
control portion 230 to set the duty cycles D; to values
whose sum is equal to or approximates the desired ef-
fective duty cycle D, ;. As an example, the input control
signals 115 may be arranged to request the driver 220
to provide the same duty cycle D;, determined by dividing
the desired effective duty cycle D, ; by the number of
power converter portions 240 applied in the driver 220.
[0053] As already pointed out in context of Figure 5b,
the above considerations regarding the sum of the duty
cycles Dy, serving as an indication of the effective duty
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cycle Dy, that can be obtained as combination of the
output currents 125-i fully applies for the scenario where
the active periods of the control signals 235 (and hence
the active periods of the driving currents 245) do notover-
lap in time. On the other hand, in case there is temporal
overlap between the active periods of the control signals
235, the resulting effective duty cycle D, ,; may be smaller
than the sum of the duty cycles Dg,,,. In particular, in
case the input control signals 115 causing the control
portion 230 to set the duty cycles D; to values whose sum
is greater than 100 %, the resulting effective duty cycle
will be 100 %. Regardless, even in case of partial tem-
poral overlap between the active periods of the output
currents 125 the periods during which none of the re-
spective output currents 125 is in active state are short-
ened and/or made less frequent, and hence the periods
during which the LED array 170’ is or the plurality of LED
arrays 170 are not providing any light are likewise short-
ened and/or made less frequent.

[0054] As indicated by the examples provided herein-
before, with suitable phase differences between the con-
trol signals 235, N power converter portions 240 may be
employed to provide N driving currents 245 in order to
enable increasing the cycle frequency f,, applied within
the driver 220 to provide the individual driving currents
245 by the factor N into the effective cycle frequency fg,,,
= N* fy Hence, using N=2 already enables doubling the
cycle frequency from that applied within the driver to pro-
vide the individual driving currents 245, thereby providing
a significant advantage over a conventional approach.
Hence, the appropriate number of the power converter
portions may be selected e.g. in view of the applied or
applicable cycle frequency f; in relation to the desired
or required effective cycle frequency f,,. This selection
may be made (further) in view of limitations with respect
to the physical size of the driver 220, standards or regu-
lations prohibiting the light provided by the LED light
sources from flickering at a certain frequency or within a
certain range of frequencies, etc.

[0055] Figure 8 schematically illustrates some compo-
nents of a driver 320. A number of components of the
driver 320 are similar to the corresponding components
of the driver 220. In particular, the control portion 230
and the power converter portions 240 are configured to
operate in a manner described in context of the driver
220. Like the driver 220, also the driver 320 may operate
e.g. as the driver 120 of the arrangement 100 or 100’
and hence the driving currents 245 of the driver 320 may
be provided e.g. as output currents 125 of the arrange-
ment 100 or 100".

[0056] A difference to the driver 220 is that in the driver
320 the control signals 235-1, 235-2, ..., 235-n issued by
the control portion 240 are provided to control respective
switches 350-1, 350-2, ..., 350-n arranged to control pro-
vision of the respective driving currents 245-1, 245-2, ...,
245-n for the output of the driver 320. In particular, the
control signal 245-i is arranged to control the respective
switch 350-i such that the switch 350-iis kept closed dur-
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ing active periods of the control signal 235-i while the
switch 350-i is kept in open state during non-active peri-
ods of the control signal 235-i. In other words, the switch-
es 350-i are controlled to enable or disable provision of
the respective driving current 245-i as the output current
115-i of the driver 320. Consequently, the respective driv-
ing current 245-i, as provided to the output of the driver
320, is caused to exhibit alternating active and non-active
periods following or at least approximating the duty cycle
D; and the cycle frequency f, of the control signal 235-
i. Moreover, also the phase of the driving current 245-i
follows that of the control signal 235-i in relation to the
phases of the driving currents 245 derived in control of
the other control signals 235. Therefore, during active
periods the driving currents 245-i exhibit the constant
(predetermined) current, whereas during non-active pe-
riods the driving currents 245-i exhibit zero current or
current that is essentially zero, resulting in an average
current corresponding to the requested light intensity lev-
el,

[0057] Figure 13 schematically illustrates some com-
ponents of a driver 620. A number of components of the
driver 620 are similar to the corresponding components
of the drivers 220 and 320. In particular, the control por-
tion 230 is configured to operate in a manner described
hereinbefore in context of the driver 220 and/or, 320. Like
the drivers 220 and 320, also the driver 620 may operate
e.g. as the driver 120 of the arrangement 100 or 100,
and hence the driving currents 245 of the driver 620 may
be provided e.g. as output currents 125 of the arrange-
ment 100 or 100°.

[0058] Instead applying the power converter portions
240, the driver 620 comprises a voltage source portion
640 serving as a power source portion for providing the
driving currents 245-i. The voltage source portion 640 is
configured to provide constant or essentially constant
driving voltage for provision of the driving currents 245-
i. On the other hand, like the driver 320, also the driver
620 comprises the switches 350-i arranged to control pro-
vision of the respective driving currents 245-i in control
of the respective control signal 245-i: along the lines de-
scribed forthe driver 320, also in the driver 620 the control
signal 245-i is arranged to control the respective switch
350-i such that the switch 350-i is kept closed during ac-
tive periods of the control signal 235-i while the switch
350-i is kept in open state during non-active periods of
the control signal 235-i, thereby resulting in the respec-
tive driving currents 245-i exhibiting alternating active
and non-active periods following or at least approximat-
ing the duty cycle D, the cycle frequency f, and phase
of the control signal 235-i. Hence, during active periods
the driving currents 245-i exhibit the driving voltage, while
during non-active periods the driving currents 245-i ex-
hibit voltage that is zero or essentially zero, thereby re-
sulting in an average voltage corresponding to the re-
quested light intensity level. The driving currents 245-i
are provided as respective output currents 125-i of the
driver 620.
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[0059] The voltage source portion 640 may comprise
a single power converter portion arranged to provide the
constant driving voltage for provision of the driving cur-
rents 245-i on basis of the operating power 117 supplied
to the driver 620. The single power converter portion may
be provided e.g. as a switched-mode converters config-
ured to convert the operating power 117 provided at a
first voltage into the predetermined (constant) driving
voltage. Alsointhis context, the switched mode converter
may be embodied as a buck converter or another suitable
converter for converting a first DC voltage into a second
DC voltage according to desired voltage conversion char-
acteristics. General operation of a buck converter is well
known for a person skilled in the art - and also briefly
described in context of the power converter portions 240.
However, in context of the driver 620 the buck converter
may be operated independently of the control signal 235-
i, i.e. the driving circuit DRV is arranged to continuously
operate the switch S to cause the buck converter to pro-
vide the driving voltage.

[0060] Instead of applying the power converter portion,
the operating power 117 supplied to the driver 620 may
be provided directly at the desired driving voltage. Con-
sequently, the voltage source portion 640 may be ar-
ranged to pass the input voltage as the driving voltage
for provision of the driving currents 245-i and the voltage
source portion 640 may hence be provided without power
converter portion.

[0061] Figure 9 schematically illustrates a third exem-
plifying arrangement 400 as a variation of the first ar-
rangement 100. The difference to the arrangement 100
is that a controller entity is arranged to issue a single
input control signal 115’ instead of the input control sig-
nals 115-i applied in the arrangement 100, while a driver
420 of the arrangement 400 is arranged to receive the
single input control signal 115’ and to provide a single
output current 125’ instead of the output currents 125-i
applied in the arrangement 100.

[0062] Figure 10 schematically illustrates a fourth ex-
emplifying arrangement 500 as another variation of the
first arrangement 100. As in the arrangement 400, the
difference to the arrangement 100 is that the controller
entity 410 is arranged to issue the single input control
signal 115’. While illustrated in Figure 10 as variation of
the arrangement 100, respective variations may be pro-
vided on basis of the arrangement 100’ as well.

[0063] The drivers 420 and 520 may be provided e.g.
as a variation of any of the drivers 220, 320 and 620
described hereinbefore. The difference to the drivers
220, 320 and 620 is that due to receiving the single input
control signal 115’ (instead of the plurality of control sig-
nals 115), the control portion 230 is configured to derive
the duty cycles D; to be applied in the respective control
signals 235-i on basis of the characteristics of the single
input control signal 125’. For the driver 420 a further dif-
ference to the drivers 220, 320 and 620 is that the driver
420 comprises an output portion configured to combine
the driving currents 245 into a single output current 125’,
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thereby providing the single output current 125’ as a com-
bined signal employing the effective duty cycle D, at
the effective cycle frequency £, ; in accordance with the
duty cycles D;, the cycle frequency f, and the time off-
sets introduced to the control signals 245-i.

[0064] The drivers 420 and 520 are advantageous in
thatthey may be provided as entities employing a smaller
number of input lines for provision the input control sig-
nal(s) compared to drivers 220, 320 and 620.

[0065] As described hereinbefore in context of the plu-
rality of input control signals 115, as an example, the
single input control signal 115’ may provide one or more
DALI commands or one or more commands according
to the 1-10 V lighting control signaling specifying or re-
questing a desired light intensity level to be provided by
(the combination of) the output currents 125 or by the
single output current 125’. The control portion 230 may
be configured to apply respective predetermined map-
ping function to determine the corresponding desired du-
ty cycle D;, on basis of the specified/requested light in-
tensity level. The control portion 230 may be configured
to derive the duty cycles D, for the respective control sig-
nals 235-i on basis of the value D;,. Some examples of
mapping a command or request received in the single
input control signal 115’ are described in the following.
[0066] As an example, the single input control signal
115’ may provide a DALI command or a command ac-
cording the 1-10 V lighting control signaling addressed
to the driver 420 or 520 as a whole, the command indi-
cating a request to provide a desired light intensity level
by the single output current 125’ or the desired light in-
tensity level by (the sum of) the plurality of output currents
125. In such an arrangement the control portion 230 may
be configured to apply a (respective) predetermined
mapping function to determine the duty cycle D;, corre-
sponding to the requested light intensity level, to select
the duty cycles D, for the respective control signals 235-
i on basis of the value Dy, e.g. such that the sum of the
duty cycles D; equals to Dy, and to issue the control sig-
nals 235-i at respective duty cycles. Hence, in such a
scenario the driver 420 or 520 is provided with an indi-
cation of the desired light intensity level, while the control
logic required to determine the actually applied duty cy-
cles D, in the individual control signals 245-i is located in
the control portion 230. The operation of the driver 420
or 520 otherwise follows that of the driver 220 or 320 e.g.
within framework of the arrangement 100 or the arrange-
ment 100°. The control portion 230 may be configured to
set duty cycles D, such that their sum equals to the duty
cycle Dy, e.g. such that D; = Dy, / N, where N denotes
the number of driving currents 245 applied in the driver
420 or 520. If the driver 420 or 520 is configured to dis-
tribute the time offsets evenly or essentially evenly over
the overall cycle duration {, this serves to ensure that
only one of the output currents 125-iis active at any given
moment of time, thereby contributing to the resulting color
or color temperature of light provided by the single LED
array 170’ being perceived by a human observer as con-
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stant or essentially constant.

[0067] Alternatively, for the driver 520, the single input
control signal 115’ providing a DALI command or a com-
mand according the 1-10 V lighting control signaling ad-
dressed to the driver 420 or 520 as a whole may indicate
a request to provide the desired light intensity level in
each of the output current 125-i. Consequently, the de-
termined duty cycle D;, corresponding to the requested
light intensity level may be applied as the duty cycle D,
for each of the control signals 235-i. Since in such a sce-
nario the light intensity levels provided by the output cur-
rents 125-i are individually controlled outside the driver
520, the entity providing the requests (e.g. the control
entity 110) is responsible for requesting the light intensity
levels for the output currents 125-i such that their com-
bined contribution results in desired overall light intensity
level.

[0068] As another example, in the driver 520 a sepa-
rate DALI address may have been assigned to each out-
put current 125-i, and the single input control signal 115’
may provide a DALI command addressed to a certain
output current 125-i or two or more DALI command ad-
dressed to respective two or more output currents 125-
i, eachcommand indicating arequestto provide a desired
light intensity level by the respective driving current 245-
i. In such an arrangement the control portion 230 may be
configured to apply a (respective) predetermined map-
ping function to determine the duty cycle D; correspond-
ing to the requested light intensity level for the driving
current 245-i, and to issue the control signals 235-i at
respective duty cycles. In such a scenario the control
logic for selecting the desired light intensity levels is lo-
cated outside the driver 520 (e.g. in the controller entity
110), whereas the control logic required to determine the
actually applied respective duty cycles D, is located in
the control portion 230 of the driver 520. As in the previous
example, also in this scenario the output currents of the
driver 520 follow the commands/requests received in the
input control signal 115’, and hence the requesting entity
(e.g. the control entity 110) is responsible for requesting
the light intensity levels for the output currents 125-i such
that their combined contribution results in desired overall
light intensity level.

[0069] The operations, procedures and/or functions
assigned to the structural units described in the context
of the driver 220, 320, 420, 520, 620 may be provided
as steps of a method. As an example, such a method for
driving one or more light emitting diodes 170, 170’ may
be carried out by a driver apparatus, the driver apparatus
comprising one or more power source portions for pro-
viding two or more driving currents 245, the method com-
prising issuing two or more control signals 235 for con-
trolling the provision of two or more driving currents 245,
each control signal 235 exhibiting a respective duty cycle
D, at a first cycle frequency f,,, wherein the two or more
control signals 235 are synchronized control signals ex-
hibiting predetermined time offsets with respect to each
other for provision of the two or more driving currents 245
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in different phases.

[0070] The control portion 230 of the driver apparatus
220, 320, 420, 520, 620 may be provided by hardware
means, by software means, or by combination of hard-
ware and software means. As a particular example, the
control portion 230 may be provided as an integrated
circuit (IC) or as a processor carrying out instructions
stored in a memory, which instructions control provision
of the control signals 235 as described hereinbefore. The
IC or the processor may be provided with output lines
(e.g. output pins) via which the control signals 235 are
provided.

[0071] Figure 11 schematically illustrates an exempli-
fying apparatus 700 that may be employed forembodying
at least the control portion 220 of the driver 220, 320,
420,520, 620. The apparatus 700 comprises a processor
710 and a memory 720, the processor 710 being config-
ured to read from and write to the memory 720. The ap-
paratus 700 may further comprise further structural units
or portions. Although the processor 710 is illustrated as
a single component, the processor 710 may be imple-
mented as one or more separate components. Although
the memory 720 is illustrated as a single component, the
memory 720 may be implemented as one or more sep-
arate components.

[0072] The memory 720 may store a computer pro-
gram 750 comprising computer-executable instructions
thatcontrol the operation of the apparatus 700 when load-
ed into the processor 710 and executed by the processor
710. As an example, the computer program 750 may
include one or more sequences of one or more instruc-
tions. The computer program 750 may be provided as a
computer program code. The processor 710 is able to
load and execute the computer program 750 by reading
the one or more sequences of one or more instructions
included therein from the memory 720. The one or more
sequences of one or more instructions may be configured
to, when executed by one or more processors, cause the
apparatus 700 to implement the operations, procedures
and/or functions described hereinbefore in context of the
control portion 220.

[0073] Hence, the apparatus 700 may comprise at
least one processor 710 and at least one memory 720
including computer program code for one or more pro-
grams, the at least one memory 720 and the computer
program code configured to, with the at least one proc-
essor 710, cause the apparatus 700 to perform the op-
erations, procedures and/or functions described herein-
before in context of the control portion 220.

[0074] Figure 12 schematically illustrates an example
circuit 800 that may be employed for embodying the con-
trol portion 220 of the driver 220, 320, 420, 520, 620. The
circuit 800 comprises three ’stages’, arranged to derive
the control signals CTRL4, CTRL, and CTRL5, respec-
tively. Each of the control signals CTRL,; is based on a
source control signal CTRL;, and the reference signal
REF,; of the respective stage. The source control signal
CTRL;, may a control signal derived on basis of a com-
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mand or requestreceived in the single input control signal
115’ or on basis of command(s) or request(s) received
in the plurality of control signals 115, exhibiting duty cycle
corresponding the command(s)/request(s) at selected
cycle frequency. The control signals CTRL,, CTRL, and
CTRL3; may be provided as the control signals 235.
[0075] Thefirsttwo stages comprise anamplifier AMP;,
a resistor R; and a capacitor C; while the last stage com-
prises the AMP;, where the index i denotes the stage
number. In other words, the stages except the last one
comprise the respective amplifier AMP,, the respective
resistor R; and the respective capacitor C; while the last
'stage’ comprises the AMP;. The resistor R; and the ca-
pacitor C; at each stage implement the so-called RC cir-
cuit known in the art. At each stage, the components
corresponding to the resistor R; and the capacitor Ci are
selected to provide a desired delay in passing the input
control signal CTRL,, to the next stage, as described in
more detail in the following.

[0076] Assuming the cycle frequency fy, and hence
the cycle duration ty, = 1/ fy, the cycle duration can be
divided by the number N of control signals to be provided
fromthe circuit 800, i.e. inthis example N=3, to determine
the time shiftthat evenly distributes the phases of controls
signals CTRL;, i.e. as g = 1/ (fyq * N). As known in the
art, the capacitor of the RC circuit is fully charged after
being connected to a voltage source for a period of g
=5*1=5*R*C. In contrast, the capacitor of the RC
circuit is fully discharged after being disconnected from
the voltage source for the period of tg.. Therefore, in
order to provide the even distribution of the phases of
the control signals CTRL;, the time shift ¢y, should be
equal to tpc. This can be accomplished e.g. by selecting
the resistors R; and the capacitors C; according to C; = 1
/(5% R * fy * N) or by adjusting the f, to correspond
to the resistors R; and the capacitors C; of predetermined
values.

[0077] Consequently, when providing a control signal
consisting of alternating active and non-active periods,
such as a PWM signal or a variation thereof as described
hereinbefore, the RC circuit in each stage i of the circuit
800 provides an intermediate signal corresponding to the
shape of the input control signal CTRL,,, delayed by (i-
1) * tyi5 to the amplifier AMP; of the respective stage and
to the next stage i+1 of the circuit 800. The amplifiers
AMP;, in turn, are arranged to generate the respective
control signals CTRL; in accordance with the respective
intermediate signal and the reference signal REFi.
[0078] As an example, assuming the cycle frequency
500 Hz and three stages as in the circuit 800, the rela-
tionship between the resistors R; and the capacitors C;
becomes C; =1/ (5 * R, * fyy * N) = 1/ (7500 * R)).
Consequently, if selecting e.g. R; = 100 Q, the capacitor
C; should be selected to have the capacitance C; = 1/
(7500 * 100) ~ 1.33 pF.

[0079] Although described above by employing equal
time shift between two consecutive stages, thereby pro-
viding even distribution of phases, the above example
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generalizes into an arrangement where the time shift be-
tween two consecutive stages is not the same across
stages. In such an arrangement the sum of time shifts
overall stages is preferably the cycle duration f = 1/f .
[0080] Moreover, the circuit 800 is illustrated herein-
before with three stages, hence providing three control
signals. However, the circuit 800 generalizes to any
number of stages (two or more stages) and hence to any
number (two or more) control signals CTRL;. Moreover,
with suitable selection of components for each of the
stages, such a circuit may be arranged to provide desired
number of control signals 235 exhibiting desired phase
differences with respect to each other.

Claims

1. Adriver apparatus for driving one or more light emit-
ting diodes, the driver apparatus comprising
one or more power source portions for providing two
or more driving currents, and
a control portion for issuing two or more control sig-
nals for controlling the provision of two or more driv-
ing currents, each control signal exhibiting a respec-
tive duty cycle at a first cycle frequency,
wherein the control portion is configured to issue the
two or more control signals as synchronized control
signals in predetermined time offsets with respect to
each other for provision of the two or more driving
currents in different phases.

2. Adriver apparatus according to claim 1, wherein the
control portion is configured to
issue at least one source control signal, and
apply time-shifting to said at least one source control
signal to generate the two more control signals ex-
hibiting said predetermined time offsets with respect
to each other.

3. Adriver apparatus according to claim 1 or 2, wherein
the control portion is configured to issue the two or
more control signals in evenly distributed time off-
sets.

4. Adriver apparatus according to claim 3, wherein the
driver apparatus is configured to provide a predeter-
mined number N of driving currents and wherein the
control portion is configured to issue the respective
two or more control signals i = 1 ... N in time offsets
of 1/N of the total cycle duration.

5. Adriver apparatus according to any of claims 1 to 4,
wherein the control portion is further configured to
receive two or more commands or requests indica-
tive of the requested light intensity levels for the re-
spective driving currents derive duty cycles for the
two or more control signals corresponding to the re-
spective requested light intensity levels, and
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issue the two or more control signals at respective
derived duty cycles.

A driver apparatus according to any of claims 1 to 4,
wherein the control portion is further configured to
receive a single command or request indicative of
the requested light intensity level for the two or more
driving currents,

derive the duty cycles for the two or more control
signals such that the sum of the duty cycles corre-
sponds to the requested light intensity level, and is-
sue the two or more control signals at respective
derived duty cycles.

A driver apparatus according to any of claims 1 to 6,
wherein said one or more power source portions
comprise two or more power converter portions con-
figured to convert operating power supplied to the
driver apparatus into respective two or more driving
currents, and wherein the control portion is config-
ured to issue the two or more control signals to con-
trol respective two or more power converter portions
to cause the respective power converter portion to
enable and disable the provision of the driving cur-
rentin accordance with the respective control signal.

A driver apparatus according to any of claims 1 to 6,
wherein said one or more power source portions
comprise two or more power converter portions con-
figured to convert operating power supplied to the
driver apparatus into respective two or more driving
currents, and wherein the control portion is config-
ured to issue the two or more control signals to con-
trol respective two or more switches arranged to en-
able and disable provision of the respective driving
currents from the respective power converter portion
in accordance with the respective control signal.

A driver apparatus according to any of claims 1 to 6,
wherein said one or more power source portions
comprises a voltage source portion configured to
provide a constant driving voltage for provision of
the two or more driving currents, and

wherein the control portion is configured to issue the
two or more control signals to control respective two
or more switches arranged to control provision of the
driving voltage to provide the respective driving cur-
rents in accordance with the respective control sig-
nal.

Adriver apparatus according to claim 9, wherein said
voltage source portion comprises a power converter
portion for converting an input voltage supplied to
the driver apparatus into said driving voltage.

A driver apparatus according to any of claims 1 to
10, wherein the two or more control signals comprise
a series of cycles, each cycle consisting of an active
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period and a non-active period in accordance with
the respective duty cycle and the first cycle frequen-

cy.

A driver apparatus according to claim 11, wherein
the two or more control signals are provided as pulse-
width modulation signals.

A driver apparatus according to any of claims 1 to
12, wherein the apparatus is arranged to provide the
two or more driving currents as two or more separate
output currents of the driver apparatus.

A driver apparatus according to any of claims 1 to
11, wherein the apparatus further comprises an out-
put current portion configured to combine the two or
more driving currents into a single output current of
the driver apparatus.

An arrangement comprising a driver apparatus ac-
cording to claim 13 and two or more arrays of light
emitting diodes, wherein each of the two or more
separate output currents is coupled to a respective
one of the two or more arrays of light emitting diodes.

An arrangement comprising a driver apparatus ac-
cording to claim 13 and a single array of light emitting
diodes, wherein the two or more separate output cur-
rents are coupled to the single array of light emitting
diodes.

An arrangement comprising a driver apparatus ac-
cording to claim 14 and a single array of light emitting
diodes, wherein the single output current is coupled
to the single array of light emitting diodes.

Use of a driver apparatus according to claim 13 to
drive two or more arrays of light emitting diodes,
wherein each of the two or more output currents is
applied to drive a respective one of the two or more
arrays of light emitting diodes.

Use of a driver apparatus according to claim 13 to
drive a single array of light emitting diodes, wherein
the two or more output currents are appliedin parallel
to drive the single array of light emitting diodes.

Use of a driver apparatus according to claim 14 to
drive a single array of light emitting diodes, wherein
the single output currentis applied to drive the single
array of light emitting diodes.

A computer program for driving one or more light
emitting diodes, the computer program including one
or more sequences of one or more instructions
which, when executed by one or more processors,
cause a driver apparatus comprising one or more
power source portions for providing two or more driv-
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ing currents to at least issue two or more control sig-
nals for controlling the provision of two or more driv-
ing currents, each control signal exhibiting a respec-
tive duty cycle at a first cycle frequency, wherein the
two or more control signals are synchronized control
signals exhibiting predetermined time offsets with re-
spect to each other for provision of the two or more
driving currents in different phases.
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