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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.
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[0006] 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

[0007] Itis the main objective of the present invention
to reduce or even eliminate the prior art problems pre-
sented above.

[0008] Itis an objective of the presentinvention 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.
[0009] Itis also an objective of the invention to provide
a LED lighting device that produces a minimal amount
of flicker.

[0010] In order to realise the above-mentioned objec-
tives, the flicker reduction circuits according to the inven-
tion are characterised by what is presented in the char-
acterising portions of the appended independent claims.
Advantageous embodiments of the invention are de-
scribed in the dependent claims.

DESCRIPTION OF THE INVENTION

[0011] Aflickerreduction 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 afirst 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.

[0012] Anotherflicker reduction circuitaccording 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
to a first terminal of the flicker reduction circuit and a
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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
currentregulating element; and a third resistor connected
between the first terminal of the flicker reduction circuit
and the input terminal of the current regulating element.
[0013] 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
atwo-terminal circuit, having afirstterminal and a second
terminal, that can be connected in series with the LEDs.
Each LED circuit may comprise a capacitor, preferably
an electrolytic capacitor, thatis 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.

[0014] 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 measurementresistor. 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.
[0015] The flicker reduction circuit according to the in-
vention functions as follows. At the start-up, the supply

10

15

20

25

30

35

40

45

50

55

current passes through the diode and the firstand second
resistors. The voltage across the capacitorincreases un-
til the voltage at a node between the first and second
resistors reaches the reference voltage of the currentreg-
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
thatflows through the currentregulating elementincreas-
es. When the voltage across the capacitorreaches alevel
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.
[0016] 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.

[0017] 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.

[0018] 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 wF, the reference voltage of the
current regulating element is 1-1.5 V, and the desired
LED current is 80-95 mA.

[0019] According to an embodiment of the invention
the capacitance of the capacitor is 1-10 wF. Preferably,
the capacitance of the capacitor is 3-6 pF.

[0020] According to an embodiment of the invention
the resistance of the first resistor is 10-1000 kQ. Prefer-
ably, the resistance of the first resistor is 100-600 k<.
[0021] According to an embodiment of the invention
the resistance of the second resistor is 10-1000 kQ. Pref-
erably, the resistance of the second resistor is 100-600



5 EP 4 072 248 A1 6

kQ.

[0022] According to an embodiment of the invention
the resistance of the third resistor is 1-500 Q. Preferably,
the resistance of the third resistor is 10-100 Q.

[0023] 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.

[0024] According to an embodiment of the invention
the resistance of the fourth resistor is 100-5000 Q. Pref-
erably, theresistance of the fourth resistoris 200-1000 Q.
[0025] 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 atleastone
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, 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 invention at least one of
the plurality of LED circuits comprises a flicker reduction
circuit according to the invention connected in series with
the LEDs.

[0026] 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.

[0027] 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, currentis directed through the LED circuit to the next
switching stage. When the voltage at the positive terminal
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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.

[0028] 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.
[0029] Anadvantage ofthe LED lighting device accord-
ing to the invention is that it produces a minimal amount
of flicker.

[0030] According to an embodiment of the invention
the LED circuit having the highest number of LEDs is
provided with the flicker reduction circuit.

[0031] According to an embodiment of the invention
the LED lighting device comprises a current regulating
circuit configured to regulate the current fed to the plu-
rality of LED circuits.

[0032] 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. The features recited in the dependent claims are
mutually freely combinable unless otherwise explicitly
stated.

[0033] 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
[0034]

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

[0035] Fig. 1illustrates 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.
[0036] 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.
[0037] 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.

[0038] TheLED 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.

[0039] TheLED 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
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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.

[0040] 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.

[0041] 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 aflicker
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
term inal 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.

[0042] 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 fromdischarging 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.

[0043] 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
aresult, the flicker produced by the LEDs 203 is minimal.
[0044] 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
ofthe N-channel FET 401 are connected to afirstterminal
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. 4Ain that the N-channel FET has been replaced with
a Darlington pair using two NPN BJTs 409.

[0045] 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-
sistor404. 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 terminals
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.

[0046] Theflickerreduction circuit offig. 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.

10

20

25

30

35

40

45

50

55

[0047] 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, and they are not to
be considered to restrict the scope of protection of the
invention as such.

Claims

1. Aflicker reduction circuit, characterised in that the
flicker reduction circuit comprises:

- a current regulating element configured to reg-
ulate 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 cur-
rent regulating element being connected to a
first term inal 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 con-
nected to a second terminal of the flicker reduc-
tion circuit,

- a first resistor connected between a positive
terminal of the capacitor and the control terminal
of the current regulating element,

- a second resistor connected between the con-
trol 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 cir-
cuit.

2. Aflicker reduction circuit, characterised in that the
flicker reduction circuit comprises:

- a current regulating element configured to reg-
ulate 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 output terminal of the cur-
rent regulating element being connected to a
second terminal of the flicker reduction circuit,
- a capacitor and a diode connected in series, a
positive terminal of the capacitor being connect-
ed to afirstterminal of the flicker reduction circuit
and a cathode of the diode being connected to
the second terminal of the flicker reduction cir-
cuit,

- a first resistor connected between a negative
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terminal of the capacitor and the control terminal
of the current regulating element,

- a second resistor connected between the first
term inal of the flicker reduction circuit and the
control terminal of the current regulating ele-
ment, and

- a third resistor connected between the first ter-
minal of the flicker reduction circuit and the input
terminal of the current regulating element.

3. The flicker reduction circuit according to claim 1 or
2, characterised in that the current regulating ele-
ment comprises one or more of the following com-
ponents: a bipolar junction transistor, a field-effect
transistor, an insulated-gate bipolar transistor, or an
adjustable voltage reference.

4. The flicker reduction circuit according to any of the
preceding claims, characterised in that the capac-
itance of the capacitor is 1-10 pwF.

5. The flicker reduction circuit according to any of the
preceding claims, characterised in that the resist-
ance of the first resistor is 10-1000 kQ.

6. The flicker reduction circuit according to any of the
preceding claims, characterised in that the resist-
ance of the second resistor is 10-1000 kQ.

7. The flicker reduction circuit according to any of the
preceding claims, characterised in that the resist-
ance of the third resistor is 1-500 Q.

8. The flicker reduction circuit according to any of the
preceding claims, characterised in that the flicker
reduction circuit comprises a fourth resistor connect-
ed between the input terminal and the outputterminal
of the current regulating element.

9. The flicker reduction circuit according to claim 8,
characterised in that the resistance of the fourth
resistor is 100-5000 Q.

10. A LED lighting device, comprising:

- a rectifying circuit configured to rectify 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 con-
nected in series with said parallel connection,
the plurality of LED circuits having unequal num-
bers of series-connected LEDs and being con-
nected in series in an order determined by the
number of the series-connected LEDs in each
LED circuit, and

- a switching circuit for each LED circuit, the
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1.

12.

switching circuits being configured to control the
flow of a current to the corresponding LED cir-
cuit,

characterised in that at least one of the plurality of
LED circuits comprises a flicker reduction circuit ac-
cording to any of the preceding claims connected in
series with the LEDs.

The LED lighting device according to claim 10, char-
acterised in that the LED circuit having the highest
number of the LEDs is provided with the flicker re-
duction circuit.

The LED lighting device according to claim 10 or 11,
characterised in that the LED lighting device com-
prises a current regulating circuit configured to reg-
ulate the current fed to the plurality of LED circuits.
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