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LED LIGHTING DEVICE

The present invention relates to a LED lighting

device that comprises a rectifying circuit (101) configured
to rectify an AC input voltage, at least three LED circuits
(102, 103, 104, 105), a switching circuit (106, 107, 108,
109) for each LED circuit (102, 103, 104, 105), a constant
current regulating circuit (110) configured to regulate the
current fed to the LED circuits (102, 103, 104, 105), and
acompensating circuit (115) connected to the LED circuit

(102) having the lowest number of LEDs or to the LED
circuit having the second lowest number of LEDs and
configured to feed current to said LED circuit (102) when
the voltage at a node between the constant current reg-
ulating circuit (110) and the LED circuit (102) having the
lowest number of LEDs is smaller than a compensating
threshold voltage.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates to a LED lighting
device according to the preamble of the appended inde-
pendent claim.

BACKGROUND OF THE INVENTION

[0002] Many lighting devices that involve series-con-
nected LEDs (Light Emitting Diodes) are known in the
prior art. These lighting devices use different techniques
to drive the series-connected LEDs. One known tech-
nique 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.

[0003] Inone known lighting device utilising the above-
mentioned driving technique, one switching unit is con-
nected to each LED group and the switching units are
configured to switch the LED groups on and off in a par-
ticular switching order as the rectified AC input voltage
changes. Each switching unit steers electrical current
through or away from the corresponding LED group in-
dependently of the other switching units. The number of
LEDs in the LED groups is such that the second LED
group has twice the number of LEDs compared to the
first LED group; the third LED group has twice the number
of LEDs compared to the second LED group, etc.
[0004] Inthe known lighting device, the LEDs are cho-
sen in such a manner that the sum of the threshold volt-
ages of the LEDs is smaller than the peak value of the
rectified AC input voltage, whereby all the LEDs can be
switched on simultaneously at a certain time interval of
the voltage cycle. Since the peak voltage of the AC mains
typically varies with time, resulting thus variations in the
peak value of the rectified AC input voltage, the LEDs
are normally optimised using a voltage value thatis small-
er than the nominal peak voltage. This, however, results
in power dissipation in the lighting device when the peak
value of the rectified AC input voltage is higher than the
nominal peak voltage. If the LEDs were optimised using
a voltage value that is larger than the nominal peak volt-
age, this would result in another problem, namely to
brightness variations due to shorter times the LED groups
having the lowest number of LEDs are on. In fact, in this
case when the peak value of the rectified AC input voltage
is lower than the nominal peak voltage, all the LEDs could
not be selected to be on simultaneously during the volt-
age cycle. The disadvantages of the known lighting de-
vice are thus power dissipation and brightness variations
between which a compromise must be made.

OBJECTIVES OF THE INVENTION

[0005] It is the main objective of the present invention
to reduce or even eliminate prior art problems presented
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above.

[0006] Itis an objective of the presentinvention to pro-
vide an offline LED lighting device with improved energy
efficiency. It is also an objective of the invention to min-
imise both brightness differences and power dissipation
in a LED lighting device.

[0007] Itis a further objective of the present invention
to provide a LED lighting device enabling to maintain con-
stant brightness with minimal power dissipation, even
when the peak voltage of the AC voltage supplied to the
LED lighting device varies from its nominal value.
[0008] In order to realise the above-mentioned objec-
tives, the LED lighting device according to the invention
is characterised by what is presented in the characteris-
ing part of the appended independent claim. Advanta-
geous embodiments of the invention are described in the
dependent claims.

DESCRIPTION OF THE INVENTION

[0009] A typical LED lighting device according to the
invention comprises:

- a rectifying circuit configured to rectify an AC input
voltage,

- atleastthree LED circuits, each LED circuit compris-
ing a series connection of at least one LED, a ca-
pacitor connected in parallel with said series con-
nection, and a blocking diode connected in series
with said parallel connection, the at least three LED
circuits having unequal numbers of series-connect-
ed LEDs and being connected in series in an order
determined by the number of the series-connected
LEDs in each LED circuit,

- aswitching circuit for each LED circuit, the switching
circuits being configured to control the flow of current
to the corresponding LED circuit,

- a constant current regulating circuit configured to
regulate the current fed to the LED circuits, and

- a first compensating circuit connected to the LED
circuit having the lowest number of LEDs or to the
LED circuit having the second lowest number of
LEDs and configured to feed current to said LED
circuit when the voltage at a node between the con-
stant current regulating circuit and the LED circuit
having the lowest number of LEDs is smaller than a
first compensating threshold voltage.

[0010] 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
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the LED lighting device is rectified with the rectifying cir-
cuit that is a full-wave rectifier.

[0011] In the LED lighting device according to the in-
vention the LEDs are divided into the at least three LED
circuits, which are controlled by the switching circuits.
Each switching circuit is connected in parallel with the
corresponding LED circuit and configured to direct cur-
rent either through the LED circuit or through itself, de-
pending on a voltage at the anode of the at least one
series-connected LED. By the anode of the at least one
series-connected LED is meantthe anode of the first LED
in the series connection of the at least one LED. The
operation of a switching circuit can be based on using
one or two switching threshold voltages that define volt-
ages at which the switching circuit changes its state. If
the switching circuit is based on using one switching
threshold voltage, the operation is as follows. When the
voltage at the anode of the at least one series-connected
LED is larger than a switching threshold voltage specific
to the switching circuit, current is directed through the
forward-connected blocking diode and the parallel con-
nection of the capacitor and the at least one series-con-
nected LED to the next switching stage. When the voltage
at the anode of the at least one series-connected LED 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 at least one series-
connected LED. The blocking diode prevents the capac-
itor from discharging through the switching circuit. As the
rectified AC input voltage changes, the LED circuits are
switched on and off in a particular switching order.
[0012] 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 series-connected
LEDs in each LED circuit. The first LED circuit has the
lowest and the last LED circuit has the highest number
of series-connected LEDs. The LED circuit having the
highest number of series-connected LEDs is connected
to the positive terminal of the rectifying circuit. The LED
circuit having the lowest number of LEDs is connected
to a regulating transistor of the constant current regulat-
ing circuit. Preferably, the second LED circuit has twice
the number of LEDs compared to the first LED circuit;
the third LED circuit has twice the number of LEDs com-
pared to the second LED circuit, etc. If a LED circuit com-
prises one series-connected LED, it means that the LED
circuit comprises one LED.

[0013] IthasnowbeenfoundthataLED lightingdevice
that is both energy efficient and is able to maintain con-
stant brightness can be achieved by providing the LED
lighting device with the first compensating circuit that is
connected to the LED circuit having the lowest number
of LEDs or to the LED circuit having the second lowest
number of LEDs and is configured to feed current to said
LED circuit when the voltage at a node between the con-
stant current regulating circuit and the LED circuit having
the lowest number of LEDs is smaller than the first com-
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pensating threshold voltage. A purpose of the first com-
pensating circuit is to feed current to the LED circuitwhen
the rectified AC input voltage is too low to keep the LED
circuit switched on for a needed time during the voltage
cycle. The information when the current should be fed to
the LED circuit is obtained by monitoring the voltage at
the node between the constant current regulating circuit
and the LED having the lowest number of LEDs. The
voltage at this node is indicative of the peak value of the
rectified AC input voltage. Preferably, the node at which
the voltage is monitored situates between a regulating
transistor of the constant current regulating circuit and
the LED circuit. The cathode of the at least one series-
connected LED is connected to the regulating transistor.
By the cathode of the at least one series-connected LED
is meant the cathode of the last LED in the series con-
nection of the at least one LED.

[0014] Because of the compensating circuit, the LEDs
of the lighting device can be optimised for a higher voltage
compared to the lighting device of the prior art. This im-
proves energy efficiency, because the power dissipation
is minimal also in a situation where the peak value of the
rectified AC input voltage is above its nominal value. Also
the brightness variations are minimal, because the com-
pensating circuit minimises the brightness differences
between the LED circuits.

[0015] According to an embodiment of the invention
the first compensating circuit is connected to the LED
circuit having the lowest number of LEDs, and the LED
lighting device comprises a second compensating circuit
connected to the LED circuit having the second lowest
number of LEDs and configured to feed current to said
LED circuit when the voltage at a node between the con-
stant current regulating circuit and the LED circuit having
the lowest number of LEDs is smaller than a second com-
pensating threshold voltage.

[0016] According to an embodiment of the invention
the first compensating threshold voltage is larger than
the second compensating threshold voltage.

[0017] According to an embodiment of the invention
the compensating circuit comprises a current generating
circuit configured to generate current for the LED circuit,
avoltage monitoring circuit configured to monitor the volt-
age at the node between the constant current regulating
circuit and the LED circuit having the lowest number of
LEDs, and a controlling circuit configured, based on the
monitored voltage value, to control the flow of current
from the current generating circuit to the LED circuit. The
circuits can be implemented using discrete components
or integrated circuits, or their combinations.

[0018] According to an embodiment of the invention
the current generating circuit comprises a series connec-
tion of a capacitor and a resistor, said series connection
being connected to the anode of the at least one series-
connected LED via a transistor of the controlling circuit.
[0019] According to an embodiment of the invention
the compensating circuit comprises a current adjusting
circuit configured, during the time when the compensat-
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ing circuit feeds current to the LED circuit, to increase
the current provided by the constant current regulating
circuit. When the compensating circuit feeds current to
the LED circuit having the lowest number of LEDs, the
current that flows through the other LED circuits is slightly
decreased. This is compensated by increasing the cur-
rent provided by the constant current regulating circuit.
[0020] According to an embodiment of the invention
the LED circuits are connected between the positive ter-
minal of the rectifying circuit and the drain of the regulat-
ing transistor of the constant current regulating circuit.
[0021] According to an embodiment of the invention
the switching circuits are configured to direct current
through the corresponding LED circuit when the voltage
at the anode of the at least one series-connected LED
exceeds a first switching threshold voltage specific to
each switching circuit, and configured to shuntthe current
away from the corresponding LED circuit when the volt-
age at the anode of the at least one series-connected
LED falls below a second switching threshold voltage
specific to each switching circuit.

[0022] Each switching circuit has specific firstand sec-
ond switching threshold voltages to allow for proper LED
circuit control. The voltage at the anode of the at least
one series-connected LED is compared to these thresh-
olds. The first switching threshold voltage determines
when the switching transistor turns off and allows current
to charge the capacitor and to flow through the at least
one series-connected LED. The first switching threshold
voltage should be larger than the sum of the threshold
voltages of the at least one series-connected LED in the
corresponding LED circuit. Typically, the first switching
threshold voltage is set 6-10 V (for 120 VAC application)
or 8-12 V (for 230 VAC application) larger than the sum
of the threshold voltages of the at least one series-con-
nected LED. The second switching threshold voltage de-
termines when the switching transistor turns on to shunt
the at least one series-connected LED and allow the ca-
pacitor to discharge through the at least one series-con-
nected LED. The blocking diode prevents the capacitor
from discharging through the switching circuit. Typically,
the second switching threshold voltage is 4-6 V.

[0023] According to an embodiment of the invention
the switching circuit comprises a switching transistor, the
drain of the switching transistor being connected to the
anode of the blocking diode and the source of the switch-
ing transistor being connected to the cathode of the at
least one series-connected LED.

[0024] According to an embodiment of the invention
the LED lighting device comprises a rectifying circuit con-
figured to rectify an AC input voltage, at least three LED
circuits, each comprising at least one series-connected
LED connected in parallel with a capacitor, and a blocking
diode connected in series with said parallel connection,
the at least three LED circuits having unequal numbers
of series-connected LEDs and being connected in series
in an order determined by the number of the series-con-
nected LEDs in each LED circuit, a switching circuit for
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each LED circuit, the switching circuits being configured
to control the flow of current to the corresponding LED
circuit, a constant current regulating circuit configured to
regulate the current fed to the LED circuits, and a first
compensating circuit connected to the LED circuit having
the lowest number of LEDs and configured to feed current
to said LED circuit when the voltage at a node between
the constant current regulating circuit and said LED cir-
cuit is smaller than a first compensating threshold volt-
age.

[0025] 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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]
Fig. 1 illustrates a circuit diagram of a LED lighting

device according to an embodiment of the in-
vention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0027] 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 comprises a
full-wave rectifying circuit 101 that rectifies an AC voltage
applied to its input terminals and outputs the rectified AC
voltage at its output terminals to four LED circuits 102,
103, 104, 105 that are connected in series. To each of
the LED circuits 102, 103, 104, 105is connected a switch-
ing circuit 106, 107, 108, 109 that controls the flow of
current through the corresponding LED circuit 102, 103,
104, 105. The current fed to the LED circuits 102, 103,
104, 105 is regulated with a constant current regulating
circuit 110.

[0028] The first LED circuit 102 comprises one LED
D37 that is connected in parallel with a capacitor C12.
This parallel connection is connected in series with a
blocking diode D36 in such a manner that the cathode
of the blocking diode D36 is coupled to the anode of the
LED D37. The anode of the blocking diode D36 is con-
nected to the drain of a switching transistor 111 of the
first switching circuit 106. The cathode of the LED D37
is connected to the source of the switching transistor 111
and to the drain of a regulating transistor QCCR1 of the
constant current regulating circuit 110.

[0029] The second LED circuit 103 comprises two se-
ries-connected LEDs D7, D15 that are connected in par-
allel with a capacitor C1. This parallel connection is con-
nected in series with a blocking diode D3 in such a man-
ner that the cathode of the blocking diode D3 is coupled
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to the anode of the series-connected LEDs. The anode
of the blocking diode D3 is connected to the drain of a
switching transistor 112 of the second switching circuit
107. The cathode of the series-connected LEDs is con-
nected to the source of the switching transistor 112 and
to the anode of the blocking diode D36 of the first LED
circuit 102.

[0030] The third LED circuit 104 comprises four series-
connected LEDs D9, D16, D17, D18 that are connected
in parallel with a capacitor C2. This parallel connection
is connected in series with a blocking diode D8 in such
a manner that the cathode of the blocking diode D8 is
coupled to the anode of the series-connected LEDs. The
anode of the blocking diode D8 is connected to the drain
of a switching transistor 113 of the third switching circuit
108. The cathode of the series-connected LEDs is con-
nected to the source of the switching transistor 113 and
to the anode of the blocking diode D3 of the second LED
circuit 103.

[0031] The fourth LED circuit 105 comprises eight se-
ries-connected LEDs D14, D19, D20, D21, D22, D23,
D24, D25 that are connected in parallel with a capacitor
C3. This parallel connection is connected in series with
a blocking diode D13 in such a manner that the cathode
of the blocking diode C3 is coupled to the anode of the
series-connected LEDs. The anode of the blocking diode
C3is connected to the drain of a switching transistor 114
of the fourth switching circuit 109 and to the positive ter-
minal of the rectifying circuit 101. The cathode of the se-
ries-connected LEDs is connected to the source of the
switching transistor 114 and to the anode of the blocking
diode D8 of the third LED circuit 104.

[0032] The switching circuits 106, 107, 108, 109 switch
the LED circuits 102, 103, 104, 105 on and off according
to the voltage values at the anodes of the series-con-
nected LED(s). Each switching circuit 106, 107, 108, 109
has specific firstand second switching threshold voltages
to allow for proper LED circuit control. The voltage at the
anode of the series-connected LED(s) is compared to
these threshold voltages. The first switching threshold
voltage determines when the switching transistor 111,
112, 113, 114 turns off and allows current to charge the
capacitorC12,C1,C2, C3andtoflow throughthe LED(s).
The first switching threshold voltage is larger than the
sum of the threshold voltages of the LED(s) in the corre-
sponding LED circuit. The first switching threshold volt-
ages are set for each switching circuit 106, 107, 108, 109
with resistors R25, R1, R3 and R5. The second switching
threshold voltage determines when the switching tran-
sistor turns on to shuntthe LED(s) and allow the capacitor
C12, C1, C2, C3 to discharge through the LED(s). The
blocking diode D36, D3, D8, D13 prevents the capacitor
C12, C1, C2, C3 from discharging through the switching
circuit 106, 107, 108, 109. The second switching thresh-
old voltages are set for each switching circuit 106, 107,
108, 109 with resistors R26, R2, R4, R6.

[0033] The LED lighting device comprises a compen-
sating circuit 115 that feeds current to the first LED circuit

10

15

20

25

30

35

40

45

50

55

102 when the voltage at the drain of the regulating tran-
sistor QCCR1, which is an n-channel MOSFET, is small-
er than a compensating threshold voltage. The purpose
of the compensating circuit 115 is to compensate the
negative effects of a too low AC voltage applied to the
device. The compensating circuit 115 comprises a cur-
rent generating circuit 116 for generating current for the
first LED circuit 102, a voltage monitoring circuit 117 for
monitoring the voltage at the drain of the regulating tran-
sistor QCCR1, a controlling circuit 118 for controlling,
based on the monitored voltage value, the flow of current
from the current generating circuit 116 to the first LED
circuit 102, and a current adjusting circuit 119 for adjust-
ing the current provided by the constant current regulat-
ing circuit 110.

[0034] The current generating circuit 116 comprises
the following components: a capacitor Cl1, aresistorRI1,
and diodes DI1 and DI2. The first terminal of the capacitor
CI1 is connected to the positive output terminal of the
rectifying circuit 101, and the second terminal of the ca-
pacitor Cl1 is connected to the first terminal of the resistor
RI1. The second terminal of the resistor RI1 is connected
to the cathode of the diode DI1 and to the anode of the
diode DI2. The anode of the diode DI1 is connected to
the ground, and the cathode of the diode DI2 is connected
to the emitter of a transistor QS1, and through a resistor
RS3 to the collector of the transistor QU1 and to the base
of a transistor QS2. The cathode of the diode DI2 is also
connected through a resistor RS1 to the base of the tran-
sistor QS1, and through the resistors RS1 and RS2 to
the collector of the transistor QS2.

[0035] The voltage monitoring circuit 117 comprises
the following components: a diode DU1, resistors RU1,
RU2 and RU3, a capacitor CU1 and a transistor QU1.
The anode of the diode DU1 is connected to the drain of
the regulating transistor QCCR1, and the cathode of the
diode DU1 is connected to the resistor RU1. The resistor
RU1 and the capacitor CU1 constitute a low-pass filter.
The resistors RU2 and RU3 form a voltage divider. The
base of the transistor QU1 is coupled to a node between
the resistors RU2 and RU3. The voltage at the base of
the transistor QU1 thus follows the voltage at the drain
of the regulating transistor QCCR1.

[0036] The controlling circuit 118 comprises the follow-
ing components: transistors QS1 and QS2, and resistors
RS1, RS2 and RS3. The collector of the transistor QS1
is connected to the anode of the LED D37 of the first LED
circuit 102. The base of the transistor QS1 is connected
to the collector of the transistor QS2. The base of the
transistor QS2 is connected to the collector of the tran-
sistor QU1.

[0037] The current adjusting circuit 119 comprises a
diode DC1 and a resistor RC1 that are connected in se-
ries. The cathode of the diode DC1 is connected to the
collector of the transistor QS2. The resistor RC1 is con-
nected to the base of a transistor QCCR2 and through a
resistor RCCR2 to the source of the regulating transistor
QCCRA1.
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[0038] The compensating circuit 115 functions as fol-
lows. When the voltage at the drain of the regulating tran-
sistor QCCR1 is so high that the voltage at the base of
the transistor QU1 keeps the transistor QU1 in a con-
ducting state, the transistor QS2 is in a non-conducting
state. As a result of this, the transistor QS1 is also in a
non-conducting state, whereby the flow of current from
the current generating circuit 116 to the first LED circuit
102 is prevented. As the voltage at the drain of the reg-
ulating transistor QCCR1 decreases, so does the voltage
at the base of the transistor QU1. When the voltage at
the drain of the regulating transistor QCCR1 decreases
so low that the transistor QU1 goes into a non-conducting
state, the increased voltage at the base of the transistor
QS2 drives the transistor QS2 into a conducting state.
The value of the drain voltage at which the transistor QU1
changes its state is called a compensating threshold volt-
age. The transistor QS2 drives the transistor QS1 into a
conducting state, whereby current flows from the current
generating circuit 116 through the transistor QS1 to the
first LED circuit 102. The feed of current to the first LED
circuit 102 decreases the current that flows through the
other LED circuits 103, 104, 105. This is compensated
byincreasing the currentprovided by the constant current
regulating circuit 110. This is achieved using the current
adjusting circuit 119.

[0039] 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. ALED lighting device, comprising:

- a rectifying circuit configured to rectify an AC
input voltage,

- at least three 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 at least three LED circuits having unequal
numbers of series-connected LEDs and being
connected in series in an order determined by
the number of the series-connected LEDs in
each LED circuit,

- a switching circuit for each LED circuit, the
switching circuits being configured to control the
flow of current to the corresponding LED circuit,
and

- a constant current regulating circuit configured
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to regulate the current fed to the LED circuits,

characterised in that the LED lighting device com-
prises:

- a first compensating circuit connected to the
LED circuit having the lowest number of LEDs
or to the LED circuit having the second lowest
number of LEDs and configured to feed current
to said LED circuit when the voltage at a node
between the constant current regulating circuit
and the LED circuit having the lowest number
of LEDs is smaller than a first compensating
threshold voltage.

2. The LED lighting device according to claim 1, char-
acterised in that:

- the first compensating circuit is connected to
the LED circuit having the lowest number of
LEDs, and

- the LED lighting device comprises a second
compensating circuit connected to the LED cir-
cuit having the second lowest number of LEDs
and configured to feed currentto said LED circuit
when the voltage at a node between the con-
stant current regulating circuit and the LED cir-
cuit having the lowest number of LEDs is smaller
than a second compensating threshold voltage.

3. The LED lighting device according to claim 2, char-
acterised in that the first compensating threshold
voltage is larger than the second compensating
threshold voltage.

4. The LED lighting device according to any of the pre-
ceding claims, characterised in that the compen-
sating circuit comprises:

- a current generating circuit configured to gen-
erate current for the LED circuit,

- a voltage monitoring circuit configured to mon-
itorthe voltage at the node between the constant
currentregulating circuit and the LED circuit hav-
ing the lowest number of LEDs, and

- a controlling circuit configured, based on the
monitored voltage value, to control the flow of
current from the current generating circuit to the
LED circuit.

5. The LED lighting device according to claim 4, char-
acterised in that the current generating circuit com-
prises a series connection of a capacitor and a re-
sistor, said series connection being connected to the
anode of the at least one series-connected LED via
a transistor of the controlling circuit.

6. The LED lighting device according to any of the pre-
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ceding claims, characterised in that the compen-
sating circuit comprises a current adjusting circuit
configured, during the time when the compensating
circuit feeds current to the LED circuit, to increase
the current provided by the constant current regulat-
ing circuit.

The LED lighting device according to any of the pre-
ceding claims, characterised in that the LED cir-
cuits are connected between the positive terminal of
the rectifying circuit and the drain of a regulating tran-
sistor of the constant current regulating circuit.

The LED lighting device according to any of the pre-
ceding claims, characterised in that the switching
circuits are configured to direct current through the
corresponding LED circuit when the voltage at the
anode of the at least one series-connected LED ex-
ceeds a first switching threshold voltage specific to
each switching circuit, and configured to shunt the
current away from the corresponding LED circuit
when the voltage at the anode of the at least one
series-connected LED falls below a second switch-
ing threshold voltage specific to each switching cir-
cuit.

The LED lighting device according to any of the pre-
ceding claims, characterised in that the switching
circuit comprises a switching transistor, the drain of
the switching transistor being connected to the an-
ode of the blocking diode and the source of the
switching transistor being connected to the cathode
of the at least one series-connected LED.
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