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(57)  Atechnique for providing output current for one
ormore light-emitting semiconductor devices is provided.
According to an example embodiment, the technique
comprises controlling supply of said output current from
a power converter means for said one or more light-emit-
ting semiconductor devices and regulating electrical
characteristics of said output current in accordance with
requested light output characteristics, said regulating
comprising alternately enabling and disabling provision
of said output current at a selectable duty cycle to provide

Hybrid control of a driver for light-emitting semiconductor devices

duty cycle based output current limitation and controlling
provision of said output current at a selectable current
level to enable level based output current limitation, so
as to regulate the output current to exhibit an average
level that corresponds to said requested light output char-
acteristics by a combination of the duty cycle based out-
put current limitation and the level based output current
limitation in dependence of a selected one of a plurality
of different predefined mapping functions.
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Description
FIELD OF THE INVENTION

[0001] The example embodiments of the present in-
vention relates to control of a driver device for operating
one or more light-emitting semiconductor devices, such
as light emitting diodes (LEDs). In particular, one or more
example embodiments of the present invention relate to
controlling operation of a driver device for operating one
or more light-emitting semiconductor devices to provide
an output current that causes light output at a desired
level by using a suitable combination of duty cycle based
control and level based control of the output current.

BACKGROUND OF THE INVENTION

[0002] Lightfixtures that rely on light emitting semicon-
ductor devices such as light emitting diodes (LEDs) as
the source of light are typically provided with control
means for adjusting the light output level of the light fix-
ture. The adjustment is typically provided on basis of a
control signal or command received via a user interface
of the light fixture or via a central controller entity. In case
of LEDs, such control means may be provided as part of
a LED driver applied to operate the LEDs as current con-
trol means for regulating the characteristics of the output
current provided from the LED driver such thatlight output
at a desired light level is provided.

[0003] In this regard, the current control means in the
LED driver may apply duty cycle based control of output
current to cause alternately enabling and disabling pro-
vision of the output current from the LED driver in accord-
ance with applied duty cycle and cycle frequency. Con-
sequently, the output current is limited such that it (typi-
cally periodically or substantially periodically) varies be-
tween a nominal level (or a maximum level) and zero.
With suitable selection of the duty cycle and cycle fre-
quency a desired average level of the output current and,
consequently, a desired light output level from the LEDs
driven by the LED driver can be provided. Since the duty
cycle based control results in alternately switching the
light output from the LEDs on and off in accordance with
the enabled and disabled periods of provision of the out-
put current, the applied cycle frequency needs to be suf-
ficiently high to ensure that no perceivable flickering or
variations in the provided light level occur (especially at
low duty cycles) due to periods of the light output from
the LEDs being temporarily switched off. On the other
hand, the cycle frequency needs to be sufficiently low to
enable accurate control of light level.

[0004] As another example, the current control means
in the LED driver may be arranged to limit the level of the
output current to be lower than the nominal level set for
the LED driver. Hence, the nominal level may be applied
to provide the full light output level, whereas decreasing
the level of the output current to a lower value decreases
the provided light output level accordingly. Such control
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of light output level may be referred to as linear control
or amplitude control. A challenge in the linear control is
that color of light output provided from the LEDs typically
varies with the variations in the level of the output current.
Moreover, especially at low light output current levels the
accuracy of the output current measurement and adjust-
ment and, consequently, the accuracy of the control of
the light output level may not be sufficient.

[0005] A hybrid control that makes use of both the duty
cycle based control and the linear control may be applied
in order to provide a balance between requirements per-
taining to the allowable extent of possibly perceivable
flickering of light output and allowable extent of changes
in the color of light output. Known solutions in this regard
typically make use of the duty cycle based control only
at high light output levels, whereas a combination of the
duty cycle based control and linear control is applied at
low light output levels. However, known solutions only
aim to keep perceivable flickering of light output at min-
imum in a general case while they fail to take into account
specific requirements of a given lighting application.

SUMMARY OF THE INVENTION

[0006] Itis an object of the presentinvention to provide
atechnique for operating one or more light-emitting sem-
iconductor devices using a hybrid control in a more ver-
satile and flexible manner.

[0007] The object(s) of the invention are reached by a
driver device, by a lighting arrangement and by a method
as defined by the respective independent claims.
[0008] According to a first example embodiment of the
invention, a driver device for providing output current for
one or more light-emitting semiconductor devices is pro-
vided, the deriver device comprising power converter
means for supplying said output current via an output
interface and control means for regulating electrical char-
acteristics of said output current in accordance with re-
quested light output characteristics, said control means
comprising duty cycle control means for alternately en-
abling and disabling provision of output current from the
driver device at a selectable duty cycle to enable duty
cycle based output current limitation and level control
means for controlling provision of the output current from
the driver device at a selectable current level to enable
level based output current limitation, wherein said control
means isarranged to regulate the output currentto exhibit
an average level that corresponds to said requested light
output characteristics by a combination of the duty cycle
based output current limitation and the level based output
current limitation in dependence of a selected one of a
plurality of different predefined mapping functions stored
in the driver device.

[0009] According to a second example embodiment of
the invention, a lighting arrangement is provided, the
lighting arrangement comprising a driver device accord-
ing to the first example embodiment and light output
means electrically coupled to said driver device.
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[0010] Accordingto athird example embodiment of the
invention, a method for providing output current for one
ormore light-emitting semiconductor devices is provided,
the method comprising controlling supply of said output
current from a power converter means for said one or
more light-emitting semiconductor devices and regulat-
ing electrical characteristics of said output current in ac-
cordance with requested light output characteristics.
Said regulating comprises alternately enabling and dis-
abling provision of said output current at a selectable duty
cycle to provide duty cycle based output current limitation
and controlling provision of said output current at a se-
lectable current level to enable level based output current
limitation, so as to regulate the output current to exhibit
an average level that corresponds to said requested light
output characteristics by a combination of the duty cycle
based output current limitation and the level based output
current limitation in dependence of a selected one of a
plurality of different predefined mapping functions.
[0011] 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.
[0012] Some features of the invention are set forth in
the appended claims. Aspects of the invention, 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 description of
some example embodiments when read in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]
Figure 1 schematically illustrates some components
of a lighting arrangement in accordance with an ex-
ample embodiment.
Figure 2 schematically illustrates some components
of a light emitting diode (LED) driver in accordance

with an example embodiment.

Figure 3 schematically illustrates some components
of an exemplifying buck converter.

Figure 4a illustrates an example of a mapping func-
tion in accordance with an example embodiment.

Figure 4b illustrates an example of a mapping func-
tion in accordance with an example embodiment.

Figure 5a illustrates an example of a mapping func-
tion in accordance with an example embodiment.
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Figure 5b illustrates an example of a mapping func-
tion in accordance with an example embodiment.

Figure 6 schematically illustrates some components
of a light emitting diode (LED) driver in accordance
with an example embodiment.

DETAILED DESCRIPTION

[0014] Figure 1 schematically illustrates at least some
components of a lighting arrangement 100 comprising a
LED driver 120 for operating a LED module 140 and the
LED module 140 for providing the light output. The LED
module 140 is detachably connectable to an output in-
terface of the LED driver 120. The lighting arrangement
100 may include other components in addition to those
depicted in Figure 1. The lighting arrangement 100 may
be provided as part of any lighting device or lighting sys-
tem that is configured to make use of light emitted from
the LED module 140. Non-limiting examples of such de-
vices or systems include a light fixture or a luminaire, a
display arrangement, a headlight or taillight arrangement
of a vehicle, etc.

[0015] The LED module 140 may comprise one or
more LEDs, where the LEDs may be arranged e.g. as a
string of one or more LEDs connected in series or as two
ormore strings of LEDs connected in parallel, where each
string of LEDs comprises one or more LEDs connected
in series. While described herein, for clarity and brevity
of description, with references to the LEDs, the descrip-
tion generalizes into light output means of any type ar-
ranged to make use of one or more light-emitting semi-
conductor devices and the driver device that is suitable
for operating such light-emitting semiconductor de-
vice(s). Examples of such light-emitting semiconductor
devices of other type include laser diodes (LDs) and or-
ganic light-emitting diodes (OLEDs).

[0016] The LED driver 120 is arranged to generate a
regulated output current I, ; via an output interface of the
LED deriver 120 under control of one or more control
signals or commands provided to the LED driver 120 via
acontrol signal input CTRL. The regulated output current
I, 18 provided by using electric energy brought to an
input interface of the LED driver 120 via input nodes V.
and V.. The output interface comprises at least two out-
put nodes V.. and V. Typically, the node V. is at
a ground potential while a higher potential is provided at
the node V.. Some light output means may be driven,
however, with alternating current (AC), in which case the
potentials of the output nodes V,, ;. and V,, . of the output
interface change polarity repeatedly.

[0017] Figure 2 schematically illustrates at least some
components of the LED driver 120 to facilitate under-
standing of operation of various embodiments of the
presentinvention. The LED driver 120 is arranged to con-
tinuously control or regulate the output current /,; such
that it exhibits desired electrical characteristics in order
to cause the LED module 140 to provide light output that
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exhibits requested light characteristics. The LED driver
120 comprises power converter means 122 for supplying
the output current /,,; and control means 124 for regu-
lating electrical characteristics of the output current [
in accordance with requested light output characteristics.
[0018] The power converter means 122 is arranged to
generate electric current Ipc, referred to as a power con-
verter output current or a converter current, for provision
as or derivation of the output current /, ,; using the electric
energy brought via the input nodes V;,_ and V,,, of the
inputinterface of the LED driver 120. As an example, the
LED driver 120 may be arranged to provide the output
current /, ; as a direct current (DC) of desired character-
istics exhibiting a desired average current level, wherein
the average level of the output current /I, is regulated
in accordance with the control signals or commands re-
ceived via the control signal input CTRL and/or in accord-
ance with an internal configuration of the LED driver 120.
[0019] The control means 124 comprises at least duty
cycle control means for alternately enabling and disabling
provision of the output current I, ; from the LED driver
120 at a selectable duty cycle. The control means 124
further comprises level control means for controlling pro-
vision of the output current I, ; from the LED driver 120,
when the provision of the output current [, is enabled,
at a selectable current level. The duty cycle control
means serves to enable duty cycle based output current
limitation whereas the level control means serves to en-
able level based output current limitation. The duty cycle
control means and the level control means jointly enable
hybrid control of the output current I ;. The control
means 124 is arranged to regulate output current /,; to
exhibit an average level that corresponds to requested
light output characteristics by using a combination of the
duty cycle based output current limitation and the level
based output current limitation. The combination of the
duty cycle based output current limitation and the level
based output current limitation is provided in dependence
of a selected one of a plurality of mapping functions
stored in the LED driver 120.

[0020] The control means 124 may comprise a proc-
essor, e.g. as a microprocessor, as a microcontroller or
as a programmable device of other type, that is at least
arranged to cause alternately enabling and disabling pro-
vision of the output current /,; and to control level of the
output current /,,; within periods during which the provi-
sion of the output current I, ; is enabled, as will be de-
scribed in the following in more detail. In this regard, the
LED driver 120 (e.g. the control means 124) may further
comprise a memory for storing a computer program com-
prising executable instructions that, when executed by
the processor, cause the control means 124 to alternately
enable and disable provision of the output current /,;
andto control level of the output current /, ; within periods
during which the provision of the output current [, is
enabled.

[0021] Before describing the operation of the control
means 124 in this regard in more detail, some details
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concerning operation of the power converter means 122
are described in the following in order to facilitate under-
standing the operation of the control means 124.
[0022] The power convertermeans 122 comprisesone
or more power converter entities. In case of two or more
power converter entities are applied, they can be ar-
ranged in cascade, thereby constituting two or more pow-
er converter stages. A power converter entity is typically
provided as a switched-mode power supply arranged to
make use of controlled high-frequency switching opera-
tion of one or more switches in order to supply an output
voltage of desired characteristics on basis of an input
voltage provided thereto. The power converter means
122 may comprise also other entities, such as for exam-
ple a rectifier (especially if the input nodes Vj,_and V,,
are to be coupled to an AC input voltage), filters, fuses,
signal transceivers, and the like.

[0023] The power converter means 122 further com-
prises driving means for operating the switch(es) of the
one or more power converter entities and current meas-
urement means arranged to observe the level of electric
current that is descriptive of the level the converter cur-
rent Ipc provided from the power converter means 122
and to provide a current feedback signal that is indicative
of the observed current level to the driving means. The
observed electric current may be the converter current
I, or the observed electric current may be another elec-
tric current within the power converter means 122, which
another electric current is descriptive of the level the con-
verter current /.. It is also possible to measure some
other quantity than an electric current, and use such
measurements to indirectly make deductions abouta lev-
el of the converter current /.. The converter current [,
may be provided as the output current /,; as such or the
converter current Ipc may be used as basis for deriving
the output current /, ;.
[0024] Switched-mode power converter entities and
their use in generation of the converter current /. in LED
drivers is known in the art. As an example, the power
converter means 122 may comprise a buck converter,
employed e.g. as a single power converter stage of the
power converter means 122 or as the final power con-
verter stage of a cascade of power converter entities.
Although known in the art, in the following some basic
operational principles of a buck converter are outlined in
order to facilitate understanding of some aspects related
to various embodiments of the present invention. A buck
converter is arranged to convert a first DC voltage into a
second DC voltage according to desired voltage conver-
sion characteristics. The first DC voltage may be a volt-
age brought via the input nodes V;,_ and V,,, (ore.g. a
DC voltage supplied by another switched-mode power
supply using the electrical energy received via the input
nodes V;,_and V,,,) and the second DC voltage may be
an internal voltage of the buck converter.

[0025] Figure 3 schematically illustrates some compo-
nents of an exemplifying buck converter 222 that may be
employed in the power converter means 122. The buck
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converter 222 comprises a switch S, a diode D, an in-
ductor L and a capacitor C. The buck converter 222 fur-
ther comprises driving means DRV for operating the
switch S, and current measurement means 226 arranged
to observe the level of the converter current /; and to
provide, to the driving means DRV, a current feedback
signal that is indicative of the observed level to the con-
verter current /.. The converter current /. may be pro-
vided as the output current /,; from the LED driver 120.
[0026] The operation of the buck converter 222 is typ-
ically based on a control loop, wherein the driving means
DRV is arranged to cause closing and opening the switch
S in accordance with the current feedback signal. The
operation of the control loop results in alternately closing
and opening the switch S at a switching frequency £,
as will be described in the following. The switching fre-
quency f,, is typically in the order of a few tens or a few
hundreds kilohertz. Suitable approaches for providing
the driving means DRV are known in the art.

[0027] One commonly used current control scheme is
the so-called current hysteresis control, in which the con-
trol loop operates such that when the switch S is closed,
the converter current /. starts to increase and the switch
S is kept closed until the current feedback signal indicates
electric current that exceeds a high threshold /;,;. When
the switch S is closed, the converter current Ipc is drawn
from electrical energy received via the inductor L (while
atthe same the electrical energy received via the inductor
L also charges the capacitor C, and energy is temporarily
stored in the magneticfield of the inductorL). In response
to the current feedback signal indicating electric current
that exceeds the high threshold /¢, the switch S is
opened and the converter current [, is drawn from the
energy that was temporarily stored in the magnetic field
of the inductor L, as well as from electrical energy tem-
porarily stored in the capacitor C. Consequently, the con-
verter current /, starts to decrease since no more elec-
trical energy is provided via the inductor L due to the
switch S being open. The switch S is kept open until the
current feedback signal indicates electric current that is
lower than equal to a low threshold /;;,,. In response to
the current feedback signalindicating electric current that
is lower than or equal to the low threshold /y,,, the switch
S is again closed and, consequently, the converter cur-
rent /¢ starts to increase since electrical energy is again
provided via the inductor L (and at the same time the
capacitor C is charged fromthe electrical energy received
via the inductor L).

[0028] The resulting converter current /. hence varies
in accordance with the thresholds /y,1 and /y,5, which are
setsuch that converter current /. is provided at a desired
nominal level that is substantially constant. The relation-
ship between the thresholds /4, /> and the nominal
level of the converter current /. depends on the details
of characteristics of the current feedback signal and/or
other characteristics of the feedback loop.

[0029] Other kinds of current feedback schemes are
possible, for example based on a filtered and buffered

10

15

20

25

30

35

40

45

50

55

output current measurement thatincreases or decreases
the duty cycle applied by the driving means. It is also
possible to only have an upper threshold current value
for opening the switch in the power converter, and to rely
on a constant off-time or other features of the driving
means DRV to time the closing of the switch. From the
viewpoint of the present invention it is not significant,
which particular scheme is used, as long as the value of
the converter current /,; can be controlled to assume a
desired nominal level with sufficient accuracy during op-
eration of the buck converter.

[0030] Itshould be noted that the while the electric cur-
rent provided from the switch S to the inductor L may
vary significantly, the electrical energy temporarily stored
intheinductor's magnetic field together with the capacitor
C slowing down any changes serve to keep the converter
current /. at a sufficient level also when the switch S is
in open state. Therefore, the converter current Ipc typi-
cally exhibits only a minor high-frequency ripple (at the
switching frequency f,,) that, when applied as the output
current /,; of the LED driver 120, does not result in light
output level variations that are perceivable by a human
observer (either when observed directly or e.g. by view-
ing a video recording captured in an environment where
the LED driver 120 is being operated).

[0031] As a variation of the example described above,
instead of directly observing the level of the converter
current I, the current measurement means 226 may be
arranged to observe and provide a current feedback in-
dicative of another electric current that is descriptive of
the level the converter current /.. As examples in this
regard, the current measurement means 226 may be ar-
ranged to observe and report in the current feedback
signalthe level of electric current supplied from the switch
StotheinductorlL, or the level of electric current supplied
from the inductor L (towards the capacitor C) and the
output of the buck converter 222. The current measure-
ment means 226 could be located also between the load
and ground potential, i.e. between the lower output node
V,,t.and the lower node of the capacitor C, orsomewhere
else along the various current paths in the circuit. Con-
sequently, the thresholds ly,4, 5 are set in view of the
electric current observed and reported by the current
measurement means 226 and its relationship with the
converter current /.. Inmany cases itis more convenient
to handle measurements and comparisons in voltage
form, so that e.g. the momentary value of the converter
current /. is measured as a voltage across a current-
sensing resistor, and the thresholds /i1, /i, are actually
voltage values to which the measured voltage is com-
pared.

[0032] While described in the foregoing by using the
buck converter 222 as an example of a power converter
entity of the power converter means 122, switching op-
eration and control loop of similar kind may be employed
also in context of switched-mode power supplies of other
kind to provide the converter current /. that exhibits con-
stant or substantially constant nominal level. Thus, when
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the operation of the power converter means 124 is ena-
bled, it is arranged to provide the converter current Ipc at
a substantially constant level that approximates the nom-
inal level.

[0033] The nominal current level may considered as
the maximum effective level of the converter current /,
in accordance of the applied configuration of the LED
driver 120. The nominal current level may be a fixed pre-
defined value that is set e.g. upon manufacturing of the
LED driver 120 and/or the power converter means 122.
Consequently, also the thresholds /1 and /y,, may be
fixed predefined thresholds. As another example, the
nominal current level may be an adjustable value, e.g. a
value that can be selected among a plurality of available
values upon installation or during use of the LED driver
120 and/or the power converter means 122. Consequent-
ly, selection of the nominal current level also results in
selection of values for the thresholds /4 and /y,, accord-
ingly, or the other way round: selecting a value for at least
one of the thresholds /y,4 and Iy, may resultin essentially
selecting a nominal current level. A fixed selection may
be provided e.g. by equipping the LED driver with a con-
trol interface for connecting an identification component
(e.g. a resistor), electrical characteristics of which indi-
cate selection of the nominal current level according to
a predefined selection rule.

[0034] As described in the foregoing, the control
means 124 is arranged to employ the duty cycle control
means and the level control means to impose a combi-
nation of the duty cycle based output current limitation
and the level based output current limitation in accord-
ance with the requested light output characteristics in
dependence of a selected one of a plurality of mapping
functions stored in the LED driver 120.

[0035] In this regard, the driver device 120 stores a
plurality of mapping functions, wherein each mapping
function defines a mapping of a plurality of values of a
certain requested light output characteristic to a corre-
sponding plurality of pairs of a duty cycle and a current
level, thereby defining a respective combination of the
duty cycle based output current limitation and the level
based output current limitation for each of the plurality of
values. The plurality values may cover one or more rang-
es of values of the certain requested light output charac-
teristics. As an example, the requested light output char-
acteristic may comprise a requested light output level,
defined e.g. as a percentage of the full light intensity the
LED driver 120 is capable of causing the LED module
140 to provide, and a mapping function may define a
mapping between a requested light output level and a
corresponding pair of a duty cycle and a current level for
a plurality of requested light output levels that cover a
predefined range (or predefined ranges) of light output
levels (e.g. a range from 1 % to 100 % of the full light
intensity the LED driver 120 is capable of causing the
LED module 140 to provide). At least conceptually, such
mapping function may define a first plurality of points that
represent a first current limitation curve that indicates the
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extent of duty cycle based output current limitation as a
function of the requested light output level over the de-
sired range (or ranges) of light output levels and a second
plurality of points that represent a second current limita-
tion curve that indicates the extent of level based output
current limitation as a function of the requested light out-
put level over the desired range (or ranges) of light output
levels. Each of the first plurality and second plurality of
points preferably defines or approximates a respective
curve that is a (typically monotonically increasing) func-
tion of the requested light output level.

[0036] A mapping function may be defined e.g. as a
set of two interrelated, continuous functions, one for duty
cycle and the other for current level, so that for any arbi-
trary requested light output level the corresponding duty
cycle and current level values can be calculated from the
definitions of said continuous functions. If a mapping
function is defined as (discontinuous) sets of points (as
described in the foregoing), so that the duty cycle and
the current level values are defined only for a predefined
set of requested light output levels, the mapping function
may be provided as a mapping table (stored in a memory
of the LED driver 120) comprising a table entry for each
requested light output level of the predefined set, where
a table entry defines a pair of the duty cycle and the cur-
rent level associated with a respective requested light
output level. A mapping table may be applied to derive
the duty cycle and the current level for an arbitrary re-
quested light level e.g. as the duty cycle and the current
level associated with the table entry provided for the re-
quested light level that is closest to an actually requested
light output level. As another example, a mapping table
may be applied to derive the duty cycle and the current
level for an arbitrary requested light level by respective
(e.g. linear) interpolation of the duty cycles and the cur-
rent levels associated with those two table entries that
are closest in value (i.e. the closest smaller value and
closest larger value) to an actually requested light output
level.

[0037] For a mapping function, the extent (or amount)
of duty cycle based output current limitation may be de-
fined as the corresponding duty cycle to be applied in
alternately enabling and disabling the provision of the
output current /,,; from the LED driver 120, whereas the
extent (or amount) of level based output current limitation
may be defined as a percentage or a fraction of the nom-
inal current level to be supplied from the LED driver 120
during periods when the provision of the output current
Iyt 1s enabled.

[0038] The plurality of mapping functions comprises
two or more mapping functions that are alternatives to
each other, so that a selection among them can be made,
such that they each define a different mapping of the
plurality of values of the light output characteristic to cor-
responding pairs of a duty cycle and a current level,
where the plurality of values of the light output charac-
teristic cover one or more predefined ranges of values.
Consequently, the two or more mapping functions serve
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to provide two or more different combinations of the duty
cycle based output current limitation and the level based
output current limitation for the plurality of values of the
light output characteristic. As an example, the two or
more mapping functions may represent different ways of
selecting the pair of a duty cycle and a current level as
aresponse to the same requested light output level, for
at least a range of requested light output levels.

[0039] Asanexample, a mapping function may be pro-
vided as a mapping function that results in applying the
duty cycle based output current limitation to a larger ex-
tent than the level based output current limitation for at
least at high percentages of the requested light output
level. Such a mapping function serves to keep the nom-
inal level of the converter current /. relatively high at
least in a higher end of the requested light output levels
in order to ensure no or only minor deviation from the
desired color of light output from the LED module 140 at
the expense of possibly perceivable flickering of light out-
put. Such a mapping function may be referred to as a
mapping function of a first type.

[0040] Figure 4a depicts a conceptual example of a
mapping function of the first type, where the values on
the x axis indicate fractions of the maximum available
requested light output level and where the values on the
y axis indicate fractions of both the maximum nominal
current level and the maximum duty cycle. In Figure 4a
the curve with diamond-shaped markers indicates the
amount of duty cycle based output current limitation as
afunction of the requested light output level and the curve
with square-shaped markers indicates the amount of lev-
el based output current limitation as a function of the re-
quested light output level. In the example of Figure 4a
the limiting effect caused by the duty cycle based output
current limitation is larger than that of the level based
output current limitation across the whole range of re-
quested light output levels.

[0041] Figure 4b depicts another conceptual example
of a mapping function of the first type. In the example of
Figure 4b the limiting effect caused by the duty cycle
based output current limitation (the curve with diamond-
shaped markers) is larger than that of the level based
output current limitation (the curve with square-shaped
markers) for requested light output levels that exceed a
predefined threshold Ly, 5, which threshold in this exam-
ple is approximately at réquested light output level of 0.1
times the maximum available light output level, illustrated
in Figure 4b as a dashed vertical line.

[0042] Anotherway to characterize amapping function
of the first type is to define a threshold value Ly, 4 of the
requested light output level above which a chaﬁge of a
given amount in the requested light level results in a larg-
erchange in the duty cycle based output currentlimitation
than in the level based output current limitation. As an
example, in the example of Figure 4a the threshold Ly, 4
is approximately at requested light output level of 0.3
times the maximum available light output level and in the
example of Figure 4b the threshold Ly, 4is approximately
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atrequested light output level of 0.45 times the maximum
available light output level, shown in both figures as a
solid vertical line.

[0043] As another example, a mapping function may
be provided as a mapping function that results in applying
the level based output current limitation to a larger extent
than the duty cycle based output current limitation for at
least at high percentages of the requested light output
level. Such a mapping function serves to keep the duty
cycle of the output current I, ; relatively high (and hence
to keep the duration of periods of disabled state of the
output current provision from the LED driver 120 relative-
ly short) at least in a higher end of the requested light
output levels in order to ensure no or only minor perceiv-
able flickering of light output from the LED module 140
at the expense of possibly perceivable deviation from the
desired color of light output. Such a mapping function
may be referred to as a mapping function of a second
type.

[0044] Figure 5a depicts a conceptual example of a
mapping function of the second type, where the limiting
effect caused by the level based output current limitation
(the curve with square-shaped markers) is larger than
that of the duty cycle based output current limitation (the
curve with diamond-shaped markers) across the whole
range of requested light output levels. Figure 5b depicts
another conceptual example of a mapping function of the
second type, where the limiting effect caused by the level
based output current limitation (the curve with square-
shaped markers) is larger than that of the duty cycle
based output current limitation (the curve with diamond-
shaped markers) for requested light output levels that
exceed a predefined threshold Ly, 5, which threshold is
approximately at requested light ou_tput level of 0.1 times
the maximum available light output level, illustrated in
Figure 5b as a dashed vertical line.

[0045] Anotherway to characterize a mapping function
of the second type is to define a threshold value Ly, 4 of
the requested light output level above which a chang_e of
a given amount in the requested light level results in a
larger change in the level based output current limitation
than in the duty cycle based output current limitation. As
an example, in the example of Figure 5a the threshold
Ly, 4 is approximately at requested light output level of
0.3 times the maximum available light output level and
in the example of Figure 5b the threshold Ly, 4is approx-
imately at requested light output level of 0.45 times the
maximum available light output level, shown in both fig-
ures as a solid vertical line.

[0046] The example mapping functions depicted in
Figures 4a, 4b, 5a and 5b serve as conceptual examples,
and the shape of the curves descriptive of the level based
and duty cycle based output current limitations and/or
the (x axis) position of the threshold value L;, 4 may be
different from the ones shown in these figures. Moreover,
the (x axis) position of the threshold value Ly, ,in Figures
4b and 5b may be different from the one shown in these
figures.
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[0047] The examples shown in Figures 4a, 4b, 5a, and
5b include an inherent assumption that each mapping
function comprises a relatively large number of value
pairs "duty cycle; current level", each associated with a
corresponding requested light output level (or more gen-
erally: requested light output characteristic). As a conse-
quence, in each of Figures 4a, 4b, 5a, and 5b two con-
tinuous (or substantially continuous) curves appear, so
that the duty cycle curve consists of the points defined
by the "duty cycle" part of each value pair, and the current
level curve consists of the points defined by the "current
level" part of each value pair. Indeed, as was explained
earlier, it is possible to define a mapping function as a
set of two interrelated, continuous functions, one for duty
cycle and the other for current level, so that for any arbi-
trary requested light output level the corresponding duty
cycle and current level values can be calculated from the
definitions of said continuous functions.

[0048] However,itis also possible to define a mapping
function using discontinuous sets of points, so that a val-
ue pair "duty cycle; current level" is defined only for a
relatively limited number of requested light output levels
(or other requested light output characteristics). For ex-
ample, a first mapping function may be defined as:

- for 5% requested light output level: duty cycle 20%;
current level 25%

- for 50% requested light output level: duty cycle 60%;
current level 83%

- for 100% requested light output level: duty cycle
100%; current level 100%,

and a second mapping function may be defined as:

- for 5% requested light output level: duty cycle 25%;
current level 20%

- for 50% requested light output level: duty cycle 83%;
current level 60%

- for 100% requested light output level: duty cycle
100%; current level 100%.

[0049] Thus in this example a value pair "duty cycle;
current level" is defined only for requested light output
levels 5%, 50%, and 100%. Such a discontinuous defi-
nition of mapping functions may be quite sufficient par-
ticularly if the user interface of the lighting control system
is such that it only allows the user to select among a
limited number of different control commands (e.g. a lim-
ited number of possible requested light levels). Concern-
ing the definition of mutually alternative mapping func-
tions as representing different ways of selecting the pair
of a duty cycle and a current level as a response to the
same requested light output level for at least a range of
light output levels, the term "range" means in this case
the discontinuous set of allowable requested light output
levels.

[0050] The plurality of mapping functions made avail-
able for selection in the LED driver 120 may depend on
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the intended usage of the LED driver 120. Typically,
though, the available mapping functions include one or
more mapping functions of the first type and one or more
mapping functions of the second type.

[0051] In a straightforward example embodiment, a
single mapping function of the first type and a single map-
ping function of the second type are provided for selection
in the LED driver 120, thereby providing an option to se-
lect either a mapping function that serves to ensure min-
imizing a risk of deviation from the desired color of light
output or a mapping function that serves to ensure min-
imizing the risk of perceivable flickering of light output.
[0052] In another example embodiment, two or more
mapping functions of the first type and/or the second type
with different values for the threshold Ly, 4 and/or for the
threshold Ly, , (or in general: with different forms of the
duty cycle based and level based limitation curves) are
provided for selection in the LED driver 120, thereby pro-
viding an option to make use of a most suitable balance
in terms of minimizing a risk of deviation from the desired
color of light output and a risk of perceivable flickering of
light output under the circumstances.

[0053] The selection of the mapping function in the
control means 124 may be predefined such that the con-
trol means 124 may be configured upon installation of
the LED driver 120 and/or upon installation of the lighting
arrangement that makes use of the LED driver 120 to
employ certain one of the mapping functions available in
the LED driver 120. Configuring the control means 124
may take place for example by using a hardware-type
control input, like selecting the position(s) of one or more
switches, like DIP (dual inline package) switches or rotary
switches, or by setting or removing jumpers, or by using
a programming tool that connects to a dedicated com-
ponent-level control input like a programming interface
or debugging interface of a memory circuit or microcon-
troller. As another example, the control means 124 may
be arranged to receive the selection of the mapping func-
tion as input control signal or command received via the
control signal input CTRL or via another control or com-
mand input arranged in the LED driver 120.

[0054] Such approaches in selecting the mapping
function to be employed enable selecting the most suit-
able one of the mapping functions available in the LED
driver 120 for a specific usage scenario of the LED driver
120. As an example, in an environment and/or for an
application where an emphasis should be on ensuring
that no perceivable flickering occurs, a mapping function
of the second type described above is likely the most
preferable one, whereas in an environment and/or for an
application where an emphasis should be on ensuring
minimum deviation of the color of the light output, a map-
ping function of the first type described above is likely
the most preferable one.

[0055] As a further example concerning selection of
the mapping function, the selection of the mapping func-
tion from the plurality of mapping functions available in
the LED driver 120 may depend on observed status or
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value of an operational parameter of the LED driver 120.
As an example in this regard, the control means 124 may
be configured to select the mapping function in depend-
ence of a voltage across the outputnodes V. .and V.
ofthe outputinterface. The relationship between this volt-
age and corresponding mapping function is predefined
and it may map two or more different sub-ranges of a
range of voltages into respective mapping function to be
employed by the control means 124.

[0056] Alternatively or additionally, the control means
124 may be configured to select the mapping function in
dependence of one or more measured temperatures,
which may include a representative temperature of the
LED driver 120 and/or a representative temperature of
the LED module 140. Temperature sensors may be em-
bedded in the LED driver 120 and/or the LED module
140 for measuring temperatures and communicating
them to the control means 124. As an example, it may
happen that a combination of a higher nominal level of
the converter current /,; and lower duty cycle produces
more waste heat than a combination of lower nominal
level of the converter current /,; and higher duty cycle,
even if the resulting light output is the same (or, depend-
ing on the practical implementation of the LED driver, the
other way round). The control means 124 may be con-
figured to respond to the detection of a particularly high
temperature by changing towards a mapping function
that would enable producing the same requested light
output level with less waste heat.

[0057] Dependency on output voltage and dependen-
cy on temperature can be combined in selecting the map-
ping function, for example by using a measurement of
output voltage as an indicator of LED temperature. LEDs
may have a known temperature behavior; typically the
forward voltage drop decreases by some millivolts per
each degree of increasing junction temperature. If the
LED driver includes output voltage detection means that
are accurate enough, they may monitor changes in the
output voltage during use of the LEDs and respond to an
observed decrease in output voltage in the same way as
was described above with respect to and observed in-
crease in LED temperature.

[0058] If the dependencies between nominal level of
the converter current Ipc, duty cycle, temperature, output
voltage, and possibly other parameters are not straight-
forward enough to facilitate preprogrammed responses
in the form of automatically selecting the most advanta-
geous mapping function, the control means 124 may be
configured to execute an optimization algorithm. This
means that the control means 124 aims at producing the
requested light output characteristics with a combination
of nominallevel of the converter current /. and duty cycle
that best fulfils a preprogrammed optimization criterion,
like a minimum increase in temperature. A simple opti-
mization algorithm may involve testing all prepro-
grammed mapping functions and selecting the one that
appears to best fulfil the criterion, while more advanced
optimization algorithms may involve e.g. repeatedly mak-
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ing small changes towards a direction that appears to
improve fulfiiment of the optimization criterion.

[0059] As a further example, the selection of the map-
ping function may be made in dependence of presence
or absence of perceivable flickering. In this regard, the
LED driver 120 may comprise flicker detection means for
detecting presence or absence of perceivable flicking of
light output provided from the LED module 140. In par-
ticular, in case two or more mapping functions of the first
and/or the second type with different values for the
threshold Ly, 4 and/or for the threshold Ly, , (or in gen-
eral: with different forms of the duty cycle based and level
based limitation curves) are provided for selection in the
LED driver 120, the control means 124 may be arranged
to test the available mapping functions to find the map-
ping function that results in avoiding or minimizing per-
ceivable flickering and select the mapping function that
results in avoiding or minimizing the perceivable flicker-
ing for use by the LED driver 120.

[0060] The duty cycle control means may be arranged
to affect the operation of the power converter means 122
and/or affect the provision of the converter current [,
provided from the power converter means 122 as the
output current /,; of the LED driver 120.

[0061] As an example, the duty cycle control means
may are arranged to directly or indirectly affect the oper-
ation of the power converter means 122 such that the
provision of the converter current Ipc, and hence the pro-
vision of the output current /, , is alternately enabled and
disabled in accordance with the duty cycle derived in de-
pendence of the selected one of the mapping functions
available in the LED driver 120 in view of the requested
light output level. This duty cycle may be referred to as
currently selected duty cycle. As an example in this re-
gard, the duty cycle control means may be arranged to
enable or disable the switching operation of a power con-
verter entity of the power converter means 122 according
to the currently selected duty cycle. In case of the buck
converter 222 this may be provided by alternately ena-
bling and disabling the operation of the driving means
DRV with respect to closing or opening the switch S. In
particular, the duty cycle control means may be arranged
to enable switching operation in the buck converter 222
e.g. through the use of an enabling/disabling control sig-
nal brought to a dedicated ENABLE pin of an integrated
circuit used as the driving means. As another example
of alternately enabling and disabling provision of the con-
verter current Ipc (and hence provision of the output cur-
rent /,,; from the LED driver 120), the duty cycle control
means may be arranged to alternately enable and disable
power supply to the power converter means 122 in ac-
cordance with the currently selected duty cycle.

[0062] As a further example, the duty cycle control
means may be arranged to alternately enable and disable
power supply from the power converter means 122 e.g.
by alternately enabling and disabling provision of the con-
verter current /. as the output current [ in accordance
with the currently selected duty cycle. The alternate en-
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abling and disabling provision of the converter current Ipc
as the output current /,; of the LED driver 120 may be
provided e.g. by closing and opening, respectively, out-
put switching means arranged between the power con-
verter means 122 and the output interface of the LED
driver 120 in accordance with the employed duty cycle.
[0063] As a yet further example, the duty cycle control
means may be arranged to alternately open and close a
bypass switch that makes the output current /,; of the
LED driver 120 flow through a route that does not go
through the light-emitting semiconductor devices (e.g.
the LED module 140). Although in this case a converter
current /. of certain magnitude flows out of the power
converter means 122 all the time, no light output is pro-
duced during the time intervals when the bypass switch
is closed, so for the purposes of this description it can be
interpreted to equal a practice of alternately enabling and
disabling provision of the converter current /. as the out-
put current I, ; of the LED driver 120 to the light-emitting
semiconductor devices.

[0064] The duty cycle control means may be arranged
to control the operation of the power converter means
122 or operate the output switching means by issuing a
duty cycle based control signal that consists of alternate
active signal periods (for enabling the provision of the
output current /, ;) and non-active signal periods (for dis-
abling the provision of the output current /) such that
the duty cycle based control signal exhibits the currently
selected duty cycle. Such control signal may be provided
as arectangular wave signal, such as a pulse width mod-
ulation (PWM) signal, or as a signal that approximates a
rectangular wave signal.

[0065] The level control means may are arranged to
directly or indirectly affect the operation of the power con-
verter means 122 such that the nominal level of the con-
verter current /. from the power converter means 122 is
limited in accordance with the level of electric current
derived in dependence of the selected one of the map-
ping functions available in the LED driver 120 in view of
the requested light output level. This level of electric cur-
rent may be referred to as the target current level.
[0066] As an example in this regard, the level control
means may be arranged to affect the operation of the
control loop within a switched-mode power supply. In
context of the exemplifying buck converter 222 described
in the foregoing, such control may be provided e.g. by
causing adjustment of at least one of the thresholds /,
and /y,, towards a lower value such that the nominal level
of the converter current /. is limited to the target current
level. As another example, such control may be provided
by processing the current feedback signal to indicate
electric current that is higher than the one actually ob-
served such that the nominal level of the converter cur-
rent /. is limited to the target current level.

[0067] Inmany cases the integrated circuit that is used
as the driving means in the switched-mode power supply
ofthe power converter means 122 (e.g. the driving means
DRYV in the buck converter 222) exhibits a so-called an-
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alog dimming pin, for which the integrated circuit manu-
facturer has specified an input voltage range that corre-
sponds to a range of current feedback signals. In such
cases the control means 124 may comprise a processor
with at least analog voltage output, from which the input
voltage to the analog dimming pin of the driving means
is derived. By varying the input voltage at the analog dim-
ming pin within the specified range it is possible to control
the value of the converter current /. from the power con-
verter means 122 without having to pay attention to what
exactly is the mechanism through which the desired ef-
fect is achieved.

[0068] Figure 6 schematically illustrates at least some
components of a two-channel LED driver 320 to facilitate
understanding operation of various example embodi-
ments of the present invention. The two-channel LED
driver 320 is arranged to continuously control or regulate
a first output current /11 provided via a first output inter-
face (comprising at least two output nodes V. and
V,ut1+) @nd a second output current /,,, provided via a
second output interface (comprising at least two output
nodes V,»_and V, »,). Each of the output currents /44
and I, or output interfaces may be considered as a
respective (output) channel of the multi-channel LED
driver 320. The two-channel LED driver 320 is arranged
to control or regulate the output currents I,y and Iy
such that each output current I, ¢, Io,to €xhibits desired
electrical characteristics in order to cause LED modules
140-1 and 140-2 that may be electrically coupled to the
respective output interfaces to provide light output of de-
sired characteristics.

[0069] The two-channel LED driver 320 comprises two
power converter means 122-1 and 122-2 for providing
respective converter currents /o4 and /. Each of the
power converter means 122-1, 122-2 may be an entity
that is similar to the power converter means 122 de-
scribed in the foregoing. Alternatively the two-channel
LED driver 320 may comprise a common input stage (not
shown), to which electric energy comes through the input
nodes V;,_and V,,,, for producing an internal bus voltage
that serves as the input voltage to the parallel output
channels represented by the two power converter means
122-1and 122-2. The two-channel LED driver 320 further
comprises control means 324 for regulating electrical
characteristics of the converter currents /4, /> and/or
electrical characteristics of the output currents /41, lout2
derived on basis of the respective the converter currents
Ioc1: Inco in @accordance with requested light output char-
acteristics. The requested light output characteristics
concerning the average level (and possibly other char-
acteristics) of the output currents I,y and /I, are re-
ceived in respective control signals or commands ob-
tained via control signal inputs CTRL1 and CTRL2.
[0070] Thus, the control means 324 of the two-channel
LED driver 320 is arranged to control provision of each
of the output currents /1 and /> in @ manner similar
to described in the foregoing for the single output current
of the LED driver 120. As an example, each of the output
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currents /1 and I, ;» may be provided for LED modules
140-1, 140-2 arranged to provide light output of different
color and, consequently, suitable selection of the aver-
age current levels in the respective output currents /4
and /,,;, may be employed to provide combined light out-
put exhibiting a desired color. As another example, each
of the output currents /4 and /, 4, may be provided for
LED modules 140-1, 140-2 arranged to provide (white)
light output of different color temperature and, conse-
quently, suitable selection of the average current levels
in the respective output currents /, 4 and /,,;,, may be
employed to provide combined light output exhibiting a
desired color temperature (in other words, to provide a
LED driver that enables provision of so-called tunable
white). As a further example, each of the output currents
Iout1 @nd Iy o may be provided for LED modules 140-1,
140-2 of similar characteristics (e.g. arranged to provide
(white) light output at the same or similar color temper-
ature or to provide light output at the same or similar
color) and, consequently, can be applied to provide illu-
mination for a larger area and/or at a higher combined
light output level.

[0071] The description of the two-channel LED driver
320 generalizes into a multi-channel LED driver providing
more than two output currents /I, in accordance with
control signals or commands received via respective con-
trol inputs, thereby enabling e.g. a more versatile ap-
proach for providing combined light output at a desired
color or light output for further increased illuminated area
and/or at still higher combined light output level.

[0072] In case of the two-channel LED driver 320 (or
the multi-channel LED driver), for each channel the map-
ping function may be selected from the mapping func-
tions available in the two-channel LED driver 320 (or in
the multi-channel LED driver) independently of the other
channel(s). The applied selection mechanism may be
e.g. one of those described in the foregoing for the LED
driver 120. As an example, for the two-channel LED driver
320 provided to enable combined light output at selecta-
ble color or color temperature, a mapping function that
serves to keep the desired color unchanged at the ex-
pense of possibly perceivable flickering of light output
(e.g.amapping function of the first type described above)
may be selected for both channels. As another example,
for the two-channel LED driver 320 provided to enable
illumination of larger area and/or at a higher combined
light output level, a mapping function that serves to avoid
perceivable flickering of light at the expense of possibly
perceivable deviation from the desired color of light out-
put (e.g. a mapping function of the second type described
above) may be selected for both channels. As a further
example, a mapping function that serves to keep the de-
sired color unchanged may be selected for afirst channel
of the two-channel LED driver 320 and a mapping func-
tion that serves to avoid perceivable flickering of light
may be selected for a second channel of the two-channel
LED driver 320 in order to provide a compromise in terms
of the color stability and flickering avoidance.
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[0073] In the foregoing, various examples of structure
and operation of the LED driver 120, 320 have been de-
scribed. According to an example embodiment, the op-
eration of the LED driver 120, 320 or any corresponding
device or arrangement may be described as steps of a
method. As an example in this regard, a method for pro-
viding the output current /, ; for the LED module 140 (or,
in general, for one or more light-emitting semiconductor
devices) may be provided. The method comprises con-
trolling supply of the output current /,; from the power
converter means 122 for the LED module 140 and reg-
ulating electrical characteristics of the output current I, ;
in accordance with requested light output characteristics.
The regulating comprises alternately enabling and disa-
bling provision of the output current /,; at a selectable
duty cycle to provide duty cycle based output current lim-
itation, and controlling provision of the output current I, ;
at a selectable current level to enable level based output
current limitation, so as to regulate the output current /,
to exhibit an average level that corresponds to said re-
quested light output characteristics by a combination of
the duty cycle based output current limitation and the
level based output current limitation in dependence of a
selected one of a plurality of different predefined mapping
functions.

[0074] As described in the foregoing, a mapping func-
tion may define a mapping of a plurality of values of a
requested light output characteristic to a corresponding
plurality of pairs of a duty cycle and a currentlevel, there-
by defining a respective combination of the duty cycle
based output current limitation and the level based output
current limitation for each of the plurality of values. More-
over, the plurality of mapping functions may comprise
two or more mapping functions that are alternatives to
each other, wherein each of these two or more mapping
functions defines a different mapping of the plurality of
values to a corresponding plurality of pairs of a duty cycle
and a current level, said two or more mapping functions
thereby defining two or more different combinations of
the duty cycle based output current limitation and the
level based output current limitation for each of the plu-
rality of values. As described in the foregoing, the re-
quested light output characteristics may comprise a re-
quested light output level.

[0075] The exemplifying method(s) outlined above
may be (further) varied in a number of ways, for example
in a manner described in the foregoing in context of the
LED driver 120, 130.

[0076] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not. Al-
though features have been described with reference to
certain embodiments, those features may also be
present in other embodiments whether described or not.
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Claims

A driver device for providing output current for one
or more light-emitting semiconductor devices, the
driver device comprising

power converter means for supplying said output
current via an output interface, and

control means for regulating electrical characteris-
tics of said output current in accordance with re-
quested light output characteristics, said control
means comprising

duty cycle control means for alternately enabling
and disabling provision of output current from
the driver device at a selectable duty cycle to
enable duty cycle based output current limita-
tion, and

level control means for controlling provision of
the output current from the driver device at a
selectable current level to enable level based
output current limitation,

wherein said control means is arranged to regulate
the output current to exhibit an average level that
corresponds to said requested light output charac-
teristics by a combination of the duty cycle based
output current limitation and the level based output
current limitation in dependence of a selected one
of a plurality of different predefined mapping func-
tions stored in the driver device.

A driver device according to claim 1, wherein the
control means is arranged to receive an indication
of said selected one of said plurality of different map-
ping functions via a control input.

Adriver device according to claim 1, further compris-
ing voltage determining means for determining a
load voltage across a load coupled to said output
interface, wherein the control means is arranged to
select a mapping function from said plurality of dif-
ferent mapping functions in dependence of said load
voltage.

Adriver device according to claim 1, further compris-
ing flicker detection means for detecting presence
or absence of perceivable flickering of light in oper-
ating environment of the driver device, wherein the
control means is arranged to select a mapping func-
tion from said plurality of different mapping functions
in dependence of presence or absence of perceiva-
ble flickering of light.

A driver device according to any of claims 1 to 4,
wherein a mapping function defines a mapping of a
plurality of values of a light output characteristic to a
corresponding plurality of pairs of a duty cycle and
a current level, thereby defining a respective combi-
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nation of the duty cycle based output current limita-
tion and the level based output current limitation for
each of said plurality of values.

A driver device according to claim 5, wherein said
plurality of mapping functions comprises two or more
mapping functions that are alternatives to each oth-
er, wherein each of said two or more mapping func-
tions defines a different mapping of said plurality of
values to a corresponding plurality of pairs of a duty
cycle and a current level, said two or more mapping
functions thereby defining two or more different com-
binations of the duty cycle based output current lim-
itation and the level based output current limitation
for each of said plurality of values.

A driver device according to any of claims 1 to 6,
wherein said light output characteristics comprises
a requested light output level.

A driver device according to any of claims 1 to 6,
wherein said light output characteristics comprise a
requested light output level, and said plurality of
mapping functions include

atleastone first mapping function that defines a map-
ping wherein, for requested light output levels that
exceed a first predefined threshold, the effect of the
duty cycle based output current limitation is larger
than the effect of the level based output current lim-
itation, and

at least one second mapping function that defines a
mapping wherein, for requested light output levels
that exceed a second predefined threshold, the ef-
fect of the duty cycle based output current limitation
is smaller than the effect of the level based output
current limitation.

A driver device according to any of claims 1 to 6,
wherein said light output characteristics comprise a
requested light output level, and said plurality of
mapping functions include

at least one third mapping function that defines a
mapping wherein, for requested light levels that ex-
ceed a third predefined threshold, a given change in
the requested light output level results in a larger
change in the duty cycle based output current limi-
tation than in the level based output current limita-
tion, and

at least one fourth mapping function that defines a
mapping wherein, for requested light levels that ex-
ceed a fourth predefined threshold, a given change
in the requested light output level results in a smaller
change in the duty cycle based output current limi-
tation than in the level based output current limita-
tion.

A driver device according to any of claims 1 to 6,
wherein said light output characteristics comprise a
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requested light output level, and said plurality of
mapping functions include at least one of the follow-
ing

at least two fifth mapping functions that each define
a mapping wherein, for requested light output levels
that exceed a respective fifth predefined threshold,
the effect of the duty cycle based output current lim-
itation is larger than the effect of the level based out-
put current limitation, wherein the fifth predefined
threshold is different for each of said at least two fifth
mapping functions, and

at least two sixth mapping functions that each define
a mapping wherein, for requested light output levels
that exceed a respective sixth predefined threshold,
the effect of the duty cycle based output current lim-
itation is smaller than the effect of the level based
output current limitation, wherein the sixth prede-
fined threshold is different for each of said at least
two sixth mapping functions.

A driver device according to any of claims 1 to 6,
wherein said light output characteristics comprise a
requested light output level, and said plurality of
mapping functions include at least one of the follow-

ing:

atleasttwo seventh mapping functions thateach
define a mapping wherein, for requested light
output levels that are smaller than a respective
seventh predefined threshold, a given change
in the requested light output level results in a
larger change in the duty cycle based output cur-
rent limitation than in the level based output cur-
rent limitation, wherein the seventh predefined
threshold is different for each of said at least two
seventh mapping functions, and

at least two eighth mapping functions that each
define a mapping wherein, for requested light
output levels that are smaller than a respective
eighth predefined threshold, a given change in
the requested light output level results in a small-
er change in the duty cycle based output current
limitation than in the level based output current
limitation, wherein the eighth predefined thresh-
oldis different for each of said at least two eighth
mapping functions.

12. A lighting arrangement comprising

adriver device accordingtoanyofclaims 1to 11, and
light output means electrically coupled to said driver
device.

13. A method for providing output current for one or more

light-emitting semiconductor devices, the method
comprising

controlling supply of said output current from a power
converter means for said one or more light-emitting
semiconductor devices, and
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14.

15.

24

regulating electrical characteristics of said output
current in accordance with requested light output
characteristics, said regulating comprising

alternately enabling and disabling provision of
said output current at a selectable duty cycle to
provide duty cycle based output current limita-
tion, and

controlling provision of said output current at a
selectable current level to enable level based
output current limitation,

so as to regulate the output current to exhibit an av-
erage level that corresponds to said requested light
output characteristics by a combination of the duty
cycle based output current limitation and the level
based output current limitation in dependence of a
selected one of a plurality of different predefined
mapping functions.

A method according to claims 13, wherein said light
output characteristics comprise a requested light
output level and wherein a mapping function defines
a mapping of a plurality of values of the requested
light output level to a corresponding plurality of pairs
of a duty cycle and a current level, thereby defining
arespective combination of the duty cycle based out-
put current limitation and the level based output cur-
rent limitation for each of said plurality of values.

A method according to claim 14, wherein said plu-
rality of mapping functions comprises two or more
mapping functions that are alternatives to each oth-
er, wherein each of said two or more mapping func-
tions defines a different mapping of said plurality of
values to a corresponding plurality of pairs of a duty
cycle and a current level, said two or more mapping
functions thereby defining two or more different com-
binations of the duty cycle based output current lim-
itation and the level based output current limitation
for each of said plurality of values.
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