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(54) METHOD AND ARRANGEMENT FOR SETTING THE OUTPUT CURRENT OF A LED DRIVER

(57) A driver device is presented for providing output
current for one or more light-emitting semiconductor de-
vices. The driver device comprises a processor and a
connector coupled to said processor. The processor is
configured to store a reference value for use in limiting

said output current, said reference value being depend-
ent on what is connected to said connector, and to use
the stored reference value in the absence of any com-
ponent from said connector.
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Description

FIELD OF THE INVENTION

[0001] The example embodiments of the present in-
vention relate to the control of a driver device for operat-
ing one or more light-emitting semiconductor devices,
such as light emitting diodes (LEDs), at a predefined cur-
rent. In particular, one or more example embodiments of
the present invention relate to setting the value of the
predefined output current in a simple and effective man-
ner.

BACKGROUND OF THE INVENTION

[0002] Light fixtures that rely on light emitting semicon-
ductor devices such as light emitting diodes (LEDs) as
the source of light typically comprise a driver device, the
task of which is to convert input power to output current
and voltage of suitable magnitude so that the light radi-
ated by the light emitting semiconductor devices has de-
sired brightness, color temperature, and/or possible oth-
er characteristics. In the following the acronym LED is
used in a broad sense that covers all kinds of light emitting
semiconductor devices, such as traditional LEDs, organ-
ic LEDs (OLEDs), laser diodes, and the like.
[0003] A key operating factor of LEDs is the output cur-
rent of the driver device. The driver manufacturer typically
dimensions the driver electronics according to output
power, which can then be utilized at various output volt-
age and current combinations. For example if the output
power of the driver is 30 watts, a luminaire manufacturer
may decide to take out 350 mA at 85 V, or 700 mA at 42
V, or 1050 mA at 28 V.
[0004] A widely used way in which the output current
is set involves a passive component, typically a resistor,
connected to a dedicated two-pole connector at the out-
put side of the driver device. The resistor is frequently
referred to as the Rset or Iset resistor, and it becomes
part of an analog current feedback coupling that defines,
how large the output current can become before the driv-
er device starts limiting it for example by ending a con-
duction period of the power switch in a switched-mode
power supply. The driver device allows its output voltage
to freely assume a value that matches the sum of the
threshold voltages of LEDs coupled in series between
the output nodes, as long as said sum is within a range
of allowable output voltages.
[0005] Fig. 1 illustrates a driver device in which an Rset
or Iset resistor can be used. An input section 101 is adapt-
ed to be coupled to a mains grid, for example 230 volts
AC at 50 Hz. The input section 101 typically contains
passive filtering components as well as a rectifier bridge,
and is adapted to produce an internal DC voltage be-
tween the lines marked VDC and GND. This internal DC
voltage goes into a DC-DC converter section 102, which
typically comprises one or two switched-mode power
supply stages and is adapted to produce another internal

DC voltage between the lines marked VBUS and 0V. The
last-mentioned voltage, which is commonly called the
bus voltage, goes into one or more output stages, of
which section 103 is shown in fig. 1. Its output nodes are
marked LED+ and LED- to signify that a LED chain can
be coupled therebetween.
[0006] The driver device of fig. 1 is controllable, so it
comprises a control interface section 104 adapted to be
coupled to a control bus. In this example a DALI (Digital
Addressable Lighting Interface) is shown as an example.
The control interface section 104 is coupled to a second-
ary side controller 105 that receives control commands
from the control bus and controls the operation of the
driver device accordingly.
[0007] In order to properly control the operation of the
DC-DC converter section 102 there is a primary controller
106 that belongs to the primary side of the driver device.
Each of the controllers 105 and 106 may receive various
measured values that are all schematically represented
with a single line marked MON respectively. They may
also send various controlling signals that are all sche-
matically represented with a single line marked CTRL
respectively. The Rset or Iset resistor is to be coupled
between the nodes marked ISET+ and ISET-, and it be-
comes a part of a current feedback circuit 107 of the
section 103.
[0008] It is also known to set the output current of a
LED driver device through programming. As an example,
the SimpleSet wireless programming solution of Konin-
klijke Philips N.V., the Netherlands, involves placing a
near-field communications transceiver close to a LED
driver device and using near-field communications with
a corresponding transceiver in the LED driver device to
set various operating parameters. SimpleSet and Philips
are registered trademarks of Koninklijke Philips N.V.
[0009] The known ways of setting the output current
are not without drawbacks. The use of Rset or Iset resis-
tors requires the luminaire manufacturer to have thou-
sands of suitable resistors in store, and to make someone
install a selected resistor to each and every driver device
that is used to make luminaires. Remote programming
arrangements like SimpleSet require the luminaire man-
ufacturer to invest in the associated instruments and train
the manufacturing personnel to use them.

SUMMARY OF THE INVENTION

[0010] It is an objective of the present invention to pro-
vide a technique for setting the output current of a driver
device in an advantageous way that is easily adaptable
to mass production.
[0011] The objectives of the invention are achieved
with a driver device and a method as defined by the re-
spective independent claims.
[0012] According to a first example embodiment of the
invention, there is provided a driver device for providing
output current for one or more light-emitting semiconduc-
tor devices, the driver device comprising:
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a processor, and

a connector coupled to said processor;

wherein said processor is configured to store a ref-
erence value for use in limiting said output current,
said reference value being dependent on what is
connected to said connector, and to use the stored
reference value in the absence of any component
from said connector.

[0013] According to another example embodiment of
the invention, there is provided a method for setting the
output current provided by a driver device for one or more
light-emitting semiconductor devices, the method com-
prising:

making a processor in said driver device store a ref-
erence value for use in limiting said output current,
said reference value being dependent on what is
connected to a connector coupled to the processor,
and use the stored reference value in the absence
of any component from said connector.

[0014] According to another example embodiment of
the invention, there is provided a computer program for
setting the output current provided by a driver device for
one or more light-emitting semiconductor devices, com-
prising machine-readable instructions stored on a non-
volatile medium, said machine-readable instructions be-
ing configured to, when executed by a processor of said
driver device, make the processor store a reference value
for use in limiting said output current, said reference value
being dependent on what is connected to a connector
coupled to the processor, and use the stored reference
value in the absence of any component from said con-
nector.
[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] 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

[0017]

Figure 1 schematically illustrates a driver device.

Figure 2 schematically illustrates a driver device.
Figure 3 schematically illustrates a method and a
computer program.
Figure 4 schematically illustrates the concepts of a
triggering time and holding time.
Figure 5 schematically illustrates an interface circuit.
Figure 6 schematically illustrates an output stage of
a driver device.
Figure 7 schematically illustrates forming control sig-
nals for the output stage.

DETAILED DESCRIPTION

[0018] Fig. 2 illustrates a driver device for providing
output current for one or more light-emitting semiconduc-
tor devices. The input section 101, its coupling to a mains
grid, the DC-DC converter section 102, the primary con-
troller 106, and the control interface section 104 may be
similar to the correspondingly numbered parts in fig. 1.
Their structure and operation have little significance to
the present invention, for which reason they are not de-
scribed here in more detail
[0019] The output stage 203 is coupled to receive the
bus voltage produced by the DC-DC converter section
102 and configured to provide output current to a LED
chain that will be coupled between the output nodes
marked LED+ and LED- in fig. 2. The general designation
"LED chain" is used to describe any number and any
networked or meshed configuration of light-emitting sem-
iconductor devices that can be coupled to receive the
output current provided by the output stage 203.
[0020] In fig. 2 it is assumed that the output stage 203
comprises a current feedback circuit 207, but contrary to
the arrangement of fig. 1 the structure and operation of
the current feedback circuit 207 have been fixed by the
manufacturer of the driver device and cannot be later
changed with the addition of any external resistor or other
component. The output stage 203 is configured to pro-
vide an output current of a nominal value to the LED
chain; the nominal value is a maximum allowable contin-
uous electric current value for which the LED chain is
rated. At the time of writing this description it is customary
to express the maximum allowable continuous electric
current values of LEDs used for illumination as integral
multiples of 350 mA, so (non-limiting) examples of nom-
inal values are e.g. 350 mA, 700 mA, 1050 mA, and 1400
mA.
[0021] The driver device of fig. 2 comprises a proces-
sor 205 and a connector 208 coupled to the processor
205. In the arrangement of fig. 2 the coupling between
the connector 208 and the processor 205 takes place
through an interface circuit 209. In its simplest form the
interface circuit 209 may consist of trivial connections
between nodes of the connector 208 and corresponding
pins of the processor 205, but also more elaborate inter-
face circuits are possible, an example of which will be
given later in this text.
[0022] The processor 205 may receive various meas-
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ured values from the output stage 203 that are all sche-
matically represented with a single line marked MON in
fig. 2. The processor 205 may also send various control-
ling signals that are all schematically represented with a
single line marked CTRL in fig. 2. In particular, the proc-
essor 205 is configured to store a reference value for use
in limiting the output current provided by the output stage
203 so that the output current does not exceed a selected
nominal value. The reference value is dependent on what
is connected to the connector 208. The processor 205 is
configured to use the stored reference value in limiting
the output current in the absence of any component from
the connector 208.
[0023] The purpose of the arrangement of the kind ex-
plained above is to enable a luminaire manufacturer or
other user of the driver device to set the nominal value
of the output current by temporarily connecting a setting
component to the connector 208, and later removing it
when the processor 205 has been made aware of an
appropriate electric characteristic of the setting compo-
nent. If the driver device comprises an outer cover, it is
therefore advantageous if the connector 208 is accessi-
ble on the outside of the outer cover. The setting com-
ponent can be for example a resistor, in which case said
appropriate electric characteristic is the resistance of the
resistor. The setting component can, however, be also
something else, like a capacitor or inductor, in which case
the appropriate electric characteristic is the capacitance
of the capacitor or the inductance of the inductor. Sim-
plest setting components like resistors, capacitors, and
inductors have two pins, for which reason the connector
208 in its simplest form is a two-pole connector.
[0024] Fig. 3 is a flow diagram that can be read as a
description of a method or as a description of a computer
program comprising machine-readable instructions
stored on a nonvolatile medium, said machine-readable
instructions being configured to, when executed by a
processor of the driver device, make the processor exe-
cute the corresponding method. The purpose of the
method steps (and the corresponding machine-readable
instructions) is to ensure that the setting of the nominal
value of the output current is made smoothly and easily
when desired, but that changes in the nominal value of
the output current are not made accidentally when not
intended. For this purpose it is advantageous to bind the
setting of the nominal value of the output current to a
predetermined time from switching on the processor.
[0025] In general, the processor 205 is configured to
measure the value of an electric characteristic (e.g. re-
sistance) of what (e.g. resistor) is connected to the con-
nector 208 within a predetermined time from switching
on the processor 205. Switching on the processor 205
typically takes place as a part of switching on the whole
driver device, and the concept of "switching on" may be
generalized to cover also resetting the processor 205,
i.e. making it begin executing its operating program from
the beginning even if its operating voltage is not inter-
rupted in between. The processor 205 is configured to

calculate a reference value, taking the measured value
of said electric characteristic into account, and to store
the calculated value. The processor 205 is further con-
figured to use the calculated and stored reference value
after said predetermined time from which on the proces-
sor 205 has expired.
[0026] Step 301 in fig. 3 corresponds to switching on
(or resetting) the processor. It is assumed that the driver
device should be operable for providing some output cur-
rent also relatively quickly after switch-on, so step 302 in
fig. 3 corresponds to temporarily using a reference value
that has been previously stored in a nonvolatile memory
that is available to the processor. For safety it may be
advantageous to store in said nonvolatile memory a de-
fault reference value that corresponds to the smallest
possible nominal value of the output current, so that im-
mediately after switch-on only a relatively small output
current is provided until the setting process has been
executed.
[0027] Step 303 in fig. 3 corresponds to examining,
whether a change occurs in what is connected to the
connecter before the expiration of a predetermined du-
ration of time, called here the triggering time. A positive
finding at step 303 causes a transition to step 304, which
in fig. 3 corresponds to measuring the value of an electric
characteristic of what is connected to said connector.
This means that the operator must switch on the driver
device with no setting component initially connected, and
connect the setting component to the connector before
the triggering time expires. A suitable length of the trig-
gering time may be in the order of some seconds or some
tens of seconds, like 60 seconds. The processor 205 only
executes the step of measuring the value of said electric
characteristic as a response to detecting a change of
what is connected to the connector 208 within a triggering
time from switching on (or resetting) the processor. A
negative finding at step 303 causes bypassing all follow-
ing steps, as illustrated in fig. 3: the processor is config-
ured to use a previously stored reference value if no
change is detected in what is connected to the connector
during the triggering time.
[0028] Step 305 in fig. 3 corresponds to calculating a
reference value, taking the measured value of said elec-
tric characteristic into account. The term "calculating"
should be understood in a wide sense, covering e.g. the
application of a mathematical algorithm but also covering
e.g. reading from a look-up table.
[0029] Step 306 in fig. 3 corresponds to checking,
whether the setting component has remained in place in
the connector at least for the duration of a predetermined
time, called here the holding time. Requiring the setting
component to remain in place, with the value of its ap-
propriate electric characteristic essentially unchanged,
for the duration of the holding time is an advantageous
safety measure that may keep the processor from acci-
dentally changing the nominal output current e.g. in cas-
es where the operator unintendedly touches the connec-
tor 208 with a tool or wire during the triggering time. The
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processor is configured to execute, in accordance with
step 307 in fig. 3, the step of storing the calculated ref-
erence value only as a response to the measured value
of the electric characteristic staying essentially constant
for the duration of the predetermined holding time. If a
change is detected in what is connected to the connector
208 during the holding time, a transition from step 306
to step 308 occurs, meaning that the processor will con-
tinue using the previously stored reference value.
[0030] An alternative embodiment of the method could
be implemented, in which a positive finding at step 306,
i.e. an observed change in the measured value of the
electric characteristic before the expiration of the holding
time, would as a default lead back to step 304. In other
words, if the processor noted that some change occurred
before the end of the holding time, it would start a new
measurement in the hope that this time the electric char-
acteristic would remain the same throughout the (newly
begun) holding time. If step 306 again resulted in a pos-
itive finding, a new return to step 304 could occur unless
some predetermined timeout had expired or unless a pre-
defined maximum number of attempted new measure-
ments had been reached. Thus the processor would
make repeated attempts of observing a constant electric
characteristic for the duration of a whole holding period,
and only if one did not occur even after a number of at-
tempts, revert to using a previously stored value at step
308.
[0031] Fig. 4 illustrates an example of the concepts of
triggering time and holding time after switching on the
processor. If nothing is connected to the connector 208
when the processor is switched on, the resistance ob-
served between the two poles of the connector is essen-
tially infinite. If a resistor of resistance RSET is then con-
nected between said poles of the connector 208 before
the expiry of the triggering time, the observed resistance
assumes the value RSET and remains there until the
resistor is removed. The calculated reference value is
then dependent on the resistance observed between the
two poles of the connector. In order to make the proces-
sor store the calculated reference value, the resistor must
not be removed before the holding time has expired. In
fig. 4 it is assumed that the holding time is a time period
of predetermined length that begins when the predeter-
mined triggering time expires; in an alternative embodi-
ment the holding time starts running immediately when
the processor has noticed a change in what is connected
to the connector during the triggering time.
[0032] Fig. 5 illustrates an example of an interface cir-
cuit 209 that can be used to couple the connector 208 to
the processor 205. A resistor network is coupled between
the operating voltage VDD and ground GND nodes of
the processor 205, and a connection is made from the
middle of the resistor network to a measurement pin of
the processor 205. The two poles of the connector 208
are connected across one of the resistors in the resistor
network. Since the operating voltage VDD can be as-
sumed to remain constant, the voltage that the processor

205 observes between the measurement and ground de-
pends on the resistance between the poles of the con-
nector 208, i.e. on the value of a setting resistor that is
connected to the connector 208.
[0033] Fig. 6 illustrates an example of an output stage
203, which in this case has the circuit topology of a buck
converter, in which a power switch 604 is driven with a
switch driver circuit 601. The switch driver circuit 601 may
be an integrated circuit, for example the circuit MP24894
of Monolithic Power Systems, San Jose, California. The
MP24894 has the particular feature that a voltage smaller
than 0.3 V between its EN/DIM and GND pins disables
the whole circuit, while a voltage greater than 0.3 V but
lower than 2.7 V acts as an analog current control signal,
changing the way in which the circuit responds to its own
current feedback signal. Also other basic approaches to
the design of the switch driver circuit are possible, as
long as it can be made to react to the values at a control
input so that the output current of the output stage can
be changed.
[0034] The main current path in fig. 6 goes from a first
input voltage node Vbus through a current sensing re-
sistor 602 to the first output voltage node LED+, and from
the second output voltage node LED- through an inductor
603 and a power switch 604 to the second input voltage
node 0V. A freewheeling current path goes through the
current sensing resistor 602 to the first output voltage
node LED+, and from the second output voltage node
LED- through the inductor 603 and a diode 605 back to
the first end of the current sensing resistor 602. An input
capacitor 606 is coupled between the first and second
input voltage nodes, and an output capacitor 607 is cou-
pled between the first and second output voltage nodes.
[0035] Couplings to the VIN and ISENSE inputs of the
switch driver circuit 601 come from opposite ends of the
current sensing resistor 602, and the DRV output of the
switch driver circuit 601 is coupled to the gate of the MOS-
FET that acts as a power switch 604. The switch driver
circuit 601 is configured to respond to voltages between
0.3 V and 2.7 V at its control input EN/DIM by allowing a
potential difference across the current sensing resistor
602 to reach a value proportional to the voltage at the
control input EN/DIM during each switching pulse.
[0036] Couplings from the VCC and GND connections
of the switch driver circuit 601 are to the local ground
potential (the 0V line), through a capacitor 608 from the
first-mentioned and directly from the last-mentioned. The
node that offers a coupling to the EN/DIM input of the
switch driver circuit 601 is marked with the reference des-
ignator 609.
[0037] Fig. 7 illustrates an example of how control puls-
es can be formatted for coupling to the control input
EN/DIM of the switch driver circuit. The arrangement of
fig. 7 comprises a control pulse formatter 701 that is cou-
pled to the control input EN/DIM of the switch driver circuit
601. The control pulse formatter 701 is configured to pro-
vide the control input EN/DIM with control pulses of var-
iable amplitude that exceeds the first threshold (0.3 V),
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at a pulse width modulation frequency that is significantly
smaller than the switching frequency applied at the power
switch 604. The difference in frequencies would typically
be in the order of decades.
[0038] Even if the amplitude of the control pulses may
vary, also the smallest amplitude (i.e. the lowest voltage
value) used for a control pulse exceeds the first threshold.
Thus each control pulse acts as an enabling pulse of the
overall operation of the switch driver circuit 601. In other
words, the control pulses act as PWM control pulses to
the switch driver circuit 601 regardless of any variation
in their amplitude. The frequency and duty cycle of the
control pulses will directly determine the frequency and
duty cycle of repeatedly enabling and disabling the switch
driver circuit 601, and therethrough repeatedly enabling
and disabling the whole output stage of the driver device.
[0039] The amplitude of each control pulse sets, con-
trol pulse by control pulse, the value that the amplitude
of the measured current is allowed to reach during each
of those switching pulses that occur in the switched-mode
power supply during that particular control pulse. The
relatively large difference in frequency between the con-
trol pulses and switching pulses means that during an
individual control pulse there may occur tens, hundreds,
or even thousands of switching pulses. It is even possible
that the amplitude of the control pulse is not constant but
changes during the control pulse, in which case the al-
lowed value of the measured current may vary in a similar
way in the switched-mode power supply during that con-
trol pulse.
[0040] The control pulse formatter 701 of fig. 7 acts as
a kind of multiplexer, in the sense that it receives two
input signals (PWM and NOM) and outputs a common
output signal that has characteristics derived from both
input signals: the frequency and duty cycle of the pulsed
output signal may follow directly the frequency and duty
cycle of the PWM input signal, and the amplitude of the
pulses in the output signal may follow directly the ampli-
tude of the NOM input signal. Direct following is not a
requirement: the control pulse formatter 701 may also
implement scaling and/or mapping functions that derive
the frequency, duty cycle, and amplitude of the output
signal on the basis of some unequivocal rule(s).
[0041] Both the PWM input signal and the NOM input
signal may come from the processor 205, and at least
one of them may be formed in the processor on the basis
of the reference value that was calculated and stored at
steps 305 and 307 of fig. 3. For example, the processor
may use the PWM input signal for dimming the LEDs and
the NOM input signal for setting the nominal output cur-
rent, or vice versa.
[0042] Changes and modifications to the embodiments
described above are possible without departing from the
scope of the appended claims. For example, in particular
if some other switch driver circuit than the MP24894 is
used, the processor may use a single PWM input to the
switch driver circuit for dimming, and use a NOM signal
proportional to the stored reference value to directly af-

fect a current feedback circuit in the output stage. Directly
affecting a current feedback circuit could mean for ex-
ample biasing some node of the current feedback circuit
to a potential that depends on the stored reference value.

Claims

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

a processor, and
a connector coupled to said processor;
wherein said processor is configured to store a
reference value for use in limiting said output
current, said reference value being dependent
on what is connected to said connector, and to
use the stored reference value in the absence
of any component from said connector.

2. A driver device according to claim 1, wherein the
driver device comprises an outer cover, and said
connector is accessible on the outside of the outer
cover.

3. A driver device according to claim 1 or 2, wherein
the connector is a two-pole connector.

4. A driver device according to any of the preceding
claims, wherein the processor is configured to:

measure the value of an electric characteristic
of what is connected to said connector within a
predetermined time from switching on said proc-
essor,
calculate said reference value taking the meas-
ured value of said electric characteristic into ac-
count, and store the calculated reference value,
and
use the calculated and stored reference value
after said predetermined time has expired.

5. A driver device according to claim 4, wherein the
processor is configured to:

execute the step of measuring the value of said
electric characteristic only as a response to de-
tecting a change of what is connected to said
connector within a triggering time from switching
on said processor, and
use a previously stored reference value if no
change is detected in what is connected to said
connector during said triggering time.

6. A driver device according to claim 4 or 5, wherein
the processor is configured to:
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execute the step of storing the calculated refer-
ence value only as a response to the measured
value of said electric characteristic staying es-
sentially constant for the duration of a predeter-
mined holding time, and
use a previously stored reference value if a
change is detected in what is connected to said
connector during said holding time.

7. A driver device according to claim 6, wherein the
processor is configured to
as a response to the measured value of said electric
characteristic not staying essentially constant for the
duration of the predetermined holding time, measure
again the value of an electric characteristic of what
is connected to said connector and calculate again
said reference value taking the measured value of
said electric characteristic into account, and execute
the step of storing the calculated reference value on-
ly as a response to the measured value of said elec-
tric characteristic staying essentially constant for the
duration of said predetermined holding time after
said measuring again of said value.

8. A driver device according to any of the preceding
claims, wherein said reference value is dependent
on the resistance observed between two poles of the
connector.

9. A method for setting the output current provided by
a driver device for one or more light-emitting semi-
conductor devices, the method comprising:

making a processor in said driver device store
a reference value for use in limiting said output
current, said reference value being dependent
on what is connected to a connector coupled to
the processor, and use the stored reference val-
ue in the absence of any component from said
connector.

10. A method according to claim 9, comprising:

switching on said processor,
during a predetermined triggering time, connect-
ing a setting component to said connector, and
after a predetermined holding time, removing
said setting component from said connector.

11. A computer program for setting the output current
provided by a driver device for one or more light-
emitting semiconductor devices, comprising ma-
chine-readable instructions stored on a nonvolatile
medium, said machine-readable instructions being
configured to, when executed by a processor of said
driver device, make the processor store a reference
value for use in limiting said output current, said ref-
erence value being dependent on what is connected

to a connector coupled to the processor, and use the
stored reference value in the absence of any com-
ponent from said connector.
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