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(54)
DEVICE FOR LIGHTING

(57) An operating device for lighting comprises a pri-
mary side circuit (201) configured to receive electric pow-
er and a secondary side circuit (203) galvanically isolated
from the primary side circuit (201) and configured to pro-
duce an output voltage and an output current. A trans-
former (202) between said primary (201) and secondary
(203) side circuits transfers electric power from the
former to the latter. A first detector (204) and a second
detector (205, 209) probe first and second quantities in
isolation from said primary side circuit (201) and produce

METHOD AND APPARATUS FOR PROVIDING FEEDBACK IN AN ISOLATED OPERATING

electric indications of detected values of said first and
second quantities. A controllable oscillator circuit (206)
produces a common oscillating signal with at least two
variable characteristics, where-in values of said at least
two variable characteristics are controlled by said electric
indications of the detected values of said firstand second
quantities. A galvanically isolated feedback coupling
(207) conveys said common oscillating signal from said
secondary side circuit to said primary side circuit.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to operating devices for
lighting that comprise galvanically isolated primary and
secondary sides. In particular the invention relates to the
task of conveying feedback signals across said galvanic
isolation.

BACKGROUND OF THE INVENTION

[0002] An operating device for lighting is an electronic
device that converts input power taken from a power dis-
tribution network to output power that is suitable for light
sources such as light-emitting diodes (LEDs). The oper-
ating device may be of the constant output type, config-
ured to provide the light sources with constant current
and/or constant voltage and/or constant power. Alterna-
tively the operating device may be of the controllable
type, configured to provide the light sources with variable
power to make the light sources emit light at variable
intensity. When the light sources are LEDs the operating
device is frequently referred to as the LED driver. ALED
driver of the controllable type is configured to provide the
LEDs with variable current. The output voltage of a LED
driver is typically allowed to vary so that it assumes the
value determined by the sum of threshold voltages of
LEDs coupled in series at the output.

[0003] The voltage in the power distribution network is
typically high enough to be hazardous to humans, like
230 V or 120 V AC. The output voltage of an operating
device for lighting may be required to be low enough to
avoid similar hazards. Such an operating device is fre-
quently referred to as a SELV (Safety Extra Low Voltage;
also Separation Extra Low Voltage) device. Galvanic iso-
lation is required between the input and output sides of
a SELV device, dividing the device into a primary side
and a secondary side. One or more transformers convey
electric energy from the primary side to the secondary
side. In many cases there is also the need to convey
feedback or other signals over the isolation, either from
the secondary side to the primary side or in the opposite
direction.

[0004] The most common component types for con-
veying feedback or other signals across a galvanic iso-
lation boundary are optoisolators and signal transform-
ers. An optoisolator is a DC-operated device, in which
the amount of electric current flowing through the light-
emitting diode on one side becomes reflected by the con-
ductivity of the phototransistor on the other side. It can
be used in digital mode, i.e. with sufficient difference be-
tween current either flowing or not flowing through the
light-emitting diode, or in analog mode, in which the var-
ying amount of current flowing through the light-emitting
diode is detected through the analogously varying con-
ductivity of the phototransistor. A signal transformer is
an AC-operated device, in which the input current must

10

15

20

25

30

35

40

45

50

55

vary in order to induce a similarly varying output current.
Optoisolators are favoured in isolated LED drivers over
signal transformers, because optoisolators are smaller
and cheaper and also because their DC operation con-
forms more easily with the common use of DC signals in
circuits of this kind.

[0005] A priorartpublication US 6,563,718 B1 explains
the use of optoisolators and signal transformers but in-
troduces also a third alternative, capacitive coupling. Fig.
1 shows the suggested principle. A primary power stage
101 feeds power over a transformer 102 to the secondary
power stage 102. An error amplifier 104 compares the
output voltage to a reference and produces an amplified
error voltage, which in turn defines the frequency of an
oscillating signal in a first converter 105. A capacitive
coupling 106 carries the oscillating signal back to the
primary side, where it is converted into a voltage in a
second converter 107. This voltage goes as a feedback
signal to the primary side controller 108.

SUMMARY OF THE INVENTION

[0006] Itis an object of the presentinvention to provide
an operating device and a method for providing feedback
from a galvanically isolated secondary side circuit to a
primary side circuit of the operating device so that the
arrangement is simple, reliable, and applicable to a
number of different kinds of feedback schemes.

[0007] The objects of the invention are reached by an
apparatus and method as defined by the respective in-
dependent claims.

[0008] According to afirst aspect of the invention there
is provided an operating device for lighting. It comprises:

- a primary side circuit configured to receive electric
power,

- a secondary side circuit galvanically isolated from
the primary side circuit and configured to produce
an output voltage and an output current,

- atransformer between said primary and secondary
side circuits for transferring electric power from the
primary side circuit to the secondary side circuit,

- afirstdetector and a second detector for probing first
and second quantities in isolation from said primary
side circuit and for producing electric indications of
detected values of said first and second quantities,

- within said secondary side circuit, a controllable os-
cillator circuit coupled to said first and second detec-
tors for producing a common oscillating signal with
at least two variable characteristics, where-in values
of said at least two variable characteristics are con-
trolled by said electric indications of the detected val-
ues of said first and second quantities, and

- agalvanicallyisolated feedback coupling for convey-
ing said common oscillating signal from said second-
ary side circuit to said primary side circuit.

[0009] According to a second aspect of the invention
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there is provided a method for providing feedback from
a galvanically isolated secondary side circuit to a primary
side circuitin an operating device for lighting. The method
comprises:

- probing first and second quantities in isolation from
said primary side circuit and producing electric indi-
cations of detected values of said first and second
quantities,

- producing a common oscillating signal within said
secondary side circuit with at least two variable char-
acteristics, wherein values of said at least two vari-
able characteristics are controlled by said electric
indications of the detected values of said first and
second quantities, and

- conveying said common oscillating signal through a
galvanically isolated feedback coupling from said
secondary side circuit to said primary side circuit.

[0010] 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 features that
are not recited. The features described hereinafter are
mutually freely combinable unless explicitly stated oth-
erwise.

[0011] The novel features which are considered as
characteristic of the invention are set forth in particular
in the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages thereof,
will be best understood from the following detailed de-
scription of specific embodiments when read in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 illustrates the known use of capacitive feed-
back coupling,

figure 2 illustrates an apparatus according to an em-
bodiment of the invention,

figure 3 illustrates a controllable oscillator circuit,

figure 4 illustrates the generation of a common os-
cillating signal in two different cases, and

figure 5 illustrates the generation of a common os-
cillating signal in another case.

DETAILED DESCRIPTION

[0013] Fig. 2 is a schematic illustration of an operating
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device for lighting. It comprises a primary side circuit 201,
which is configured to receive electric power through an
input a schematic representation of which is seen on the
leftinfig. 2. The operating device comprises a secondary
side circuit 203, which is galvanically isolated from the
primary side circuit and configured to produce an output
voltage and an output current. An output interface for
coupling a lighting load, such as a LED string or a LED
module, is schematically shown on the right in fig. 2. A
transformer 202 is provided between the primary and
secondary side circuits 201 and 203 for transferring elec-
tric power from the primary side circuit 201 to the sec-
ondary side circuit 203. The lighting load may comprise
other kinds of light sources than LED, for example incan-
descent or fluorescent lights or lasers. The term LED is
used here in general sense to mean all kinds of electro-
luminescent light sources in which the emission of light
is caused by electrons recombining with holes within or
close to semiconductor material.

[0014] The operating device comprises a first detector
204 and a second detector 205 for probing first and sec-
ond quantities in isolation from the primary side circuit
201 and for producing electric indications of detected val-
ues of the first and second quantities. The first and sec-
ond quantities may be for example output voltage and
output current, which may be probed directly or indirectly.
Numerous ways of probing output voltage and output cur-
rent, both directly and indirectly, are known from the tech-
nology of LED drivers. An example of directly probing
output voltage involves a voltage divider coupled be-
tween an output voltage node and a local ground node,
so that the potential difference between the middle point
of the voltage divider and said local ground represents a
scaled value of the actual output voltage. An example of
directly probing output currentinvolves a current sensing
resistor on a current path that also carries (at least a
significant portion of) the output current, so that the po-
tential difference across the current probing resistor rep-
resents a scaled value of the actual output current. Indi-
rect probing of output voltage and output current may
involve various image quantities, like an image voltage
or an image current, that are produced in unambiguous
relation with the actual voltage or current of interest but
are not literally the same.

[0015] In the vocabulary of this description an electric
indication of a detected value of a quantity is an electric
signal, the magnitude of which has an unambiguous re-
lation to the detected value of the probed quantity. As an
example, while the value of an electric current is typically
measured in milliamperes, an electric indication may be
for example a voltage, the magnitude of which tells, how
many milliamperes of electric current were detected. In
some cases the electric indication of a detected value
may be the value itself: for example if the detected value
of a voltage is within a suitable range, it can be used as
such as an electric indication. If the detected values of
voltage are either too low or too high to be conveniently
used as an electric indication, an electric indication of the
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detected voltage value may be obtained through scaling,
for example with an amplifier or a voltage divider. Electric
sensors of various kinds can be used to produce electric
indications of detected values in a number of known
ways, like producing a voltage that serves as an indica-
tion of detected value of temperature. Electric indications
are not necessarily voltages; they can be any kinds of
electrically expressed information.

[0016] Within the secondary side circuit 203 there is
provided a controllable oscillator circuit 206 that is cou-
pled to the first 204 and second 205 detectors. The pur-
pose of the controllable oscillator circuit 206 is to produce
a common oscillating signal with at least two variable
characteristics. Values of said at least two variable char-
acteristics are controlled by above-mentioned electric in-
dications of the detected values of the first and second
quantities. Said at least two variable characteristics may
be for example the frequency and duty cycle of the com-
mon oscillating signal.

[0017] The operating device of fig. 2 comprises a gal-
vanically isolated feedback coupling 207 for conveying
the common oscillating signal from the secondary side
circuit 203 to the primary side circuit 201. The primary
side comprises a feedback decoding circuit 208, the task
of which is to decode the information that the variable
characteristics of the common oscillating signal con-
veyed over the galvanically isolated feedback coupling
207, i.e. to produce signals that enable the primary side
circuit 201 to react properly to the detected values of the
quantities monitored by the first and second detectors
204 and 205. As an example, if the probed quantities
include at least one of output voltage and output current,
knowing the detected values may prompt the primary
side circuit 201 to increase or decrease the electric power
that is transferred over the transformer 202.

[0018] Fig. 3 illustrates schematically an embodiment
in which the first detector 204 is a voltage divider coupled
across the output of the operating device, and the second
detector 205 comprises a sensing resistor in the output
current path as well as an amplifier for amplifying the
voltage across the sensing resistor. The controllable os-
cillator circuit comprises a voltage-controlled oscillator
301, here a VCSO (voltage-controlled sawtooth oscilla-
tor), which is configured to output a first oscillating signal
302. The frequency of the first oscillating signal 302 is
defined by a control voltage 303. The electric indication
of the first quantity, i.e. the voltage provided by the first
detector 204, constitutes said control voltage and thus
defines the frequency of the first oscillating signal 302.
[0019] The exemplary controllable oscillator circuit of
fig. 3 comprises a comparator 304 configured to compare
the first oscillating signal 302 to the electric indication of
the second quantity, which is the output 305 of the am-
plifier in the second detector 205. The comparator 304
is thus configured to produce a two-level output signal
306 indicative of the result of comparing the first oscillat-
ing signal 302 to the output 305 of the amplifier in the
second detector 205. Taken that the polarity of the inputs
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of the comparator 304 are as shown in fig. 3, the two-
level output signal 306 is high as long as the output 305
of the amplifier in the second detector 205 remains higher
than the momentary value of the first oscillating signal
302, and low otherwise. The polarity of the inputs of the
comparator 304 could be selected in the opposite way,
in which case the two-level output signal would be low
as long as the output 305 of the amplifier in the second
detector 205 remained higher than the momentary value
of the first oscillating signal 302, and high otherwise. The
two-level output signal 306 constitutes the common os-
cillating signal that is taken to the galvanically isolated
feedback coupling 207, which in the exemplary embod-
iment of fig. 3 is an optoisolator.

[0020] The upper part of fig. 4 illustrates an example
of the first oscillating signal 302 and two arbitrarily se-
lected levels of the output 305 of the amplifier in the sec-
ond detector 205. In fig. 4 the reference designator 305
refers to a relatively large value of the last-mentioned,
meaning that the output current of the operating device
is relatively high. The resulting form of the two-level out-
put signal is shown with reference designator 306 in fig.
4. It has a relatively high duty cycle, meaning that the
two-level output signal 306 remains high for a relatively
large proportion of each cycle. The reference designator
305’ refers to a relatively small value of the output 305
of the amplifier in the second detector 205, meaning that
the output current of the operating device is relatively
low. The resulting form of the two-level output signal in
this case is shown with reference designator 306’ in fig.
4. It has arelatively low duty cycle, meaning that the two-
level output signal 306’ remains high for a relatively small
proportion of each cycle.

[0021] The upper part of fig. 5 illustrates an example
inwhich the frequency of the first oscillating signal is high-
er than in fig. 4, for which reason it is shown with the
reference designator 302". The illustrated level of the out-
put 305 of the amplifier in the second detector is the same
in fig. 5 as the similarly numbered level in fig. 4. The
resulting form of the two-level output signal is shown with
reference designator 306" in fig. 5. lts frequency is the
same as that of the first oscillating signal 302", and its
duty cycle is the same as that shown with reference des-
ignator 306 in fig. 4 - both the "high"time and
the "low" time in each cycle are shorter than of the two-
level output signal 306 in fig. 4, but their relation is the
same.

[0022] Figs. 3 to 5 thus illustrate an example of how
the values of the at least two variable characteristics of
the common oscillating signal are controlled by the elec-
tric indications of the detected values of the first and sec-
ond quantities: the frequency of the common oscillating
signal is controlled by the electric indication of the de-
tected value of the output voltage, and the duty cycle of
the common oscillating signal is controlled by the electric
indication of the detected value of the output current.
[0023] The first and second quantities that are probed
in isolation from the primary side circuit are not neces-



7 EP 3 244 696 A1 8

sarily electric quantities like output voltage and output
current that are directly present within the secondary side
circuit. At least one of the first and second detector may
comprise a sensor configured to probe some other kind
of quantity; such an "external" detector is schematically
shown with reference designator 209 in fig. 2. The "ex-
ternal" detector 209 may probe for example temperature,
which may be a temperature within the operating device
(in order to find out, whether the operating device is run-
ning within a safe temperature range), a temperature of
the surroundings, or a temperature of the light sources
coupled to the output of the operating device (in order to
find out, whether the light sources are running within a
safe temperature range, and/or whether a colour correc-
tion needs to be made because of atemperature-induced
shift in an emission spectrum of the light sources).
[0024] An "external" detector may also be used for so-
called optical feedback, so that it probes the intensity
and/or spectral content of light emitted by the light sourc-
es that are coupled to the output of the operating device.
Yet another type of "external" detectors may involve re-
ceivers of wireless signals, in which case at least one of
the first and second quantities could involve received in-
frared radiation, received ultrasound, or received wire-
less power.

[0025] In the example described above the two varia-
ble characteristics of the common oscillating signal were
frequency and duty cycle. The encoding convention, i.e.
the way of mapping the probed quantities into the variable
characteristics of the common oscillating signal, was
such that the frequency of the common oscillating signal
was proportional to the value of the output voltage, and
the duty cycle of the common oscillating signal was pro-
portional to the value of the output current. The concept
of proportionality is used here in a more general sense
than a strict mathematical interpretation; it means simply
thatthe higherthe output voltage the higher the frequency
and so on. The encoding convention could be selected
otherwise. The feedback decoding circuit 208 in the pri-
mary side circuit just needs to be constructed so that the
information about the detected values of the probed
quantities comes into appropriate use within the primary
side circuit. Other variable characteristics of the common
oscillating signal could be its amplitude and/or phase.
[0026] The physical implementation of the galvanically
isolated feedback coupling 207 must naturally be select-
ed so that it accommodates the expected dynamic range
of the variable characteristics of the common oscillating
signal, and conveys the associated information with as
little attenuation and distortion as possible. As soon as
the character and dynamic range of the variable charac-
teristics have been decided, a person skilled in the art
can construct an adequate galvanically isolated feed-
back coupling in a relatively straightforward manner. The
galvanically isolated feedback coupling 207 may com-
prise for example at least one of an optoisolator, signal
transformer, and capacitive coupling.

[0027] According to an alternative embodiment of the
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invention the galvanically isolated feedback coupling 207
may comprise a radio (or other short distance wireless)
transmitter on the secondary side and a radio (or other
short distance wireless) receiver on the primary side. The
use of radio waves for feedback within a device is not
very common, among others because all electromagnet-
ic energy that may leak into the surroundings of the de-
vice is typically considered as unwanted interference and
something that should be avoided. However, using radio
waves for feedback within an operating device of a light-
ing system may involve surprising advantages. Namely,
a lighting system typically involves a number of lumi-
naires, each with its own operating device, within dis-
tances of some metres from each other. Certain kind of
feedback transmitted in one of the operating devices may
constitute useful information in another operating device
nearby. A group of operating devices that are capable of
monitoring the feedback transmitted in each other may
develop a kind of swarm intelligence, so that for example
feedback that asks for rapidly increasing power in one
luminaire (because someone has entered the field of
view of a PIR sensor, and lights need to be turned on)
may trigger an increase of power also in other luminaires
nearby, even before their own movement sensors de-
tected the person in question.

[0028] The schematic illustration in fig. 2 can also be
considered as a functional diagram representing a meth-
od for providing feedback from a galvanically isolated
secondary side circuit 203 to a primary side circuit 201
in an operating device for lighting. The method compris-
es:

- probing first and second quantities in isolation from
said primary side circuit 201 and producing electric
indications of detected values of said first and sec-
ond quantities,

- producing a common oscillating signal within said
secondary side circuit 203 with at least two variable
characteristics, wherein values of said at least two
variable characteristics are controlled by said elec-
tricindications of the detected values of said firstand
second quantities, and

- conveying said common oscillating signal through a
galvanically isolated feedback coupling 207 from
said secondary side circuit 203 to said primary side
circuit 201.

[0029] In said method the first and second quantities
may come from the group comprising output voltage, out-
put current, temperature, intensity of light, spectral con-
tent of light, received infrared radiation, and received
wireless power. Said at least two variable characteristics
may come from the group comprising frequency of the
common oscillating signal, duty cycle of the common os-
cillating signal, amplitude of the common oscillating sig-
nal, and phase of the common oscillating signal.
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[0030] The features and embodiments of the invention
that have been described above are presented as exam-
ples, and numerous modifications and combinations are
possible. For example, although LEDs have been men-
tioned as the light sources coupled to the output of the
operating device, the same principle may applied also
with other kinds of light sources. The sawtooth oscillator
that has been explained as an example of a voltage-con-
trolled oscillator may be replaced with some other kind
of controllable oscillator. If some other variable charac-
teristic of the common oscillating signal than frequency
or duty cycle is employed, the controllable oscillator cir-
cuit must comprise the appropriate means for mapping
the probed quantity in the value of such a variable char-
acteristic. The examples that have been described only
involved using exactly two variable characteristics of the
common oscillating signal as carriers of information, but
three, four or even more variable characteristics could
be used simultaneously. Additionally a combination of
two or more variable characteristics can be used as a
carrier of information, so that different value combina-
tions carry different pieces of information.

Claims
1. An operating device for lighting, comprising:

- a primary side circuit (201) configured to re-
ceive electric power,

- a secondary side circuit (203) galvanically iso-
lated from the primary side circuit (201) and con-
figured to produce an output voltage and an out-
put current,

- atransformer (202) between said primary (201)
and secondary (203) side circuits for transferring
electric power from the primary side circuit (201)
to the secondary side circuit (203),

- a first detector (204) and a second detector
(205, 209) for probing firstand second quantities
in isolation from said primary side circuit (201)
and for producing electricindications of detected
values of said first and second quantities,

- within said secondary side circuit, a controlla-
ble oscillator circuit (206) coupled to said first
(204) and second (205, 209) detectors for pro-
ducing a common oscillating signal with at least
two variable characteristics, wherein values of
said atleast two variable characteristics are con-
trolled by said electric indications of the detected
values of said first and second quantities, and
- agalvanically isolated feedback coupling (207)
for conveying said common oscillating signal
from said secondary side circuit to said primary
side circuit.

2. An operating device according to claim 1, wherein
said first and second quantities come from the group
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comprising:

- output voltage,

- output current,

- temperature,

- intensity of light,

- spectral content of light,

- received infrared radiation, and
- received wireless power.

An operating device according to any of the preced-
ing claims, wherein said at least two variable char-
acteristics come from the group comprising:

- frequency of the common oscillating signal,

- duty cycle of the common oscillating signal,

- amplitude of the common oscillating signal, and
- phase of the common oscillating signal.

An operating device according to any of the preced-
ing claims, wherein:

- said controllable oscillator circuit (206) com-
prises a voltage-controlled oscillator (301) con-
figured to output a first oscillating signal (302),
the frequency of which is defined by a control
voltage (303),

- the electric indication of said first quantity con-
stitutes said control voltage (303),

- said controllable oscillator circuit (206) com-
prises a comparator (304) configured to com-
pare said first oscillating signal (302) to the elec-
tric indication (305) of said second quantity and
to produce a two-level output signal (306) indic-
ative of the result of said comparing, and

- said two-level output signal constitutes said
common oscillating signal.

An operating device according to any of the preced-
ing claims, wherein the galvanically isolated feed-
back coupling (207) comprises at least one of:

- an optoisolator,
- a signal transformer, and
- a capacitive coupling.

An operating device according to any of claims 1 to
4, wherein the galvanically isolated feedback cou-
pling comprises a radio transmitter.

A method for providing feedback from a galvanically
isolated secondary side circuit (203) to a primary side
circuit (201) in an operating device for lighting, the
method comprising:

- probing (204, 205, 209) first and second quan-
tities in isolation from said primary side circuit
(201) and producing electric indications of de-
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tected values of said first and second quantities,

- producing (206) a common oscillating signal
within said secondary side circuit (203) with at
least two variable characteristics, wherein val-
ues of said at least two variable characteristics 5
are controlled by said electric indications of the
detected values of said first and second quanti-
ties, and

- conveying (207) said common oscillating sig-

nal through a galvanically isolated feedback 10
coupling from said secondary side circuit to said
primary side circuit.

8. A method according to claim 7, wherein said first and
second quantities come from the group comprising: 15

- output voltage,

- output current,

- temperature,

- intensity of light, 20
- spectral content of light,

- received infrared radiation, and

- received wireless power.

9. A method according to any of claims 7 or 8, wherein 25
said at least two variable characteristics come from
the group comprising:
- frequency of the common oscillating signal,
- duty cycle of the common oscillating signal, 30

- amplitude of the common oscillating signal, and
- phase of the common oscillating signal.
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