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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to flicker reduc-
tion circuits according to the preambles of the appended
independent claims. The invention also relates to a LED
(light emitting diode) lighting device that comprises a
flicker reduction circuit.

BACKGROUND OF THE INVENTION

[0002] Many of the known LED lighting devices pro-
duce disturbing flicker. By the flicker is meant rapid var-
iations in the light intensity of a light source. In a LED
lighting device, the flicker is typically derived from the
operation of a driver or a dimmer and driver pairing, if
applicable. The periodic waveform that usually charac-
terises flicker can be principally described by its ampli-
tude modulation, average value over a periodic cycle,
shape or duty cycle, and periodic frequency. The two
most used metrics for quantifying flicker are percent flick-
er and flicker index.
[0003] Flicker sensitivity is generally accepted to be
dependent on the frequency of the light intensity varia-
tion: the higher the frequency, the lower the sensitivity to
most potential effects of the flicker. It is generally known
that light sources with low-frequency flicker, such as 3
Hz to 70 Hz, can have serious neurological consequenc-
es, including triggering photosensitive epilepsy. Fre-
quencies of 100 Hz to 300 Hz are recognized as contrib-
uting to headaches and migraines, and to reducing vis-
ual-task performance. Because of these potential health
hazards associated with the flicker, it is important to de-
sign the lighting devices to generate a minimal amount
of flicker.
[0004] Many of the known LED lighting devices com-
prise a plurality of series-connected LEDs, which can be
driven using different techniques. One known technique
used in offline LED lighting applications is to divide the
series-connected LEDs into groups and to switch the
LED groups on and off according to the rectified AC input
voltage using switching units. Each switching unit is con-
nected to one LED group and configured to switch the
LED group on and off in a particular switching order as
the rectified AC input voltage changes. Each switching
unit steers electrical current through or away from the
corresponding LED group independently of the other
switching units.
[0005] Because the switching units are configured to
repeatedly interrupt the current through the LED groups,
the LED lighting device produces considerable flicker. In
order to suppress the flicker, it is known to connect elec-
trolytic capacitors in parallel with each of the LED groups.
The electrolytic capacitor is charged when current is fed
through the LED group. When the LED group is discon-
nected, the electrolytic capacitor discharges through the
LED group.

[0006] Documents US 2015/0327341 A1, EP 3703468
A1 and WO 2018/172980 A1 disclose known ways of
reducing flicker in LED lighting devices.
[0007] A problem associated with the afore-mentioned
LED lighting device is that despite of the electrolytic ca-
pacitors, disturbing flicker may still arise due to the cur-
rent variations in the LED groups. The flicker could be
reduced by increasing the capacitance of the electrolytic
capacitors, but this would result in an increased size,
which can be a problem in many applications.

OBJECTIVES OF THE INVENTION

[0008] It is the main objective of the present invention
to reduce or even eliminate the prior art problems pre-
sented above.
[0009] It is an objective of the present invention to pro-
vide a flicker reduction circuit. In more detail, it is an ob-
jective of the invention to provide a flicker reduction circuit
enabling to reduce flicker in a LED lighting device.
[0010] It is also an objective of the invention to provide
a LED lighting device that produces a minimal amount
of flicker.
[0011] The invention is defined by a flicker reduction
circuit as defined in each of independent claims 1 and 2.
Advantageous embodiments of the invention are de-
scribed in the dependent claims.

DESCRIPTION OF THE INVENTION

[0012] A flicker reduction circuit according to the inven-
tion comprises a current regulating element configured
to regulate a current fed to a series connection of at least
one LED, the current regulating element having an input
terminal, an output terminal and a control terminal, the
input terminal of the current regulating element being
connected to a first terminal of the flicker reduction circuit;
a diode and a capacitor connected in series, an anode
of the diode being connected to the first terminal of the
flicker reduction circuit and a negative terminal of the
capacitor being connected to a second terminal of the
flicker reduction circuit; a first resistor connected between
a positive terminal of the capacitor and the control termi-
nal of the current regulating element; a second resistor
connected between the control terminal of the current
regulating element and the second terminal of the flicker
reduction circuit; and a third resistor connected between
the output terminal of the current regulating element and
the second terminal of the flicker reduction circuit.
[0013] Another flicker reduction circuit according to the
invention comprises a current regulating element config-
ured to regulate a current fed to a series connection of
at least one LED, the current regulating element having
an input terminal, an output terminal and a control termi-
nal, the output terminal of the current regulating element
being connected to a second terminal of the flicker re-
duction circuit; a capacitor and a diode connected in se-
ries, a positive terminal of the capacitor being connected
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to a first terminal of the flicker reduction circuit and a
cathode of the diode being connected to the second ter-
minal of the flicker reduction circuit; a first resistor con-
nected between a negative terminal of the capacitor and
the control terminal of the current regulating element; a
second resistor connected between the first terminal of
the flicker reduction circuit and the control terminal of the
current regulating element; and a third resistor connected
between the first terminal of the flicker reduction circuit
and the input terminal of the current regulating element.
[0014] The flicker reduction circuit according to the in-
vention can be used in a LED lighting device that com-
prises a plurality of LED circuits that are switched on and
off according to a rectified AC input voltage by using
switching units. Each switching unit is connected to one
of the LED circuits and configured to switch the LED cir-
cuit on and off in a particular switching order as the rec-
tified AC input voltage changes. The LED circuits com-
prise unequal numbers of series-connected LEDs and
the LED circuits are connected in series with each other
in an order determined by the number of the series-con-
nected LEDs in the LED circuits. One or more of the LED
circuits can be provided with a flicker reduction circuit
according to the invention. The flicker reduction circuit is
a two-terminal circuit, having a first terminal and a second
terminal, that can be connected in series with the LEDs.
Each LED circuit may comprise a capacitor, preferably
an electrolytic capacitor, that is connected in parallel with
the series connection of the LEDs and the possible flicker
reduction circuit, and a blocking diode that is connected
in series with this parallel connection.
[0015] The purpose of the current regulating element
is to regulate the current that is fed to the LEDs in the
LED circuit. In the flicker reduction circuit, the current
flows through the current regulating element from the in-
put to the output and further through the third resistor that
functions as a current measurement resistor. The current
that flows through the current regulating element is con-
trolled by a voltage applied to the control terminal. When
the control-to-output voltage of the current regulating el-
ement exceeds a reference (threshold) voltage, the cur-
rent regulating element begins to conduct current and it
remains in a conducting state as long as the control-to-
output voltage is larger than the reference voltage. The
first and second resistors function as a voltage divider
wherein a node between the first and second resistors
is connected to the control terminal of the current regu-
lating element. The voltage across the first resistor is a
regulation margin. The voltage across the first resistor
must be high enough for proper regulation. The voltage
across the second resistor is the sum of the control-to-
output voltage of the current regulating element and the
current measurement voltage. The capacitor can store
the peak value of the voltage ripple of the capacitor that
is connected in parallel with the series connection of the
LEDs and the flicker reduction circuit, as well as the con-
trol margin and the current measurement voltage.
[0016] The flicker reduction circuit according to the in-

vention functions as follows. At the start-up, the supply
current passes through the diode and the first and second
resistors. The voltage across the capacitor increases un-
til the voltage at a node between the first and second
resistors reaches the reference voltage of the current reg-
ulating element. After that, the current starts to flow
through the current regulating element from the input to
the output and further through the third resistor, which
reduces the control-to-output voltage of the current reg-
ulating element. If the supply current is higher than that
of the current regulating element, the voltage across the
capacitor increases as a result of which also the current
that flows through the current regulating element increas-
es. When the voltage across the capacitor reaches a level
with sufficient control margin, the flicker reduction circuit
can keep the current that flows through the LEDs con-
stant. It follows that the voltage affecting over the system
is the ripple of the supply (electrolyte) capacitor plus the
control margin and the current measurement with losses.
[0017] An advantage of the flicker reduction circuit ac-
cording to the invention is that it enables to reduce flicker
in a LED lighting device to a very low level.
[0018] According to an embodiment of the invention
the current regulating element comprises one or more of
the following components: a bipolar junction transistor,
a field-effect transistor, an insulated-gate bipolar transis-
tor, or an adjustable voltage reference. The current reg-
ulating element can be, for example, an N-channel FET
or a P-channel FET wherein the drain is the input termi-
nal, the source is the output terminal, and the gate is the
control terminal. The current regulating element can also
be, for example, a Darlington pair using NPN BJTs
wherein the collector is the input terminal, the emitter is
the output terminal, and the base is the control terminal,
or a Darlington pair using PNP BJTs wherein the emitter
is the input terminal, the collector is the output terminal,
and the base is the control terminal.
[0019] The values of the components in the flicker re-
duction circuit can be chosen for each specific case. The
optimal values for the capacitor and the resistors depend,
for example, on the capacitance of the capacitor that is
connected in parallel with the series connection of the
LEDs and the flicker reduction circuit, the reference volt-
age of the current regulating element, and the desired
LED current. In an exemplary LED lighting device, the
capacitance of the capacitor that is connected in parallel
with the series connection of the LEDs and the flicker
reduction circuit is 40-60 mF, the reference voltage of the
current regulating element is 1-1.5 V, and the desired
LED current is 80-95 mA.
[0020] According to an embodiment of the invention
the capacitance of the capacitor is 1-10 mF. Preferably,
the capacitance of the capacitor is 3-6 mF.
[0021] According to an embodiment of the invention
the resistance of the first resistor is 10-1000 kΩ. Prefer-
ably, the resistance of the first resistor is 100-600 kΩ.
[0022] According to an embodiment of the invention
the resistance of the second resistor is 10-1000 kΩ. Pref-
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erably, the resistance of the second resistor is 100-600
kΩ.
[0023] According to an embodiment of the invention
the resistance of the third resistor is 1-500 Ω. Preferably,
the resistance of the third resistor is 10-100 Ω.
[0024] According to an embodiment of the invention
the flicker reduction circuit comprises a fourth resistor
connected between the input terminal and the output ter-
minal of the current regulating element. The fourth resis-
tor facilitates the operation of the flicker reduction circuit
during the start-up period and improves the heat balance
of the circuit.
[0025] According to an embodiment of the invention
the resistance of the fourth resistor is 100-5000 Ω. Pref-
erably, the resistance of the fourth resistor is 200-1000 Ω.
[0026] The present invention also relates to a LED
lighting device. The LED lighting device according to the
invention comprises a rectifying circuit configured to rec-
tify an AC input voltage, a plurality of LED circuits, each
LED circuit comprising a series connection of at least one
LED, a capacitor connected in parallel with said series
connection, and a blocking diode connected in series with
said parallel connection, the plurality of LED circuits hav-
ing unequal numbers of series-connected LEDs and be-
ing connected in series in an order determined by the
number of the series-connected LEDs in each LED cir-
cuit, wherein the LED circuit having the highest number
of series-connected LEDs is connected to a positive ter-
minal of the rectifying circuit, and a switching circuit for
each LED circuit, the switching circuits being configured
to control the flow of a current to the corresponding LED
circuit. In the LED lighting device according to the inven-
tion at least one of the plurality of LED circuits comprises
a flicker reduction circuit according to the invention con-
nected in series with the series-connected LEDs.
[0027] The LED lighting device according to the inven-
tion is an AC-driven lighting device that is based on a
LED driving technique, in which the LEDs of the lighting
device are divided into a plurality of groups and each
group is selectively switched on and off according to the
rectified AC input voltage. The AC voltage supplied to
the LED lighting device is rectified with the rectifying cir-
cuit that is a full-wave rectifier.
[0028] In the LED lighting device according to the in-
vention the LEDs are divided into a plurality of LED cir-
cuits, which are controlled by the switching circuits. Each
switching circuit is connected in parallel with the corre-
sponding LED circuit and configured to direct current ei-
ther through the LED circuit or through itself, depending
on a voltage at the positive terminal of the capacitor that
is connected in parallel with the series connection of the
LED(s) and the possible flicker reduction circuit. The op-
eration of the switching circuit can be based on using one
or two switching threshold voltages that define voltages
at which the switching circuit changes its state. If the
switching circuit is based on using one switching thresh-
old voltage, the operation is as follows. When the voltage
at the positive terminal of the capacitor is larger than the

switching threshold voltage specific to the switching cir-
cuit, current is directed through the LED circuit to the next
switching stage. When the voltage at the positive terminal
of the capacitor is smaller than the switching threshold
voltage specific to the switching circuit, current is directed
through the switching circuit to the next switching stage.
In this case the capacitor discharges through the series
connection of the LED(s) and the possible flicker reduc-
tion circuit. The blocking diode of the LED circuit prevents
the capacitor from discharging through the switching cir-
cuit. As the rectified AC input voltage changes, the LED
circuits are switched on and off in a particular switching
order. A higher voltage LED circuit has a priority com-
pared to a lower voltage LED circuit.
[0029] In the LED lighting device according to the in-
vention, the LED circuits are connected in series in an
order determined by the number of the LEDs in each LED
circuit. The first LED circuit has the highest and the last
LED circuit has the lowest number of LEDs. The LED
circuit having the highest number of LEDs is connected
to the positive terminal of the rectifying circuit. The LED
circuit having the lowest number of LEDs can be con-
nected to a current regulating circuit. Preferably, the first
LED circuit has twice the number of LEDs compared to
the second LED circuit; the second LED circuit has twice
the number of LEDs compared to the third LED circuit,
etc. Preferably, the last LED circuit comprises only one
LED. If a LED circuit comprises one series-connected
LED, it means that the LED circuit comprises one LED.
[0030] An advantage of the LED lighting device accord-
ing to the invention is that it produces a minimal amount
of flicker.
[0031] According to an embodiment of the invention
the LED circuit having the highest number of LEDs is
provided with the flicker reduction circuit.
[0032] According to an embodiment of the invention
the LED lighting device comprises a current regulating
circuit configured to regulate a current fed to the plurality
of LED circuits.
[0033] The exemplary embodiments of the invention
presented in this text are not interpreted to pose limita-
tions to the applicability of the appended claims. The verb
"to comprise" is used in this text as an open limitation
that does not exclude the existence of also unrecited fea-
tures.
[0034] The exemplary embodiments presented in this
text and their advantages relate by applicable parts to
the flicker reduction circuits as well as the LED lighting
device according to the invention, even though this is not
always separately mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Fig. 1 illustrates a circuit diagram of a LED light-
ing device according to an embodiment of
the invention,
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fig. 2 illustrates a LED circuit in a LED lighting
device according to an embodiment of the
invention,

figs. 3A-3B illustrate currents and voltages in the LED
circuit of fig. 2 during operation, and

figs. 4A-4E illustrate flicker reduction circuits accord-
ing to embodiments of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0036] Fig. 1 illustrates a circuit diagram of a LED light-
ing device according to an embodiment of the invention.
The LED lighting device is AC-driven, and it comprises
a full-wave rectifying circuit 101 that rectifies an AC volt-
age applied to its input terminals and outputs the rectified
AC voltage at its output terminals to four LED circuits
102, 103, 104 and 105 that are connected in series. The
current that is supplied to the LED circuits 102, 103, 104
and 105 is regulated with a current regulating circuit 106.
[0037] The LED circuit 102 comprises a series connec-
tion of a flicker reduction circuit 107 and eight LEDs 108,
and a capacitor 109 that is connected in parallel with this
series connection. The LED circuit 102 also comprises
a blocking diode 110. The anode of the blocking diode
110 is connected to a switching circuit 111 and the pos-
itive terminal of the rectifying circuit 101. The cathode of
the blocking diode 110 is connected to the switching cir-
cuit 111, the flicker reduction circuit 107 and the positive
terminal of the capacitor 109. The switching circuit 111
controls the flow of current through the LED circuit 102.
[0038] The LED circuit 103 comprises a series connec-
tion of a flicker reduction circuit 112 and four LEDs 113,
and a capacitor 114 that is connected in parallel with this
series connection. The LED circuit 103 also comprises
a blocking diode 115. The anode of the blocking diode
115 is connected to a switching circuit 116 and the LED
circuit 102. The cathode of the blocking diode 115 is con-
nected to the switching circuit 116, the flicker reduction
circuit 112 and the positive terminal of the capacitor 114.
The switching circuit 116 controls the flow of current
through the LED circuit 103.
[0039] The LED circuit 104 comprises a series connec-
tion of a flicker reduction circuit 117 and two LEDs 118,
and a capacitor 119 that is connected in parallel with this
series connection. The LED circuit 104 also comprises
a blocking diode 120. The anode of the blocking diode
120 is connected to a switching circuit 121 and the LED
circuit 103. The cathode of the blocking diode 120 is con-
nected to the switching circuit 121, the flicker reduction
circuit 117 and the positive terminal of the capacitor 119.
The switching circuit 121 controls the flow of current
through the LED circuit 104.
[0040] The LED circuit 105 comprises a series connec-
tion of a flicker reduction circuit 122 and a LED 123, and
a capacitor 124 that is connected in parallel with this se-
ries connection. The LED circuit 105 also comprises a

blocking diode 125. The anode of the blocking diode 125
is connected to a switching circuit 126 and the LED circuit
104. The cathode of the blocking diode 125 is connected
to the switching circuit 126, the flicker reduction circuit
122 and the positive terminal of the capacitor 124. The
switching circuit 126 controls the flow of current through
the LED circuit 105.
[0041] The switching circuits 111, 116, 121 and 126
switch the LED circuits 102, 103, 104 and 105 on and off
according to the voltage values at the positive terminals
of the capacitors 109, 114, 119 and 124. Each switching
circuit 111, 116, 121, 126 has specific first and second
switching threshold voltages to allow for proper LED cir-
cuit control. The voltage at the positive terminal of the
capacitor 109, 114, 119, 124 is compared to these thresh-
old voltages. The first switching threshold voltage deter-
mines when the switching circuit 111, 116, 121, 126 turns
off and allows current to charge the capacitor 109, 114,
119, 124 and to flow through the LED(s) 108, 113, 118,
123. The first switching threshold voltage is larger than
the sum of the threshold voltages of the LED(s) 108, 113,
118, 123 in the corresponding LED circuit 102, 103, 104,
105. The second switching threshold voltage determines
when the switching circuit 111, 116, 121, 126 turns on to
shunt the LED(s) 108, 113, 118, 123 and allow the ca-
pacitor 109, 114, 119, 124 to discharge through the
LED(s) 108, 113, 118, 123. The blocking diode 110, 115,
120, 125 prevents the capacitor 109, 114, 119, 124 from
discharging through the switching circuit 111, 116, 121,
126.
[0042] Fig. 2 illustrates a LED circuit in a LED lighting
device according to an embodiment of the invention. The
LED circuit 201 comprises a series connection of a flicker
reduction circuit 202 and a plurality of LEDs 203. The
flicker reduction circuit 202 comprises a current regulat-
ing element 204, a diode 205, a capacitor 206 and three
resistors 207, 208 and 209. An anode of the diode 205
and an input terminal of the current regulating element
204 are connected to a first terminal 210 of the flicker
reduction circuit 202. A cathode of the diode 205 is con-
nected to a positive terminal of the capacitor 206 and a
first terminal of the resistor 207. A control terminal of the
current regulating element 204 is connected to a second
terminal of the resistor 207 and a first terminal of the
resistor 208. An output terminal of the current regulating
element 204 is connected to a first terminal of the resistor
209. A negative terminal of the capacitor 206 and second
terminals of the resistors 208 and 209 are connected to
a second terminal 211 of the flicker reduction circuit 202.
The LED circuit 201 comprises a capacitor 212 that is
connected in parallel with the series connection of the
flicker reduction circuit 202 and the plurality of LEDs 203,
and a blocking diode 213 that is connected in series with
this parallel connection. A switch 214 is used to control
the flow of current through the LED circuit 201.
[0043] The operation of the LED circuit 201 is illustrat-
ed by current and voltage waveforms shown in figs. 3A-
3B. The first graph (A1) in fig. 3A presents the current
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that is supplied to the LED circuit 201. The waveform is
the result of opening and closing the switch 214. When
the switch 214 is open, the current is supplied to the LED
circuit 201, whereby the capacitor 212 charges and the
current flows through the LEDs 203. When the switch
214 is closed, the capacitor 212 discharges through the
LEDs 203. The blocking diode 213 prevents the capacitor
212 from discharging through the switch 214. The second
graph (A2) in fig. 3A presents the current that flows
through the LEDs 203. The third graph (V1) in fig. 3A
presents the voltage across the flicker reduction circuit
202. The fourth graph (V2) in fig. 3A presents the voltage
across the capacitor 206.
[0044] Fig. 3B shows the voltage (V3) across the ca-
pacitor 212 and the voltage (V4) across the series-con-
nected LEDs 203. As can be seen from fig. 3B, the voltage
of the capacitor 212 contains a substantial ripple com-
ponent. However, due to the flicker reduction circuit 202,
the voltage of the LEDs 203 does not contain ripple. As
a result, the flicker produced by the LEDs 203 is minimal.
[0045] Figs. 4A-4E illustrate flicker reduction circuits
according to embodiments of the invention. The flicker
reduction circuit of fig. 4A comprises an N-channel FET
401, a diode 402, a capacitor 403 and three resistors
404, 405 and 406. An anode of the diode 402 and a drain
of the N-channel FET 401 are connected to a first terminal
407 of the circuit. A cathode of the diode 402 is connected
to a positive terminal of the capacitor 403 and a first ter-
minal of the resistor 404. A gate of the N-channel FET
401 is connected to a second terminal of the resistor 404
and a first terminal of the resistor 405. A source of the
N-channel FET 401 is connected to a first terminal of the
resistor 406. A negative terminal of the capacitor 403 and
second terminals of the resistors 405 and 406 are con-
nected to a second terminal 408 of the circuit. The flicker
reduction circuit of fig. 4B differs from the one shown in
fig. 4A in that the N-channel FET has been replaced with
a Darlington pair using two NPN BJTs 409.
[0046] The flicker reduction circuit of fig. 4C comprises
a P-channel FET 410, a diode 402, a capacitor 403 and
three resistors 404, 405 and 406. A positive terminal of
the capacitor 403 and first terminals of the resistors 405
and 406 are connected to a first terminal 407 of the circuit.
A negative terminal of the capacitor 403 is connected to
an anode of the diode 402 and a first terminal of the re-
sistor 404. A drain of the P-channel FET 410 is connected
to a second terminal of the resistor 406, and a gate of
the P-channel FET 410 is connected to second term inals
of the resistors 404 and 405. A source of the P-channel
FET 410 and a cathode of the diode 402 are connected
to a second terminal 408 of the circuit. The flicker reduc-
tion circuit of fig. 4D differs from the one shown in fig. 4C
in that the P-channel FET has been replaced with a Dar-
lington pair using two PNP BJTs 411.
[0047] The flicker reduction circuit of fig. 4E differs from
the one shown in fig. 4A in that a resistor 412 has been
connected between the drain and the source of the N-
channel FET 401.

[0048] Only advantageous exemplary embodiments of
the invention are described in the figures. It is clear to a
person skilled in the art that the invention is not restricted
only to the examples presented above, but the invention
may vary within the limits of the claims presented here-
after. Some possible embodiments of the invention are
described in the dependent claims.

Claims

1. A flicker reduction circuit (107, 112, 117, 122, 202),
comprising:

- a current regulating element (204, 401, 409)
configured to regulate a current fed to a series
connection of at least one LED (108, 113, 118,
123, 203), the current regulating element (204,
401, 409) having an input terminal, an output
terminal and a control terminal,
- a diode (205, 402) and a capacitor (206, 403)
connected in series, an anode of the diode (205,
402) being connected to a first terminal (210,
407) of the flicker reduction circuit (107, 112,
117, 122, 202) and a negative terminal of the
capacitor (206, 403) being connected to a sec-
ond terminal (211, 408) of the flicker reduction
circuit (107, 112, 117, 122, 202),
- a first resistor (207, 404) connected between
a positive terminal of the capacitor (206, 403)
and the control terminal of the current regulating
element (204, 401, 409), and
- a second resistor (208, 405) connected be-
tween the control terminal of the current regu-
lating element (204, 401, 409) and the second
terminal (211, 408) of the flicker reduction circuit
(107, 112, 117, 122, 202),

characterised in that the input terminal of the cur-
rent regulating element (204, 401, 409) is directly
connected to the first terminal (210, 407) of the flicker
reduction circuit (107 112, 117, 122, 202) and that
the flicker reduction circuit (107, 112, 117, 122, 202)
further comprises a third resistor (209, 406) connect-
ed between the output terminal of the current regu-
lating element (204, 401, 409) and the second ter-
minal (211, 408) of the flicker reduction circuit (107,
112, 117, 122, 202).

2. A flicker reduction circuit (107, 112, 117, 122), com-
prising:

- a current regulating element (410, 411) config-
ured to regulate a current fed to a series con-
nection of at least one LED (108, 113, 118, 123),
the current regulating element (410, 411) having
an input terminal, an output terminal and a con-
trol terminal,
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- a capacitor (403) and a diode (402) connected
in series,
- a first resistor (404) connected between a neg-
ative terminal of the capacitor (403) and the con-
trol terminal of the current regulating element
(410, 411), and
- a second resistor (405) connected between a
first terminal (407) of the flicker reduction circuit
(107, 112, 117, 122) and the control terminal of
the current regulating element (410, 411),

characterised in that the output terminal of the cur-
rent regulating element (410, 411) is directly con-
nected to a second terminal (408) of the flicker re-
duction circuit (107 112, 117, 122), a positive termi-
nal of the capacitor (403) is directly connected to the
first terminal (407) of the flicker reduction circuit (107,
112, 117, 122) and a cathode of the diode (402) is
directly connected to the second terminal (408) of
the flicker reduction circuit (107, 112, 117, 122), and
that the flicker reduction circuit (107, 112, 117, 122)
further comprises a third resistor (406) connected
between the first terminal (407) of the flicker reduc-
tion circuit (107, 112, 117, 122) and the input terminal
of the current regulating element (410, 411).

3. The flicker reduction circuit (107, 112, 117, 122, 202)
according to claim 1 or 2, wherein the current regu-
lating element (204, 401, 409, 410, 411) comprises
one or more of the following components: a bipolar
junction transistor, a field-effect transistor, an insu-
lated-gate bipolar transistor, or an adjustable voltage
reference.

4. The flicker reduction circuit (107, 112, 117, 122, 202)
according to any of the preceding claims, wherein
the capacitance of the capacitor (206, 403) is 1-10
mF.

5. The flicker reduction circuit (107, 112, 117, 122, 202)
according to any of the preceding claims, wherein
the resistance of the first resistor (207, 404) is
10-1000 kΩ.

6. The flicker reduction circuit (107, 112, 117, 122, 202)
according to any of the preceding claims, wherein
the resistance of the second resistor (208, 405) is
10-1000 kΩ.

7. The flicker reduction circuit (107, 112, 117, 122, 202)
according to any of the preceding claims, wherein
the resistance of the third resistor (209, 406) is 1-500
Ω.

8. The flicker reduction circuit (107, 112, 117, 122, 202)
according to any of the preceding claims, wherein
the flicker reduction circuit (107, 112, 117, 122, 202)
further comprises a fourth resistor (412) connected

between the input terminal and the output terminal
of the current regulating element (401).

9. The flicker reduction circuit (107, 112, 117, 122, 202)
according to claim 8, wherein the resistance of the
fourth resistor (412) is 100-5000 Ω.

10. A LED lighting device, comprising:

- a rectifying circuit (101) configured to rectify an
AC input voltage,
- a plurality of LED circuits (102, 103, 104, 105),
each LED circuit (102, 103, 104, 105) compris-
ing a series connection of at least one LED (108,
113, 118, 123), a capacitor (109, 114, 119, 124)
connected in parallel with said series connec-
tion, and a blocking diode (110, 115, 120, 125)
connected in series with said parallel connec-
tion, the plurality of LED circuits (102, 103, 104,
105) having unequal numbers of series-con-
nected LEDs (108, 113, 118, 123) and being
connected in series in an order determined by
the number of the series-connected LEDs (108,
113, 118, 123) in each LED circuit (102, 103,
104, 105), wherein the LED circuit (102) having
the highest number of series-connected LEDs
(108) is connected to a positive terminal of the
rectifying circuit (101), and
- a switching circuit (111, 116, 121, 126) for each
LED circuit (102, 103, 104, 105), the switching
circuits (111, 116, 121, 126) being configured to
control the flow of a current to the corresponding
LED circuit (102, 103, 104, 105), wherein at least
one of the plurality of LED circuits (102, 103,
104, 105) comprises a flicker reduction circuit
(107, 112, 117, 122, 202) according to any of
the preceding claims connected in series with
the series-connected LEDs (108, 113, 118,
123).

11. The LED lighting device according to claim 10,
wherein the LED circuit (102) having the highest
number of the LEDs (108) is provided with the flicker
reduction circuit (107).

12. The LED lighting device according to claim 10 or 11,
wherein the LED lighting device comprises a current
regulating circuit (106) configured to regulate a cur-
rent fed to the plurality of LED circuits (102, 103, 104,
105).

Patentansprüche

1. Flimmerreduzierungsschaltung (107, 112, 117, 122,
202), umfassend:

- ein Stromregelelement (204, 401, 409), das
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dazu konfiguriert ist, einen Strom zu regeln, der
einer Reihenschaltung von mindestens einer
LED (108, 113, 118, 123, 203) zugeführt wird,
wobei das Stromregelelement (204, 401, 409)
einen Eingangsanschluss, einen Ausgangsan-
schluss und einen Steueranschluss aufweist,
- eine Diode (205, 402) und ein Kondensator
(206, 403), die in Reihe geschaltet sind, wobei
eine Anode der Diode (205, 402) mit einem ers-
ten Anschluss (210, 407) der Flimmerreduzie-
rungsschaltung (107, 112, 117, 122, 202) ver-
bunden ist und ein negativer Anschluss des
Kondensators (206, 403) mit einem zweiten An-
schluss (211, 408) der Flimmerreduzierungs-
schaltung (107, 112, 117, 122, 202) verbunden
ist,

- einen ersten Widerstand (207, 404), der
zwischen einem positiven Anschluss des
Kondensators (206, 403) und dem Steuer-
anschluss des Stromregelelements (204,
401, 409) angeschlossen ist, und
- einen zweiten Widerstand (208, 405), der
zwischen dem Steueranschluss des Strom-
regelelements (204, 401, 409) und dem
zweiten Anschluss (211, 408) der Flimmer-
reduzierungsschaltung (107, 112, 117, 122,
202) angeschlossen ist,

dadurch gekennzeichnet, dass der Eingangs-
anschluss des Stromregelelements (204, 401,
409) direkt mit dem ersten Anschluss (210, 407)
der Flimmerreduzierungsschaltung (107, 112,
117, 122, 202) verbunden ist, und dass die Flim-
merreduzierungsschaltung (107, 112, 117, 122,
202) ferner einen dritten Widerstand (209, 406)
umfasst, der zwischen dem Ausgangsan-
schluss des Stromregelelements (204, 401,
409) und dem zweiten Anschluss (211, 408) der
Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) angeschlossen ist.

2. . Flimmerreduzierungsschaltung (107, 112, 117,
122), umfassend:

- ein Stromregelelement (410, 411), das dazu
konfiguriert ist, einen Strom zu regeln, der einer
Reihenschaltung von mindestens einer LED
(108, 113, 118, 123) zugeführt wird, wobei das
Stromregelelement (410, 411) einen Eingangs-
anschluss, einen Ausgangsanschluss und ei-
nen Steueranschluss aufweist,
- einen Kondensator (403) und eine Diode (402),
die in Reihe geschaltet sind,
- einen ersten Widerstand (404), der zwischen
einem Minuspol des Kondensators (403) und
dem Steueranschluss des Stromregelelements
(410, 411) geschaltet ist, und

- einen zweiten Widerstand (405), der zwischen
einem ersten Anschluss (407) der Flimmerredu-
zierungsschaltung (107, 112, 117, 122) und
dem Steueranschluss des Stromregelelements
(410, 411) geschaltet ist,

dadurch gekennzeichnet, dass der Ausgangsan-
schluss des Stromregelelements (410, 411) direkt
mit einem zweiten Anschluss (408) der Flimmerre-
duzierungsschaltung (107, 112, 117, 122) verbun-
den ist, ein positiver Anschluss des Kondensators
(403) direkt mit dem ersten Anschluss (407) der Flim-
merreduzierungsschaltung (107, 112, 117, 122) ver-
bunden ist und eine Kathode der Diode (402) direkt
mit dem zweiten Anschluss (408) der Flimmerredu-
zierungsschaltung (107, 112, 117, 122) verbunden
ist, und dass die Flimmerreduzierungsschaltung
(107, 112, 117, 122) ferner einen dritten Widerstand
(406) umfasst, der zwischen dem ersten Anschluss
(407) der Flimmerreduzierungsschaltung (107, 112,
117, 122) und dem Eingangsanschluss des Strom-
regelelements (410, 411) verbunden ist.

3. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß Anspruch 1 oder 2, wobei das
Stromregelelement (204, 401, 409, 410, 411) eine
oder mehrere der folgenden Komponenten umfasst:
einen bipolaren Sperrschichttransistor, einen Feld-
effekttransistor, einen bipolaren Isolierschichttran-
sistor oder eine einstellbare Spannungsreferenz.

4. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß einem der vorhergehenden An-
sprüche, wobei die Kapazität des Kondensators
(206, 403) 1 bis 10 mF beträgt.

5. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß einem der vorhergehenden An-
sprüche, wobei der Widerstandswert des ersten Wi-
derstands (207, 404) 10 bis 1000 kΩ beträgt.

6. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß einem der vorhergehenden An-
sprüche, wobei der Widerstandswert des zweiten
Widerstands (208, 405) 10 bis 1000 kΩ beträgt.

7. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß einem der vorhergehenden An-
sprüche, wobei der Widerstandswert des dritten Wi-
derstands (209, 406) 1 bis 500 Ω beträgt.

8. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß einem der vorhergehenden An-
sprüche, wobei die Flimmerreduzierungsschaltung
(107, 112, 117, 122, 202) ferner einen vierten Wi-
derstand (412) umfasst, der zwischen dem Ein-
gangsanschluss und dem Ausgangsanschluss des
Stromregelelements (401) angeschlossen ist.
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9. . Flimmerreduzierungsschaltung (107, 112, 117,
122, 202) gemäß Anspruch 8, wobei der Wider-
standswert des vierten Widerstands (412) 100-5000
Ω beträgt.

10. . LED-Beleuchtungsvorrichtung, umfassend:

- eine Gleichrichterschaltung (101), die dazu
konfiguriert ist, eine Wechselstrom-Eingangs-
spannung gleichzurichten,
- eine Vielzahl von LED-Schaltungen (102, 103,
104, 105), wobei jede LED-Schaltung (102, 103,
104, 105) eine Reihenschaltung von mindes-
tens einer LED (108, 113, 118, 123), einen pa-
rallel zu der Reihenschaltung geschalteten Kon-
densator (109, 114, 119, 124) und eine in Reihe
zu der Parallelschaltung geschaltete Sperrdio-
de (110, 115, 120, 125) umfasst, wobei die Viel-
zahl von LED-Schaltungen (102, 103, 104, 105)
eine ungleiche Anzahl von in Reihe geschalte-
ten LEDs (108, 113, 118, 123) aufweist und in
einer Reihenfolge in Reihe geschaltet ist, die
durch die Anzahl der in Reihe geschalteten
LEDs (108, 113, 118, 123) in jeder LED-Schal-
tung (102, 103, 104, 105) bestimmt wird, wobei
die LED-Schaltung (102) mit der höchsten An-
zahl in Reihe geschalteter LEDs (108) an einen
Pluspol der Gleichrichterschaltung (101) ange-
schlossen ist, und
- einen Schaltkreis (111, 116, 121, 126) für jede
LED-Schaltung (102, 103, 104, 105), wobei die
Schaltkreise (111, 116, 121, 126) so konfiguriert
sind, dass sie den Stromfluss zur entsprechen-
den LED-Schaltung (102, 103, 104, 105) steu-
ern,

wobei mindestens einer der Vielzahl von LED-
Schaltkreisen (102, 103, 104, 105) einen Flimmer-
reduzierungsschaltkreis (107, 112, 117, 122, 202)
gemäß einem der vorhergehenden Ansprüche um-
fasst, der in Reihe mit den in Reihe geschalteten
LEDs (108, 113, 118, 123) geschaltet ist.

11. . LED-Beleuchtungsvorrichtung nach Anspruch 10,
wobei die LED-Schaltung (102) mit der höchsten An-
zahl an LEDs (108) mit der Flimmerreduzierungs-
schaltung (107) versehen ist.

12. . LED-Beleuchtungsvorrichtung nach Anspruch 10
oder 11, wobei die LED-Beleuchtungsvorrichtung ei-
ne Stromregelschaltung (106) umfasst, die dazu
konfiguriert ist, einen der Vielzahl von LED-Schal-
tungen (102, 103, 104, 105) zugeführten Strom zu
regeln.

Revendications

1. Circuit de réduction de scintillement (107, 112, 117,
122, 202), comprenant :

- un élément de régulation de courant (204,
401,409) configuré pour réguler un courant four-
ni à une connexion en série d’au moins une LED
(108, 113, 118, 123, 203), l’élément de régula-
tion de courant (204, 401,409) ayant une borne
d’entrée, une borne de sortie et une borne de
commande,
- une diode (205, 402) et un condensateur (206,
403) connectés en série, une anode de la diode
(205, 402) étant connectée à une première bor-
ne (210, 407) du circuit de réduction de scintille-
ment (107, 112, 117, 122, 202) et une borne
négative du condensateur (206, 403) étant con-
nectée à une seconde borne (211, 408) du cir-
cuit de réduction de scintillement (107, 112, 117,
122, 202),
- une première résistance (207, 404) connectée
entre une borne positive du condensateur (206,
403) et la borne de commande de l’élément de
régulation de courant (204, 401, 409), et
- une deuxième résistance (208, 405) connectée
entre la borne de commande de l’élément de
régulation de courant (204, 401, 409) et la se-
conde borne (211, 408) du circuit de réduction
de scintillement (107, 112, 117, 122, 202), ca-
ractérisé en ce que la borne d’entrée de l’élé-
ment de régulation de courant (204, 401, 409)
est directement connectée à la première borne
(210, 407) du circuit de réduction de scintille-
ment (107, 112, 117, 122, 202) et que le circuit
de réduction de scintillement (107, 112, 117,
122, 202) comprend en outre une troisième ré-
sistance (209, 406) connectée entre la borne de
sortie de l’élément de régulation de courant
(204, 401, 409) et la seconde borne (211, 408)
du circuit de réduction de scintillement (107,
112, 117, 122, 202).

2. Circuit de réduction de scintillement (107, 112, 117,
122), comprenant :

- un élément de régulation de courant (410, 411)
configuré pour réguler un courant fourni à une
connexion en série d’au moins une LED (108,
113, 118, 123), l’élément de régulation de cou-
rant (410, 411) ayant une borne d’entrée, une
borne de sortie et une borne de commande,
- un condensateur (403) et une diode (402) con-
nectés en série,
- une première résistance (404) connectée entre
une borne négative du condensateur (403) et la
borne de commande de l’élément de régulation
de courant (410, 411), et
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- une deuxième résistance (405) connectée en-
tre une première borne (407) du circuit de ré-
duction de scintillement (107, 112, 117, 122) et
la borne de commande de l’élément de régula-
tion de courant (410, 411), caractérisé en ce
que la borne de sortie de l’élément de régulation
de courant (410, 411) est directement connec-
tée à une seconde borne (408) du circuit de ré-
duction de scintillement (107, 117, 122), une
borne positive du condensateur (403) est direc-
tement connectée à la première borne (407) du
circuit de réduction de scintillement (107, 112,
117, 122) et une cathode de la diode (402) est
directement connectée à la seconde borne
(408) du circuit de réduction de scintillement
(107, 112, 117, 122), et que le circuit de réduc-
tion de scintillement (107, 112, 117, 122) com-
prend en outre une troisième résistance (406)
connectée entre la première borne (407) du cir-
cuit de réduction de scintillement (107, 112, 117,
122) et la borne d’entrée de l’élément de régu-
lation de courant (410, 411).

3. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon la revendication 1 ou 2,
dans lequel
l’élément de régulation de courant (204, 401, 409,
410, 411) comprend un ou plusieurs des compo-
sants suivants : un transistor bipolaire à jonction, un
transistor à effet de champ, un transistor bipolaire à
grille isolée ou une référence de tension réglable.

4. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon l’une quelconque des revendications
précédentes, dans lequel
la capacité du condensateur (206, 403) est de 1 à
10 mF.

5. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon l’une quelconque des revendications
précédentes, dans lequel
la résistance de la première résistance (207, 404)
est de 10 à 1 000 kΩ.

6. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon l’une quelconque des revendications
précédentes, dans lequel
la résistance de la deuxième résistance (208, 405)
est de 10 à 1 000 kQ.

7. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon l’une quelconque des revendications
précédentes, dans lequel
la résistance de la troisième résistance (209, 406)
est de 1 à 500 Ω.

8. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon l’une quelconque des revendications

précédentes, dans lequel
le circuit de réduction de scintillement (107, 112, 117,
122, 202) comprend en outre une quatrième résis-
tance (412) connectée entre la borne d’entrée et la
borne de sortie de l’élément de régulation de courant
(401).

9. Circuit de réduction de scintillement (107, 112, 117,
122, 202) selon la revendication 8, dans lequel la
résistance de la quatrième résistance (412) est de
100 à 5000 Ω.

10. Dispositif d’éclairage LED, comprenant :

- un circuit redresseur (101) configuré pour re-
dresser une tension d’entrée en courant alter-
natif,
- une pluralité de circuits LED (102, 103, 104,
105), chaque circuit LED (102, 103, 104, 105)
comprenant une connexion en série d’au moins
une LED (108, 113, 118, 123), un condensateur
(109 , 114, 119, 124) connectés en parallèle
avec ladite connexion en série, et une diode de
blocage (110, 115, 120, 125) connectée en série
avec ladite connexion en parallèle, la pluralité
de circuits LED (102, 103, 104, 105) ayant un
nombre inégal de LED connectées en série
(108, 113, 118, 123) et étant connectées en sé-
rie dans un ordre déterminé par le nombre de
LED connectées en série (108, 113, 118, 123)
dans chaque circuit de LED (102 , 103, 104,
105), dans lequel le circuit LED (102) ayant le
plus grand nombre de LED connectées en série
(108) est connecté à une borne positive du cir-
cuit redresseur (101), et
- un circuit de commutation (111, 116, 121, 126)
pour chaque circuit LED (102, 103, 104, 105),
les circuits de commutation (111, 116, 121, 126)
étant configurés pour contrôler le flux d’un cou-
rant vers le circuit LED correspondant (102, 103,
104, 105), dans lequel au moins une pluralité
des circuits LED (102, 103, 104, 105) comprend
un circuit de réduction de scintillement (107,
112, 117, 122, 202) selon l’une quelconque des
revendications précédentes, connecté en série
avec les LED connectées en série (108, 113,
118, 123).

11. Dispositif d’éclairage LED selon la revendication 10,
dans lequel le circuit LED (102) ayant le plus grand
nombre de LED (108) est pourvu du circuit de réduc-
tion de scintillement (107).

12. Dispositif d’éclairage LED selon la revendication 10
ou 11, dans lequel
le dispositif d’éclairage LED comprend un circuit de
régulation de courant (106) configuré pour réguler
un courant fourni à la pluralité de circuits LED (102,
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103, 104, 105).
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