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Description

[0001] The invention is defined by the independent
claims and relates to LED lighting apparatuses driven
directly from the public AC grid, wherein the harmonic
content of the currents sunk from the public AC grid by
the light emitting diodes is compliant with the
EN61000-3-2 harmonic standard. Some embodiments
of the LED lighting apparatuses according to the inven-
tion have a parallel connection of multiple power sup-
plies, in order to obtain higher power supplies compliant
too with said harmonic standard.

[0002] According to the present invention, hereinafter
the term "LED" is the abbreviation of the light emitting
diode and the term "Direct AC power supply" refers to a
low power constant current integrated power supply.
[0003] It should be appreciated, however, that the em-
bodiments described below are illustrations of LED driv-
ing apparatuses used therein to give a concrete form to
technical ideas of the invention, and the LED driving ap-
paratuses of the invention are not specifically limited to
the description below. Furthermore, it should be appre-
ciated that the members shown in claims attached hereto
are not specifically limited to members in the embodi-
ments. Unless otherwise specified, any dimensions, ma-
terials, shapes and relative arrangements of the parts
described in the embodiments are given as an example
and not as a limitation.

[0004] LED lighting technology is maturing fast, in the
last 2 years becoming commercially available over 10
direct AC integrated circuits (abbreviated: IC). Direct AC
technology is attractive because of its low cost, of its sim-
plicity allowing the manufacturing of complete light en-
gines on single printed circuit boards, because of lack of
reactive components and due to its good electric param-
eters: high electrical efficiency (typically 90%) and good
power factor (typically higher than 0.95).

[0005] Since the power supplied by the available direct
AC ICs does not exceed 20W, in order to achieve higher
rated power it is known the scaling method, i.e. the par-
allel connection of several small power sources. When
the harmonic content of currents sunk by the direct AC
integrated power supplies exceeds the limits imposed by
the harmonic standard (EN61000-3-2), the scaling meth-
od cannot be applied for powers higher than 25W. Figure
1 exhibits the electric diagram of a LED light source driven
bya 10W and 4 LED segments direct AC integrated pow-
er supply and Figure 2 exhibits the known method of scal-
ing of several direct AC power sources in order to obtain
higher-power sources. Figure 3 exhibits the time domain
variation of the current sunk by the apparatus in Figure
1 and Figure 4 exhibits its harmonic content together with
the individual harmonic limits, as they are set by the
EN61000-3-2 harmonic standard. Acknowledging the
standard is only recommended for powers lower than
25W but is mandatory for powers higher than 25W, a
lighting apparatus having a rated power higher than 25W
and manufactured by simply scaling of any number of
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not compliant and low power direct AC integrated power
sources, is still not compliant and not usable. The not
compliant harmonic contentis mainly due to the fact that
given technological and practical reasons, the ratios of
currents sunk by the integrated circuit from the grid is
fixed, having the first step/current jump of higher value
relative to next steps, which condition a relatively tight
ratio of number of LEDs that make up each of the 4 LED
segments. Each LED segment includes one LED device
or a plurality of LED devices, which are connected to
each other in series. Needless to say, a plurality of LED
devices can be connected to each other in series inside
a LED package as the LED segment. The time domain
variation of current sunk by the direct AC integrated pow-
er supply as shown in Figure 3 is characteristic to a series
of common, cheap and very popular integrated power
supplies, characterized by the following currents ratio:
lout1/lout2/louTa/louTa = 61/77/94/100.

[0006] Each LED segment can include an arbitrary
number of LED devices (at least one LED device). The
LED device can be a single LED chip, ora single package
including a plurality of collectively-arranged LED chips.
In this embodiment, that fixed currents ratio requires the
approximate number of LEDs of each constituent seg-
ment Sy, ...,S, as following: S, contains about 55 LEDs,
S, contains about 18 LEDs, S5 contains about 16 LEDs
and S, contains about 6 LEDs. The example is not limi-
tative, and the LED segments may also contain other
combinations of numbers of LEDs.

[0007] For a power of 10W, the set resistor R = 15
ohms is selected in accordance with the datasheet, and
therefore the levels of sunk currents become: I 11=
36.7mA, loyto= 46.7MA, lgyt3= 56.7mA and lgyt4=
60.0mA.

[0008] The fixed ratios of sunk currents (61/77/94/100)
in conjunction with the high level of the first sunk current,
requires on one hand the LED segment S, to contain a
large number of LEDs, which in turn determines the ap-
paratus to start sinking current later, with a delay greater
than 1.3ms from the zero crossing of sine grid voltage,
and on the other hand, it makes the first step / current
jump, corresponding to segment S; to be much higher
(about 3-fold) than the following steps/levels of sunk cur-
rent; both effects (late entry into conduction and the first
current step of higher value relative to next steps) con-
tribute decisively to the increased levels of odd harmon-
ics of the sunk current, thus exceeding the limits imposed
by EN61000-3-2 standard.

[0009] Document US 2015/208474 A1 discloses a
method of taking power with low-voltage bypass for sup-
plying low-voltage power to an IC and an IC for AC direct
driving LEDs, which is applicable to the method of taking
power with low-voltage bypass. The method allows the
increase of the number of LED segments by adding an
associated IC for each new segment, and each LED seg-
ment is controlled independently of the other LED seg-
ments. A priori this method does not provide
EN61000-3-2 harmonic compliance. Harmonic compli-
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ance might be achieved only by using five or more inte-
grated circuits and carefully chosen resistors values.
However, this method is totally different of the present
claimed invention.

[0010] Document DE 11 2014 002534 T5 refers to a
LED lighting device capable to endure a supply voltage
whose value is the double of the supply voltage value of
a single integrated circuit/driver. Thus, the internal parts
of the device are prevented from being damaged by an
overvoltage. However, the device is not EN61000-3-2
compliant.

[0011] DocumentEP2665341A1 discloses the general
operating method of a LED direct AC integrated circuit
driver. The LED segments connection/disconnection
to/from the circuit is managed exclusively by the mains
supply voltage, and not by the current sunk by the LEDs.
The apparatus associated to the method does not meet
EN61000-3-2 harmonic standards. Moreover, it does not
meet EN55014 electro magnetic interferrence standard.
[0012] No method orapparatus for decreasing the har-
monic content is disclosed.

[0013] KR 101582450 B1 discloses a direct-AC light-
ing apparatus that can be used in different electric power
environments (namely 110 V AC voltage and 220 V AC
voltage) specific to different countries or regions. The
apparatus comprises two lighting circuitries. The pro-
posed solution consists in the parallel-connection of the
apparatus circuitries in case of the first supply voltage
and in the series-connection of the apparatus circuitries
in case of using the second supply voltage. However the
apparatus is not EN61000-3-2 compliant. No method or
apparatus for decreasing the harmonic content is dis-
closed.

[0014] The technical problem solved by the present
invention is the decrease of the harmonic content of the
currents sunk by direct AC power sources driving LED
strings below the limits required by EN61000-3-2 stand-
ard.

[0015] The LED Lighting apparatuses according to the
invention have the following advantages:

- allow manufacturing of EN61000-3-2 compliant pow-
er supplies by using non-compliant direct AC power
supplies;

- allow-direct grid connection of apparatuses having
the rated power higher than 25W

- exhibit high electric efficiency of over 90%;

- exhibitanimproved, close to unity (0.995) power fac-
tor, higher than the power factor of known and not
compliant topologies;

- decrease the time during which LEDs don't lit, when
compared with the known and not compliant topol-
ogies;

- improve the flicker index when compared to the
known direct AC not compliant integrated solutions;

- high power supplies can be manufactured on the
same printed circuit board where the LEDs are
placed, dramatically simplifying the production of the
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entire high power light engine;

- thelife time of the power supply has the same order
of magnitude to the lifetime of the LEDs;

- are unlimited scalable in power as they comply with
the EN61000-3-2 harmonic standard;

- are particularly cheap as they use specialized, low
power integrated direct AC power supplies.

[0016] Several embodiments of LED lighting appara-
tuses according to the invention are detailed below, in
connection with the figures which represent:

Figure 1: is a circuit schematic diagram showing a
known light engine with the LED string driven by a 4
LED segments low power integrated direct AC power
supply.

Figure 2: is a circuit schematic diagram showing the
known scaling method, used to increase the rated
power.

Figure 3: is a graph showing the time variation of the
current sunk by the apparatus in Figure 1.

Figure 4: is a graph showing the frequency spectrum
of the current in Figure 3.

Figure 5: is a circuit schematic diagram showing the
wiring of a first preferred embodiment of a LED light-
ing apparatus according to the invention, having sev-
en LED segments.

Figure 6: is a graph showing the time domanin var-
iation of the current sunk by the apparatus in Figure
5.

Figure 7: is a graph showing the frequency spectrum
of the current in Figure 6.

Figure 8: is a circuit schematic diagram showing the
wiring of a second preferred embodiment, consisting
of the scaling of the power supply in Figure 5 accord-
ing to the invention, having seven LED segments.
Figure 9: is a circuit schematic diagram showing the
wiring of a third preferred embodiment as an alter-
native example of scaling of the power supply in Fig-
ure 5, according to the invention, having six LED
segments.

Figure 10: is a circuit schematic diagram showing
the wiring of a fourth preferred embodiment as an
alternative example of scaling of the power supply
in Figure 5, according to the invention, having five
LED segments.

[0017] Apparatuses in Figures 5, 8, 9 and 10 are all
compliant to EN61000-3-2 standard.

[0018] Figure 5 exhibits the wiring diagram of a first
preferred embodiment of a LED lighting apparatus pow-
ered directly from the public grid, according to the inven-
tion and comprising:

a bridge rectifier PR having a first input lead and a
second inputlead connected to a supply voltage Uag
of the public AC grid, having a first output lead series
connected to the anode of a series connected LED
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string, and a second output lead connected to the
ground, the series connected LED string consisting,
in order, of a first LED segment Sy, a second LED
segment Syp, a third LED segment Sy, a fourth
LED segment S;, a circuit element Z, a fifth LED
segment S,, a sixth LED segment S; and a seventh
LED segment S,, (wherein the LED segments Sy,
Sip, S4s3 and S,y form together a so-called "com-
plex" LED segment Sy; in other words, the complex
LED segment S, consists of the LED segments Sy,
Si12: Sqr3 and Sygy),

a primary direct AC integrated power supply IC1 for
driving said LED string, whose internal current sourc-
es are connected respectively to the anode of the
first LED of the fifth LED segment S,, respectively
to the anode of the first LED of the sixth LED segment
S, respectively to the anode of the first LED of the
seventh LED segment S,, respectively to the cath-
ode of the last LED of the string (i.e. of the seventh
LED segment S,, wherein the ground pin GND of
the primary direct AC integrated power supply IC1,
together with the first end of its current set resistor
R1 are connected to ground,

wherein at the increase of voltage U,g over the re-
spective threshold voltages of the LED segments,
the complex LED segment S, the fifth LED segment
S,, the sixth LED segment S; and the seventh LED
segment S,, are successively and sequentially
switched in by the primary direct AC integrated pow-
er supply IC1, and at the decrease of voltage Upg
below the respective threshold voltages of the LED
segments, the seventh LED segment S4, the sixth
LED segment S3, the fifth LED segment S2 and the
complex LED segment S, are successively and se-
quentially switched out by the primary direct AC in-
tegrated power supply IC1

the apparatus further comprising a secondary direct
AC integrated power supply IC2 whose internal cur-
rent sources are connected to the taps between the
first LED segment Sy and the second LED segment
S5, respectively between the second LED segment
S4sp and the third LED segment Sy, respectively
between the third LED segment S3 and the fourth
LED segment S, respectively between the fourth
LED segment S, and the circuit element Z, where
the ground GND pin of the secondary direct AC in-
tegrated power supply IC2, together with the firstend
of its current set resistor R2 are connected to the tap
between the circuit element Z and the fifth LED seg-
ment S,.

[0019] The circuit element Z, on which falls the mini-
mum voltage required to bias the internal circuitry of the
direct AC integrated power supply IC2, may be aresistor,
afew volts reverse polarized zenner diode or even a for-
ward biased LED.

[0020] Atthe increase of voltage Upg over the respec-
tive threshold voltages of the LED segments Sy¢, S,
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S413, Sq14, before switching them in by the primary direct
AC integrated power supply IC1, the LED segments Sy¢4,
Sip, Sz, and Sy are successively and sequentially
switched in by the secondary direct AC integrated power
supply IC2, and at the decrease of voltage U,g below
the respective threshold voltages of LED segments Sy,
Sio Sit3, Squs, after the successive and sequential
switch out of the LED segments S, , S, S, and complex
segment S, by the primary direct AC integrated power
supply IC1, the LED segments Sy, Sqf3, Sqsp and Sy
are successively and sequentially switched out by the
secondary direct AC integrated power supply IC2.

[0021] Considering the fixed ratios of sunk currents,
for a 10W power supply the set resistor values are: R1
=15 ohms and R2 = 30 ohms. These values ensure the
maximum leap between any two consecutive sunk con-
stant current levels is less than 10mA, meaning that it
provides an quasi linear increasing set of currents
louttiac2: lout2ace loutsicz: loutaace:  louttaict

louT2-1c1: louTs-ic1: louTs-ic1 sunk by the apparatus. The
additional current levels corresponding to IC2 and set

resistor R2 = 30 ohms are lgy11.1c2 = 18.3MA, lgyTt2-1Cc2
=23.3mA, lgyT3.ic2 = 28.3mA and I j14.co = 30mMA, the
initial 1C1 levels remaining unchanged i.e. currents:
lout1ac1 = 36.7mA, loytaict = 46.7mA, loytaict =
56.7mA and lgyT4.1c1 = 60MA.

[0022] After the level of sunk current levels are deter-
mined, it is selected the number of LEDs consisting each
LED segment Sy¢1, Syt Sys3, Sy, SO that the current
sunk by the apparatus to vary in steps, approximately
linearly over time, as seen in Figure 6. The number of
LEDs in each segment Sq¢q, Sqs2, Stz Sqs4 resulting in
the sunk current variation as shown in Figure 6 is: Sy
contains 15 LEDs, Sy, contains 18 LEDs, S, contains
9 LEDs, S contains 6 LEDs and circuit element Z con-
tains 1 single LED. The fact that the complex LED seg-
ment S, consists of four LED segments Sy, Sqp, S4s3,
S, as shown above is not unique, several divisions be-
ing possible, aswell as several levels of set currents sunk
by IC2; the frequency harmonics of sunk current given
the variation indicated above are compliant to harmonic
standard.

[0023] Each LED segment can include an arbitrary
number of LED devices (at least one LED device). The
LED device can be a single LED chip, ora single package
including a plurality of collectively-arranged LED chips.
[0024] The LED driving apparatus wherein the com-
plex LED segment S; consists of four LED segments
Si1> S1p2: S113: Sq14. €ach including the indicated number
of LEDs, is compliant to the current harmonic standard
for lgyta = 30MA.

[0025] The example is not limitative, as the LED seg-
ments may also contain other numbers of LEDs, includ-
ing but not limited to an equal numbers of LEDs in each
LED segment (except for complex LED segment S;). In
another embodiment, the complex LED segment S; may
include 54 LED chips divided in 4 LED segments
S111,S112, S1s3: Sy as following: LED segment Sy in-
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cludes 21 LEDs, and each of the following LED segments
Si2, Sqz3and Sygzincludes 10 LEDs, orall LED segments
may include an equal number of LEDs.

[0026] Itis considered thatwhen connecting the supply
voltage U,g atthe AB terminals, the AC grid voltage pass-
es through zero. It is also considered that at the AB ter-
minals it is applied a 230Vef and 50Hz sinusoidal AC
voltage. We reckon the LEDs threshold voltage is about
2.8V and respectively the forward directional (anode to
cathode) voltage drop at nominal current is about 3.2V.
[0027] By increasing the voltage U,g between 0 volts
and up to 42V (the threshold voltage of LED segment
S4s1 is 42V, 15LED x cca. 2.8V) the apparatus does not
sink any current from the grid. By further increasing the
Upg voltage over the threshold voltage of S4s, through
LEDs that constitute the segment S, it starts flowing a
current determined by the voltage to current character-
istic of the 15 LEDs constituting the segment Sy;; the
current flowing through the circuit closes to the ground
via the internal current source of IC2 which is connected
between its terminals lo,71 and Rext, through the set
resistor R2, through the internal current source of IC1
which is connected between its terminals |5 14 and Rext
andthrough the setresistor R1. As U g voltage continues
to increase, the current flowing through S5y segmentalso
increases until it reaches the maximum value limit
louT1-1c2 = 18.3mA of the internal current source. While
the voltage U g further increases, the current sunk by
the apparatus stays constant and limited to those
18.3mA, meaning the forward voltage drop across LED
segment Sy also stays constant. The voltage difference
between U,g and the voltage forward directional voltage
drop on LED segment S;44 is found on IC2, across the
terminals |54 and GND. Thus, the variation (increase)
of the U,g voltage translates into the variation (increase)
ofthe voltage drop atthe IC2 terminals. When the voltage
drop at the IC2 terminals reaches the threshold voltage
of LED segment Sy;, (about 50.4V, 18LED x 2.8V),
through the LED segment Sy¢, starts flowing a current
passing through the internal current source of IC2 con-
nected between the terminal |51, and Ry, through re-
sistor R2 and closing to the ground on the same route
as the current sunk by IC2 through lg11. According to
the internal configuration of IC, as the current sunk
through the terminal Iyt increases, the current sunk
through the terminal I ;71 decreases by an equal amount
so that at U,g voltage the current sunk by the terminal
louTq drops to zero. At the further increase of the Upg
voltage the current flowing through the LED segments
Sy and Sy, of the complex LED segment S4, S4¢1 and
S, Now connected in series, increases up to the current
level set and limited |50, namely 23.3mA.

[0028] Ata further increase of the voltage U g the cur-
rent drawn by the apparatus stays constant, as well as
the forward directional voltage drop at the terminals of
the series connected LED segments Sy and Sy, the
voltage variation being found across the terminals I T2
and GND of IC2. As U,g voltage further increases, the

10

15

20

25

30

35

40

45

50

55

LED segment S, begins to lit, and then Sy, similarly.
[0029] Up to this point the operation of the apparatus
is typical for the operation of a direct AC integrated power
supply with 4 LED segments.

[0030] At the further increase of the U,g voltage the
forward directional voltage drop on the four series con-
nected Sy4, Sy, Sqs3 @and Sy, stays constant, the vari-
ation of the voltage U,g being found in the variation of
the voltage drop between the |5 14 and GND terminals
of IC2. When this voltage drop exceeds some 2,8V, the
LED which forms the circuit element Z starts to conduct.
The entry into conduction of the circuit element Z leads
to the situation in which through the series connected
Si1> Sqp, Sqpz and Sy pass both the current setat 30mA
by the IC plus the current flowing through the circuit el-
ement Z. The current passing through the circuit element
Z also closes to the ground via the terminal I5T1.c1,
Rext and resistor R1 so the sum of the current flowing
through the circuit element Z and 30mA will be limited to
the first level set by IC1 which in this exemplary embod-
iment is 36.7mA.

[0031] Ata furtherincrease of Upg voltage the primary
direct AC power supply IC1 operates classically, succes-
sively sinking the current in well-established constant lev-
els through the already switched in LED segments Sy,
Sip, S113. Sqi4 that constitute the complex LED segment
S,, as well as through the sequentially switched in LED
segments S,-S,.

[0032] Atthe decrease ofthe U,g grid voltage the func-
tioning occurs in reverse, the apparatus both successive-
ly switching out the LED segments as well as the LED
segments that constitute the complex LED segment S,
in reverse order, and sinking a descending current in the
same well established constant levels and at the same
well-established moments in time.

[0033] Figure 6 exhibits the time domain variation of
the current sunk by the apparatus in Figure 5, Figure 7
exhibits the frequency spectrum of the current sunk by
the apparatus in Figure 5 where it is seen that its har-
monics are lower than the limits set by EN61000-3-2, and
Figure 8 exhibits a circuit schematic diagram showing
the wiring of a second preferred embodiment consisting
of the scaling of the power supply in Figure 5, according
to the invention, having its complex LED segment S, di-
vided into four LED segments. By way of example, the
commercial optimum number of integrated circuits need-
ed to manufacture a 30W power supply is 4, a 60W power
supply is 2x4=8 and a 90W power supply is 4x3=12; it
stems from the fact that all direct AC power supply inte-
grated circuits are identical and from the fact that the
secondary direct AC power supply integrated circuits
sunk a maximum current equal to between one third and
a half of the maximum current sunk by the primary direct
AC power supply integrated circuits.

[0034] Figure 9is a circuit schematic diagram showing
the wiring of a third preferred embodiment of a LED light-
ing apparatus powered directly from the public AC grid
as an alternative example of scaling the power supply in
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Figure 5, which differs from the wiring diagram shown in
Figure 8 as follows:

- the complex LED segment S, consists of three LED
segments Sy, Sypp, Sy

- the circuit element Z is serially connected between
the fourth LED segment S, and the fifth LED segment
S3

[0035] As anexample, for the wiring diagram in Figure
9, all LED segments Sy¢1, Sys, Sq3: S, S3 and S, may
have an equal number of LEDs. As a preferred example
(given by the large availability of the 50V direct forward
bias voltage multichip LEDs packageing in a single cap-
sule 14 LED junctions, but without limiting the invention
only to this example), S4¢1, S4t2, Sq13, So, Sz and S, may
each have 14 LEDs; the number of LEDs in the LED
segments is not limited to 14, it varies between 13 and
16 depending on the maximum grid voltage; thus, at rated
power, the direct forward voltage drop for all the LEDs
connected in series in the string has to be equal to or
slightly smaller than the maximum, peak voltage, of the
grid at nominal voltage.

[0036] Figure 10 is a circuit schematic diagram show-
ing the wiring of a fourth preferred embodiment as an
alternative example of scaling of the power supply in Fig-
ure 5, which differs from the diagram in Figure 8 as fol-
lows:

- the complex LED segment S, consists of 2 LED seg-
ments Sy¢1, Sqp

- the circuit element Z is serially connected between
the fourth LED segment S; and the fifth LED segment
Sy

[0037] As an example, for the diagram in Figure 10 all
LED segments Sy¢1, Sqr2, So, S3 and S, can consist of
an equal number of LEDs. As a preferred example (but
without limiting the invention only to this example) each
of S4t1, S112. So, Sz and S, can consist of 19 LEDs.
[0038] In the embodiments exhibited in Figures 8, 9
and 10, the internal current sources of the at least one
secondary direct AC power supply integrated circuits
IC24, IC2,,..., IC2,, are connected to the taps between
the first LED segment and the second LED segment,
respectively between the second LED segment and the
third LED segment, respectively between the third LED
segment and the fourth LED segment, respectively be-
tween the fourth LED segment and the circuit element Z.
[0039] The total number of the primary direct AC power
supply integrated circuits 1C14, IC1,,..., may differ from
the total number of the secondary direct AC power supply
integrated circuits I1C2, IC2,,..., in all preferred embod-
iments depicted in Figures 8,9 and 10.

[0040] All the embodiments presented in Figures 8, 9
and 10 use the same operating mode as they were de-
scribed for the embodiment in Figure 5.

[0041] In all embodiments, circuit element Z is con-
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nected between the last LED segment driven by the sec-
ondary direct AC power supply integrated circuits (IgyT4
in that case) and their ground GND pin, together with the
first terminal of the set resistor of these secondary direct
AC power supply integrated circuits.

[0042] It should be apparent to those with an ordinary
skill in art that while various preferred embodiments of
the invention have been shown and described, it is con-
templated that the invention is not limited to the particular
embodiments disclosed, which are deemed to be merely
illustrative of the inventive concepts and should not be
interpreted as limiting the scope of the invention, and
which are suitable for all modifications and changes fall-
ing within the scope of the invention as defined in the
apprehended claims. The advantage that the complex
LED segment S, consists of four segments Sq¢¢1,S4p,
S413:S114 is obtaining maximum performances in terms
of the harmonic content of the current sunk; namely, the
harmonic content of the current sunk is the lowest pos-
sible.

[0043] In the embodiments where the complex LED
segment S, consists of three Sy¢, S41,S4s3 Or respec-
tively two segments S44,S4sp, although maximum per-
formance is not achieved, the harmonic content of the
current sunk remains in accordance with the
EN61000-3-2 standard but the cost of the associated ap-
paratuses is much lower given the possibility of using
exclusively cheaper multichip packaged LEDs.

Claims

1. LEDlighting apparatus driven directly from the public
AC grid, comprising:

- a bridge rectifier (PR) having a first input lead
and a second input lead configured to be con-
nected

to a supply voltage (Upg) of the public AC grid,
having a first output lead series connected to an
anode of a series connected LED string, and a
second output lead connected to ground,

- the series connected LED string consist-
ing, in order, of a first LED segment (S44),
a second LED segment (S4s,), a third LED
segment (S4¢3), a fourth LED segment
(S4¢4), @ circuit element (Z), a fifth LED seg-
ment (S,), a sixth LED segment (S;) and a
seventh LED segment (S,),

- at least one primary direct AC power supply
integrated circuit (IC14,1C1,,...,1C1,,) for driving
said LED string, each of the at least one primary
direct AC power supply integrated circuits (IC14,
IC1,,..., 1C1,) having: a first internal current
source connected to an anode of afirst LED con-
stituent of the fifth LED segment (S,), a second
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internal current source connected to an anode
of a first LED constituent of the sixth LED seg-
ment (S3), a third internal current source con-
nected to an anode of a first LED constituent of
the seventh LED segment (S,), a fourth internal
current source connected to a cathode of a last
LED constituent of the seventh LED segment

(S4),

- each of the at least one primary direct AC
power supply integrated circuit (IC14,
IC1,,..., IC1,) being provided with:

aground pin (GND) connected to a first
end of a respective primary current set
resistor (R14, R1,,..., R1,), and

with a current set pin (Rgxt) connected
to a second end of said respective pri-
mary current set resistor (R14, R1,,...,
R1,),

wherein the ground pin (GND) of each
of the at least one primary direct AC
power supply integrated circuits (IC1,,
IC1,,...,1C1,,) together with the first end
of its respective primary current set re-
sistor (R14, R1,,...,

R1,,) are connected to the ground,

- each primary direct AC power supply inte-
grated circuit (IC14, IC1,,..., I1C1,) being
configured to successively and sequentially
switch in the first four LED segments (Sy¢4,
Sit2: Sa3, Sqsa), the fifth LED segment (S,),
the sixth LED segment (S;) and the seventh
LED segment (S,), and also being config-
ured to successively and sequentially
switch out the seventh LED segment (S,),
the sixth LED segment (S3), the fifth LED
segment (S,), and the first four LED seg-
ments (S1f1, S1r2: Sag3. S14):

- at least one secondary direct AC power supply
integrated circuit (IC24, IC2,, ..., 1C2,,) for driving
said LED string, each of the at least one sec-
ondary direct AC power supply integrated cir-
cuits (1C24, IC2,,..., IC2,)) being provided with:

aground pin (GND) connected to a first end
of a respective secondary current set resis-
tor (R24, R2,,..., R2,)), and

with a current set pin (Rgxt) connected to
a second end of said respective secondary
current set resistor (R24, R2,,..., R2,),

- each secondary direct AC power sup-
ply integrated circuit (IC24, 1C2,,...,
IC2,,) being configured to successively
and sequentially switch in the first LED
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segment (S44), the second LED seg-
ment (S¢p), the third LED segment
(S4¢3) and the fourth LED segment
(S144) and also being configured to suc-
cessively and sequentially switch out
the fourth LED segment (S444), the third
LED segment (S443), the second LED
segment (S442) and the first LED seg-
ment (Sy1),

characterized in that:

- each of the at least one secondary direct AC
power supply integrated circuits (1C24, IC2,....,
1C2,) has: afirstinternal current source connect-
ed to a tap between the first LED segment (S¢)
and the second LED segment (S44,), a second
internal current source connected to a tap be-
tween the second LED segment (S44,) and the
third LED segment (S4s3), a third internal current
source connected to atap between the third LED
segment (Syz)and the fourth LED segment
(S114), afourthinternal currentsource connected
to a tap between the fourth LED segment (Sy;,)
and the circuit element (Z),

- the ground pin (GND) of each of the at least
one secondary direct AC power supply integrat-
ed circuits (1C24, IC2,,...,1C2,) together with the
first end of its respective secondary current set
resistor (R24, R2,,..., R2,)) are connected to-
gether to a tap between the circuit element (Z)
and the fifth LED segment (S,).

LED lighting apparatus driven directly from the public
AC grid, comprising:

- a bridge rectifier (PR) having a first input lead
and a second input lead configured to be Z con-
nected

to a supply voltage (Upg) of the public AC grid,
having a first output lead series connected to an
anode of a series connected LED string, and a
second output lead connected to ground,

- the series connected LED string consist-
ing, in order, of a first LED segment (S44),
a second LED segment (Sy4,), a third LED
segment (S43), a fourth LED segment (S,),
a circuit element (Z), a fifth LED segment
(S3), and a sixth LED segment (S,),

- at least one primary direct AC power supply
integrated circuit (IC14,1C1,,...,1C1,,) for driving
said LED string, each of the at least one primary
direct AC power supply integrated circuits (IC14,
IC1,,..., 1C1,) having: a first internal current
source connected to an anode of afirst LED con-
stituent of the fourth LED segment (S,), a sec-
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ond internal current source connected to an an-
ode of a first LED constituent of the fiftth LED
segment (S3), a third internal current source
connected to an anode of afirst LED constituent
of the sixth LED segment (S,), a fourth internal
current source connected to a cathode of a last
LED constituent of the sixth LED segment (S,),

- each of the at least one primary direct AC
power supply integrated circuit (IC14,
IC1,,..., IC1,) being provided with:

aground pin (GND) connected to a first
end of a respective primary current set
resistor (R14, R1,,..., R1,), and

with a current set pin (Rgxt) connected
to a second end of said respective pri-
mary current set resistor (R14, R1,,...,
R1,),

wherein the ground pin (GND) of each
of the at least one primary direct AC
power supply integrated circuits (IC14,
IC1,,...,1C1,,) together with the first end
of its respective primary current set re-
sistor (R14, R1,,...,

R1,,) are connected to the ground,

- each primary direct AC power supply integrat-
ed circuit (IC14, IC1,,..., IC1,,) being configured
to successively and sequentially switch in the
first three LED segments (S4¢q, S452, Sq13), the
fourth LED segment (S,), the fifth LED segment
(S3) and the sixth LED segment (S,), and also
being configured to successively and sequen-
tially switch out the sixth LED segment (S,), the
fifth LED segment (S3), the fourth LED segment
(S,), and the first three LED segments (Sy¢,
Sit2: Saga),

- at least one secondary direct AC power supply
integrated circuit (IC24, IC2,, ..., 1C2,,) for driving
said LED string, each of the at least one sec-
ondary direct AC power supply integrated cir-
cuits (1C24, IC2,,..., IC2,)) being provided with:

aground pin (GND) connected to a first end
of a respective secondary current set resis-
tor (R24, R2,,..., R2,)), and

with a current set pin (Rgx) connected to
a second end of said respective secondary
current set resistor (R24, R2,,..., R2,)),

- each secondary direct AC power supply inte-
grated circuit (IC24, IC2,,...,1C2,)) being config-
ured to successively and sequentially switch in
the first LED segment (S4¢), the second LED
segment (Syg), the third LED segment (Sq¢3)
and the fourth LED segment (S,) and also being
configured to successively and sequentially
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switch out the fourth LED segment (S,), the third
LED segment (S443), the second LED segment
(S4f2) and the first LED segment (S4g),

characterized in that:

- each of the at least one secondary direct AC
power supply integrated circuits (1C24, 1C2,....,
IC2,) has: afirstinternal current source connect-
ed to a tap between the first LED segment (S¢)
and the second LED segment (S44,), a second
internal current source connected to a tap be-
tween the second LED segment (S44,) and the
third LED segment (S4¢3), a third internal current
source connected to atap between the third LED
segment (S4¢3)and the fourth LED segment (S,),
a fourth internal current source connected to a
tap between the fourth LED segment (S,) and
the circuit element (Z),

- the ground pin (GND) of each of the at least
one secondary direct AC power supply integrat-
ed circuits (1C24, 1C2,,...,1C2,) together with the
first end of its respective secondary current set
resistor (R24, R2,,..., R2,)) are connected to-
gether to a tap between the circuit element (Z)
and the fifth LED segment (S,).

LED lighting apparatus driven directly from the public
AC grid, comprising:

- a bridge rectifier (PR) having a first input lead
and a second input lead configured to be con-
nected

to a supply voltage (Upg) of the public AC grid,
having a first output lead series connected to an
anode of a series connected LED string, and a
second output lead connected to ground,

- the series connected LED string consist-
ing, in order, of a first LED segment (S44),
a second LED segment (Sy¢,), a third LED
segment (S,), a fourth LED segment (S;),
a circuit element (Z), and a fifth LED seg-
ment (S4),

- at least one primary direct AC power supply
integrated circuit (IC14,1C1,,...,1C1,,) for driving
said LED string, each of the at least one primary
direct AC power supply integrated circuits (IC14,
IC1,,..., 1C1,) having: a first internal current
source connected to an anode of afirst LED con-
stituent of the third LED segment (S,), a second
internal current source connected to an anode
of a first LED constituent of the fourth LED seg-
ment (S3), a third internal current source con-
nected to an anode of a first LED constituent of
the fifth LED segment (S), a fourth internal cur-
rent source connected to a cathode of alastLED
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constituent of the fifth LED segment (S,),

- each of the at least one primary direct AC
power supply integrated circuit (IC14,
IC1,,..., IC1,) being provided with:

aground pin (GND) connected to a first
end of a respective primary current set
resistor (R14, R1,,..., R1,), and

with a current set pin (Rgxt) connected
to a second end of said respective pri-
mary current set resistor (R14, R1,,...,
R1,),

wherein the ground pin (GND) of each
of the at least one primary direct AC
power supply integrated circuits (IC14,
IC1,,...,1C1,,) together with the first end
of its respective primary current set re-
sistor (R14, R1,,...,

R1,) are connected to the ground,

- each primary direct AC power supply integrat-
ed circuit (IC14, IC1,,..., IC1,,) being configured
to successively and sequentially switch in the
firsttwo LED segments (S4¢q, S4¢,), the third LED
segment (S,), the fourth LED segment (S3) and
the fifth LED segment (S,), and also being con-
figured to successively and sequentially switch
out the fifth LED segment (S,), the fourth LED
segment (S;), the third LED segment (S,) and
the first two LED segments (S4¢, Sqs2),

- at least one secondary direct AC power supply
integrated circuit (1C24, IC2,, ..., 1C2,,) for driving
said LED string, each of the at least one sec-
ondary direct AC power supply integrated cir-
cuits (1C24, IC2,,..., IC2,)) being provided with:

aground pin (GND) connected to a first end
of a respective secondary current set resis-
tor (R24, R2,,..., R2,), and

with a current set pin (Rgx) connected to
a second end of said respective secondary
current set resistor (R24, R2,,..., R2,)),

- each secondary direct AC power sup-
ply integrated circuit (IC24, 1C2,,...,
IC2,)) being configured to successively
and sequentially switch in the first LED
segment (S44), the second LED seg-
ment (S442), the third LED segment (S5)
and the fourth LED segment (S3), and
also being configured to successively
and sequentially switch out the fourth
LED segment (S3), the third LED seg-
ment (S,), the second LED segment
(S4s2) and the first LED segment (S4¢),

characterized in that:
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- each of the at least one secondary direct AC
power supply integrated circuits (1C24, 1C2,....,
1C2,) has: afirstinternal current source connect-
ed to a tap between the first LED segment (S¢)
and the second LED segment (S44,), a second
internal current source connected to a tap be-
tween the second LED segment (S44,) and the
third LED segment (S,), a third internal current
source connected to atap between the third LED
segment (S,) and the fourth LED segment (S;),
a fourth internal current source connected to a
tap between the fourth LED segment (S3) and
the circuit element (Z),

- the ground pin (GND) of each of the at least
one secondary direct AC power supply integrat-
ed circuits (1C24, 1C2,,...,1C2,) together with the
first end of its respective secondary current set
resistor (R24, R2,,..., R2,) are connected to-
gether to a tap between the circuit element (Z)
and the fifth LED segment (S,).

LED lighting apparatus according to any of the claims
1 - 3, wherein the total number of the primary AC
power supply integrated circuits (IC14, IC1,,...,IC1,))
may differ from the total number of secondary direct
AC power supply integrated circuits (IC2,,
IC2,....IC2,).

LED lighting apparatus according to any of the claims
1 - 4, wherein the circuit element (Z) is a resistor, or
areverse polarized Zener diode, or a forward biased
LED.

Patentanspriiche

LED-Beleuchtungsvorrichtung, welche direkt aus
dem offentlichen Wechselstromnetz gespeist wird
und welche Folgendes umfasst:

- einen Briickengleichrichter (PR) mit einer ers-
ten Eingangszuleitung und einer zweiten Ein-
gangszuleitung, die so konfiguriert sind, dass
sie mit einer Versorgungsspannung (Upg) des
offentlichen Wechselstromnetzes verbunden
sind, mit einer ersten Ausgangszuleitung, die
mit einer Anode einem in Reihe geschalteten
LED-Streifen in Reihe geschaltet ist, und mit ei-
ner zweiten Ausgangszuleitung, die mit Masse
verbunden ist,

- wobei der in Reihe geschaltete LED-Streifen,
in Reihenfolge, aus einem ersten LED-Segment
(S451), einem zweiten LED-Segment (Sy4,), ei-
nem dritten LED-Segment (S43), einem vierten
LED-Segment (S4¢4), einem Schaltungselement
(Z), einem finften LED-Segment (S,), einem
sechsten LED-Segment (S3) und einem siebten
LED-Segment (S,) besteht,
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- mindestens eine integrierte primare direkte
Wechselstromversorgungsschaltung (Ic1,,
IC1,...., IC1,) zum Antreiben des jeweiligen
LED-Streifens, wobei jede der mindestens einer
integrierten primaren direkten Wechselstrom-
versorgungsschaltungen (IC14, IC1,,..., IC1,)
Folgendes aufweist: eine erste interne Strom-
quelle, die mit einer Anode eines ersten LED-
Bestandteils des flinften LED-Segments (S,)
verbunden ist, eine zweite interne Stromquelle,
die mit einer Anode eines ersten LED-Bestand-
teils des sechsten LED-Segments (S3) verbun-
den ist, eine dritte interne Stromquelle, die mit
einer Anode eines ersten LED-Bestandteils des
siebten LED-Segments (S,4) verbunden ist, eine
vierte interne Stromquelle, die miteiner Kathode
eines letzten LED-Bestandteils des siebten
LED-Segments (S,) verbunden ist,

- wobei jede der mindestens einer integrier-
ten primaren direkten Wechselstromversor-
gungsschaltung (IC14, IC1,...., IC1,) Fol-
gendes aufweist:

einen Erdungsstift (GND), der mit ei-
nem ersten Ende eines entsprechen-
den primaren Stromeinstellwider-
stands (R14, R1,,..., R1,)) verbunden
ist, und

einen Stromeinstellstift (Rgyy), der mit
einem zweiten Ende des jeweiligen pri-
maren Stromeinstellwiderstandes
(R14, R1,,..., R1,)) verbunden ist,
wobei der Erdungsstift (GND) jeder der
mindestens einer integrierten primaren
Wechselstromversorgungsschaltun-
gen (IC1,4, IC1,,..., IC1,) zusammen
mit dem ersten Ende ihres jeweiligen
primaren  Stromeinstellwiderstandes
(R14, R1,,..., R1,) mit Masse verbun-
den sind,

- wobei jede integrierte primare Wechsel-
stromversorgungsschaltung (IC14, IC1,,...,
IC1,,) so konfiguriert ist, dass sie nachein-
ander und sequentiell die ersten vier LED-
Segmente (Sq¢4, Sqf2, Sq3. Sq14), das flnfte
LED-Segment (S,), das sechste LED-Seg-
ment (S3) und das siebte LED-Segment
(S4) einschaltet, und auch so konfiguriert
ist, dass sie nacheinander und sequentiell
das siebte LED-Segment (S,), das sechste
LED-Segment (S;), das finfte LED-Seg-
ment (S,) und die ersten vier LED-Segmen-
te (S1¢1> S1r2. S13. S114) ausschaltet,

- mindestens eine integrierte sekundare direkte
Wechselstromversorgungsschaltung (Ic2,,
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IC2,,...,1C2,,), wobei jede der mindestens einer
integrierten sekundaren direkten Wechsel-
stromversorgungsschaltungen (IC24, 1C2,....,
IC2,) Folgendes aufweist:

einen Erdungsstift (GND), der mit einem
ersten Ende eines entsprechenden sekun-
daren Stromeinstellwiderstands (R2,,
R2,,..., R2,)) verbunden ist, und

einen Stromeinstellstift (Rgxt), der mit ei-
nem zweiten Ende des jeweiligen sekunda-
ren Stromeinstellwiderstandes (R2,,
R2,,..., R2,)) verbunden ist,

- wobei jede integrierte sekundare Wech-
selstromversorgungsschaltung (IC2,,
IC2,,..., IC2,)) so konfiguriert ist, dass sie
nacheinander und sequentiell das erste
LED-Segment (S44), das zweite LED-Seg-
ment (S4¢,), das dritte LED-Segment (S443)
und das vierte LED-Segment (S;44) ein-
schaltet, und auch so konfiguriert ist, dass
sie nacheinander und sequentiell das vierte
LED-Segment (S444), das dritte LED-Seg-
ment (S43), das zweite LED-Segment
(S4s2) und das erste LED-Segment (S¢)
ausschaltet,

dadurch gekennzeichnet, dass:

- jede der mindestens einer integrierten se-
kundaren direkten Wechselstromversor-
gungsschaltungen (1C24,1C2,,...,1C2,) Fol-
gendes aufweist: eine erste interne Strom-
quelle, die mit einem Abagriff zwischen dem
ersten LED-Segment (S44) und dem zwei-
ten LED-Segment (S,¢,) verbundenist, eine
zweite interne Stromquelle, die mit einem
Abgriff zwischen dem zweiten LED-Seg-
ment (S44) und dem dritten LED-Segment
(S4¢3) verbunden ist, eine dritte interne
Stromquelle, die mit einem Abgriff zwischen
dem dritten LED-Segment (S,¢3) und dem
vierten LED-Segment (S4¢4) verbunden ist,
eine vierte interne Stromquelle, die mit ei-
nem Abgriff zwischen dem vierten LED-
Segment (S44) und dem Schaltungsele-
ment (Z) verbunden ist,

- wobei der Erdungsstift (GND) jeder der
wenigstens einer integrierten sekundaren
direkten Wechselstromversorgungsschal-
tungen (IC24,1C2,,...,1C2,)) zusammen mit
dem ersten Ende ihres jeweiligen sekunda-
ren Stromeinstellwiderstandes (R2,,
R2,,..., R2,) mit einem Abgriff zwischen
dem Schaltungselement (Z) und dem fiinf-
ten LED-Segment (S,) verbunden sind.

LED-Beleuchtungsvorrichtung, welche direkt aus
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dem offentlichen Wechselstromnetz gespeist wird
und welche Folgendes umfasst:

Ende ihres jeweiligen primaren Stromein-
stellwiderstandes (R14, R1,,..., R1,) mit

- einen Briickengleichrichter (PR) mit einer ers-

Masse verbunden sind,

ten Eingangszuleitung und einer zweiten Ein- % - wobei jede integrierte primare Wechselstrom-
gangszuleitung, die so konfiguriert sind, dass versorgungsschaltung (IC14, IC1,,..., IC1,)) so
sie mit einer Versorgungsspannung (U,g) des konfiguriert ist, dass sie nacheinander und se-
offentlichen Wechselstromnetzes verbunden quentiell die ersten drei LED-Segmente (S44,
sind, mit einer ersten Ausgangszuleitung, die Si2, Sqg3), das vierte LED-Segment (S,), das
mit einer Anode einem in Reihe geschalteten 170 funfte LED-Segment (S3) und das sechste LED-
LED-Streifen in Reihe geschaltet ist, und mit ei- Segment (S,) einschaltet, und auch so konfigu-
ner zweiten Ausgangszuleitung, die mit Masse riert ist, dass sie nacheinander und sequentiell
verbunden ist, das sechste LED-Segment(S,), das fiinfte LED-
Segment(S;), das vierte LED-Segment (S,)und
- wobei der in Reihe geschaltete LED-Strei- 15 die ersten drei LED-Segmente (S4¢1, S452, Sq13)
fen, in Reihenfolge, aus einem ersten LED- ausschaltet,
Segment (S44), einem zweiten LED-Seg- - mindestens eine integrierte sekundare direkte
ment (S44), einem dritten LED-Segment Wechselstromversorgungsschaltung (1Ic2,,
(S4¢3), einem vierten LED-Segment (S,), ei- IC2,,..., IC2,) zum Antreiben des jeweiligen
nem Schaltungselement (Z), einem fiinften 20 LED-Streifens, wobei jede der mindestens einer
LED-Segment (S3) und einem sechsten integrierten sekundaren direkten Wechsel-
LED-Segment (S,) besteht, stromversorgungsschaltungen (IC24, 1C2,....,
IC2,)) Folgendes aufweist:
- mindestens eine integrierte primare direkte
Wechselstromversorgungsschaltung (Ic14, 25 einen Erdungsstift (GND), der mit einem
IC1,...., IC1,) zum Antreiben des jeweiligen ersten Ende eines entsprechenden sekun-
LED-Streifens, wobei jede der mindestens einer daren Stromeinstellwiderstands (R2,,
integrierten primaren direkten Wechselstrom- R2,,..., R2,)) verbunden ist, und
versorgungsschaltungen (IC14, IC1,,..., IC1,) einen Stromeinstellstift (Rgyy), der mit ei-
Folgendes aufweist: eine erste interne Strom- 30 nem zweiten Ende des jeweiligen sekunda-
quelle, die mit einer Anode eines ersten LED- ren Stromeinstellwiderstandes (R24,
Bestandteils des vierten LED-Segments (S,) R2,,..., R2,) verbunden ist,
verbunden ist, eine zweite interne Stromquelle,
die mit einer Anode eines ersten LED-Bestand- - wobei jede integrierte sekundare Wechsel-
teils des funften LED-Segments (S;) verbunden 35 stromversorgungsschaltung (IC2,4, 1C2,,...,
ist, eine dritte interne Stromquelle, die mit einer 1C2,)) so konfiguriert ist, dass sie nacheinander
Anode eines ersten LED-Bestandteils des und sequentiell das erste LED-Segment (Sy¢4),
sechsten LED-Segments (S,4) verbunden ist, ei- das zweite LED-Segment (S44,), das dritte LED-
ne vierte interne Stromquelle, die mit einer Ka- Segment (S453) und das vierte LED-Segment
thode eines letzten LED-Bestandteils des 40 (S,) einschaltet, und auch so konfiguriert ist,
sechsten LED-Segments (S,) verbunden ist, dass sie nacheinander und sequentiell das vier-
- wobei jede der mindestens einer integrierten te LED-Segment (S,), das dritte LED-Segment
primaren direkten Wechselstromversorgungs- (S1443), das zweite LED-Segment (S44,) und das
schaltung (IC14, IC1,...., IC1,,) Folgendes auf- erste LED-Segment (S4¢) ausschaltet,
weist: 45
dadurch gekennzeichnet, dass:
einen Erdungsstift (GND), der mit einem
ersten Ende eines entsprechenden prima- - jede der mindestens einer integrierten sekun-
ren Stromeinstellwiderstands (R14, R1,,..., daren direkten Wechselstromversorgungs-
R1,,) verbunden ist, und 50 schaltungen (IC24, IC2,,..., IC2,)) Folgendes
einen Stromeinstellstift (Rgxy), der mit ei- aufweist: eine erste interne Stromquelle, die mit
nem zweiten Ende des jeweiligen primaren einem Abgriff zwischen dem ersten LED-Seg-
Stromeinstellwiderstandes (R1,, R1,,..., ment (S4¢) und dem zweiten LED-Segment
R1,) verbunden ist, (S452) verbunden ist, eine zweite interne Strom-
55

wobei der Erdungsstift (GND) jeder der min-
destens einer integrierten primaren Wech-
selstromversorgungsschaltungen  (IC14,
IC1,,..., IC1,,) zusammen mit dem ersten

1"

quelle, die miteinem Abgriff zwischen dem zwei-
ten LED-Segment (S4¢,) und dem dritten LED-
Segment (S4¢3) verbunden ist, eine dritte interne
Stromquelle, die mit einem Abgriff zwischen
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dem dritten LED-Segment (S4s3)und dem vier-
ten LED-Segment (S,) verbundenist, eine vierte
interne Stromquelle, die mit einem Abgriff zwi-
schen dem vierten LED-Segment (S,) und dem
Schaltungselement (Z) verbunden ist,

- wobei der Erdungsstift (GND) jeder der we-
nigstens einer integrierten sekundaren direkten
Wechselstromversorgungsschaltungen (1C24,
IC2,,..., 1C2,) zusammen mit dem ersten Ende
ihres jeweiligen sekundaren Stromeinstellwi-
derstandes (R24, R2,,..., R2,)) mit einem Abgriff
zwischen dem Schaltungselement (Z) und dem
finften LED-Segment (S3) verbunden sind.

LED-Beleuchtungsvorrichtung, welche direkt aus
dem offentlichen Wechselstromnetz gespeist wird
und welche Folgendes umfasst:

- einen Briickengleichrichter (PR) mit einer ers-
ten Eingangszuleitung und einer zweiten Ein-
gangszuleitung, die so konfiguriert sind, dass
sie mit einer Versorgungsspannung (Upg) des
offentlichen Wechselstromnetzes verbunden
sind, mit einer ersten Ausgangszuleitung, die
mit einer Anode einem in Reihe geschalteten
LED-Streifen in Reihe geschaltet ist, und mit ei-
ner zweiten Ausgangszuleitung, die mit Masse
verbunden ist,

- wobei der in Reihe geschaltete LED-Strei-
fen, in Reihenfolge, aus einem ersten LED-
Segment (S4¢4), einem zweiten LED-Seg-
ment (Sqs), einem dritten LED-Segment
(S5), einem vierten LED-Segment (S3), ei-
nem Schaltungselement (Z) und einem
finften LED-Segment (S,) besteht,

- mindestens eine integrierte primare direkte
Wechselstromversorgungsschaltung (Ic1,,
IC1,,..., IC1,) zum Antreiben des jeweiligen
LED-Streifens, wobei jede der mindestens einer
integrierten primaren direkten Wechselstrom-
versorgungsschaltungen (IC14, IC1,,..., IC1,))
Folgendes aufweist: eine erste interne Strom-
quelle, die mit einer Anode eines ersten LED-
Bestandteils des dritten LED-Segments (S,)
verbunden ist, eine zweite interne Stromquelle,
die mit einer Anode eines ersten LED-Bestand-
teils des vierten LED-Segments (S3) verbunden
ist, eine dritte interne Stromquelle, die mit einer
Anode eines ersten LED-Bestandteils des fiinf-
ten LED-Segments (S,4) verbundenist, eine vier-
te interne Stromquelle, die mit einer Kathode ei-
nes letzten LED-Bestandteils des sechsten
LED-Segments (S,) verbunden ist,

- wobei jede der mindestens einer integrier-
ten primaren direkten Wechselstromversor-
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gungsschaltung (IC14, IC1,,..., IC1,,) Fol-
gendes aufweist:

einen Erdungsstift (GND), der mit ei-
nem ersten Ende eines entsprechen-
den primaren  Stromeinstellwider-
stands (R14, R1,,..., R1,) verbunden
ist, und

einen Stromeinstellstift (Rgxt), der mit
einem zweiten Ende des jeweiligen pri-
maren Stromeinstellwiderstandes
(R14, R1,,..., R1,) verbunden ist,
wobei der Erdungsstift (GND) jeder der
mindestens einer integrierten primaren
Wechselstromversorgungsschaltun-
gen (IC14, IC1,,..., IC1,) zusammen
mit dem ersten Ende ihres jeweiligen
primaren  Stromeinstellwiderstandes
(R14, R1,,..., R1,) mit Masse verbun-
den sind,

- wobei jede integrierte primare Wechselstrom-
versorgungsschaltung (IC14, IC1,,..., IC1,) so
konfiguriert ist, dass sie nacheinander und se-
quentiell die ersten zwei LED-Segmente (Sq¢4,
S4f), das dritte LED-Segment (S,), das vierte
LED-Segment (S3) und das flinfte LED-Seg-
ment (S,) einschaltet, und auch so konfiguriert
ist, dass sie nacheinander und sequentiell das
finfte LED-Segment (S,), das vierte LED-Seg-
ment (S3), das dritte LED-Segment (S,) und die
ersten zwei LED-Segmente (Sqs, Sqsp) aus-
schaltet,

- mindestens eine integrierte sekundare direkte
Wechselstromversorgungsschaltung (Ic2,,
IC2,,...,1C2,)), wobei jede der mindestens einer
integrierten sekundaren direkten Wechsel-
stromversorgungsschaltung (IC24, 1C2,....,
IC2,) Folgendes aufweist:

einen Erdungsstift (GND), der mit einem
ersten Ende eines entsprechenden sekun-
daren Stromeinstellwiderstands  (R2;,
R2,,..., R2,)) verbunden ist, und

einen Stromeinstellstift (Rgxt), der mit ei-
nem zweiten Ende des jeweiligen sekunda-
ren Stromeinstellwiderstandes (R24,
R2,,..., R2,)) verbunden ist,

- wobei jede integrierte sekundare Wech-
selstromversorgungsschaltung (IC2,,
IC2,.,..., 1C2,) so konfiguriert ist, dass sie
nacheinander und sequentiell das erste
LED-Segment (S44), das zweite LED-Seg-
ment (Sy5), das dritte LED-Segment (S,)
und das vierte LED-Segment (S3) einschal-
tet, und auch so konfiguriert ist, dass sie
nacheinander und sequentiell das vierte
LED-Segment (S;), das dritte LED-Seg-
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ment (S,), das zweite LED-Segment (S;,)
und das erste LED-Segment (S4¢y) aus-
schaltet,

dadurch gekennzeichnet, dass:

- jede der mindestens einer integrierten sekun-
daren direkten Wechselstromversorgungs-
schaltungen (IC24, 1C2,,..., 1C2,) Folgendes
aufweist; eine erste interne Stromquelle, die mit
einem Abgriff zwischen dem ersten LED-Seg-
ment (S4¢) und dem zweiten LED-Segment
(S4sp) verbunden ist, eine zweite interne Strom-
quelle, die miteinem Abgriff zwischen dem zwei-
ten LED-Segment (S4p) und dem dritten LED-
Segment (S,) verbunden ist, eine dritte interne
Stromquelle, die mit einem Abgriff zwischen
dem dritten LED-Segment (S,) und dem vierten
LED-Segment (S3) verbunden ist, eine vierte in-
terne Stromquelle, die mit einem Abgriff zwi-
schen dem vierten LED-Segment (S3) und dem
Schaltungselement (Z) verbunden ist,

- wobei der Erdungsstift (GND) jeder der we-
nigstens einer integrierten sekundaren direkten
Wechselstromversorgungsschaltungen (1C24,
IC2,,..., 1C2,) zusammen mit dem ersten Ende
ihres jeweiligen sekundaren Stromeinstellwi-
derstandes (R24, R2,,..., R2,,) mit einem Abgriff
zwischen dem Schaltungselement (Z) und dem
finften LED-Segment (S,) verbunden sind.

4. LED-Beleuchtungsvorrichtung nach einem der An-
spriiche 1 bis 3, wobei die Gesamtzahl der integrier-
ten primaren direkten Wechselstromversorgungs-
schaltungen (IC1,, IC1,,..., IC1,) von der Gesamt-
zahl der integrierten sekundéaren direkten Wechsel-
stromversorgungsschaltungen (IC2,4, IC2,,..., IC2,))
abweichen kann.

5. LED-Beleuchtungsvorrichtung nach einem der An-
spriiche 1 bis 4, wobei das Schaltungselement (Z)
ein Widerstand, eine sperrpolarisierte Zener-Diode
oder eine in Vorwartsrichtung vorgespannte LED ist.

Revendications

1. Appareil d’éclairage a LED alimenté directement par
le réseau public a courant alternatif, comprenant:

- un pont redresseur (PR) ayant un premier fil
d’entrée et un deuxiéme fil d’entrée configurés
pour étre connectés a une tension d’alimenta-
tion (Upg) du réseau public a courant alternatif,
ayant un premier fil de sortie connecté en série
a une anode d’'une chaine de LED connectée
en série, et un deuxiéme fil de sortie connecté
a la masse,
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-lachaine de LED connectée en série cons-
tituée, dans l'ordre, d’'un premier segment
de LED (S4¢4), d’'un deuxiéeme segment de
LED (S4sp), d'un troisiéme segment de LED
(S4f3), d’'un quatrieme segment de LED
(S4¢4), d’'un élément de circuit (Z), d’un cin-
quieme segmentde LED (S,), d’un sixiéme
segment de LED (S3) et d’'un septiéme seg-
ment de LED (S,),

- au moins un circuit intégreé primaire direct d’ali-
mentation en courant alternatif (IC1,, IC1,,...,
IC1,,) pour I'opération de ladite chaine de LED,
chacun des au moins un circuit intégré primaire
direct d’alimentation en courant alternatif (IC14,
IC1,,..., IC1,,) ayant: une premiére source de
courantinterne connectée aune anoded’un pre-
mier constituant LED du cinquieme segment de
LED (S,), une deuxiéme source de courant in-
terne connectée aune anode d’un premier cons-
tituant LED du sixieme segment de LED (S;),
une troisieme source de courantinterne connec-
tée a une anode d’'un premier constituant LED
du septiéme segment de LED (S,), une quatrié-
me source de courant interne connectée a une
cathode d’un dernier constituant LED du septie-
me segment de LED (S,),

- chacun de I'au moins un circuit intégré pri-
maire direct d’alimentation en courant alter-
natif (IC14, IC1,,..., IC1,,) étant fourni avec:

une broche de masse (GND) connec-
tée a une premiere extrémité d’'une ré-
sistance de réglage de courant primaire
respective (R14, R1,,..., R1,), et

avec une broche de réglage de courant
(RgxT) connectée a une seconde ex-
trémité de ladite résistance de réglage
de courant primaire respective (R1y,
R1,,...,R1,),

dans lequel la broche de masse (GND)
de chacun des au moins un circuit in-
tégré primaire direct d’alimentation en
courant alternatif (IC14, IC1,,...,IC1,)
avec la premiére extrémité de sa résis-
tance de réglage de courant primaire
respective (R14, R1,,..., R1,)) sont re-
liées a la masse,

- chaque circuit intégré primaire direct d’alimen-
tation en courant alternatif (IC14, IC1,,..., 1IC1},)
étant configuré pour commuter successivement
et séquentiellement dans les quatre premiers
segments de LED (S4¢1, Sq2, S1f3, S144), l€ CiN-
quiéme segment de LED (S,), le sixieme seg-
ment de LED (S;) et le septiéme segment de
LED (S,4), et étant également configurés pour
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désactiver successivement et séquentiellement
le septiéme segment de LED (S;), le sixiéme
segment de LED (83), le cinquiéme segment de
LED (S,) et les quatre premiers segments de
LED (S4#1: S1s2» S1g3: S1sa)-

- au moins un circuit intégré secondaire direct
d’alimentation en courant alternatif (1C2,,
IC2,,..., IC2,)) pour I'operation de ladite chaine
de LED, chacun des au moins un circuit intégré
secondaire direct d’alimentation en courant al-
ternatif (1C2,, IC2,,..., IC2,) étant fourni avec:

une broche de masse (GND) connectée a
une premiere extrémité d’'une résistance de
réglage de courant secondaire respective
(R24, R2,,..., R2,), et

avec une broche de réglage de courant
(Rext) connectée a une seconde extrémité
de ladite résistance de réglage de courant
secondaire respective (R24, R2,,..., R2,),

- chaque circuit intégré secondaire di-
rectd’alimentation en courant alternatif
(IC2,, IC2,,..., IC2,) étant configuré
pour commuter successivement et sé-
quentiellement dans le premier seg-
ment de LED (S,4¢), le deuxiéme seg-
ment de LED (Syy,), le troisieme seg-
ment de LED (S43 ) et le quatrieme
segment de LED (S44,) et étant égale-
ment configuré pour désactiver suc-
cessivement et séquentiellement le
quatrieme segment de LED (S;4), le
troisieme segment de LED (Sy¢3), le
deuxiéme segment de LED (S4,) et le
premier segment de LED (S44),

caractérisé en ce que:

- chacun des au moins un circuit intégré secon-
daire direct d’alimentation en courant alternatif
(IC2,, IC2,,..., IC2,)) comporte: une premiere
source de courantinterne connectée a une prise
entre le premier segment de LED (S4¢) et le
deuxiéme segment de LED (S,4,), une deuxié-
me source de courant interne connectée a une
prise entre le deuxieme segment de LED (Sys,)
et le troisieme segment de LED (S4¢3), une troi-
siéme source de courant interne connectée a
une prise entre le troisieme segment de LED
(S4¢3) et le quatrieme segment de LED (S;44),
une quatrieme source de courant interne con-
nectée a une prise entre le quatriéme segment
de LED (S444) et I'élément de circuit (Z),

- la broche de masse (GND) de chacun des au
moins un circuit intégré secondaire direct d’ali-
mentation en courant alternatif (1C24, 1C2,,...,
IC2,,) ainsi que la premiére extrémité de sa ré-
sistance de réglage de courant secondaire res-
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pective (R24, R2,,. .., R2,)) sont connectés en-
semble a une prise entre I'élément de circuit (Z)
et le cinquiéme segment de LED (S,).

2. Appareil d’éclairage a LED alimenté directement par
le réseau public AC, comprenant:

- un pont redresseur (PR) ayant un premier fil
d’entrée et un deuxiéme fil d’entrée configurés
pour étre connectés a une tension d’alimenta-
tion (Uag) du réseau public a courant alternatif,
ayant un premier fil de sortie connecté en série
a une anode d’'une chaine de LED connectée
en série, et un deuxiéme fil de sortie connecté
a la masse,

-lachaine de LED connectée en série cons-
tituée, dans l'ordre, d’'un premier segment
de LED (S4¢), d’'un deuxiéme segment de
LED (S4sp), d'un troisiéme segment de LED
(S43), d’'un quatrieme segment de LED
(S2), d’'un élément de circuit (Z), d’'un cin-
quieme segmentde LED (S3), d’un sixiéme
segment de LED (S,),

- au moins un circuit intégreé primaire direct d’ali-
mentation en courant alternatif (IC14, IC1,....,
1C1,,) pour l'opération de ladite chaine de LED,
chacun des au moins un circuit intégré primaire
direct d'alimentation en courant alternatif (IC1,,
IC1,,..., IC1,,) ayant: une premiére source de
courant interne connectée a une anode d’une
premiere constituant LED du quatrieme seg-
mentde LED (S,), une deuxiéme source de cou-
rantinterne connectée a une anode d’'un premier
constituant LED du cinquiéme segmentde LED
(S3), une troisieme source de courant interne
connectée aune anode d’un premier constituant
LED du sixiéme segment de LED (S,), une qua-
trieme source de courant interne connectée a
une cathode d’'un dernier constituant LED du
sixieme segment de LED (S,),

- chacun des au moins un circuit intégré primaire
direct d’alimentation en courant alternatif (1C14,
IC1,,..., IC1,)) étant fourni avec:

une broche de masse (GND) connectée a
une premiére extrémité d’'une résistance de
réglage de courant primaire respective
(R14, R15,..., R1,), et

avec une broche de réglage de courant
(Rgxt) connectée a une seconde extrémité
de ladite résistance de réglage de courant
primaire respective (R14, R1,,..., R1,),
dans lequel la broche de masse (GND) de
chacun des au moins un circuit intégré pri-
maire direct d’alimentation en courant alter-
natif (IC14, IC1,,..., IC1,) ainsi que la pre-
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miére extrémité de sarésistance de réglage
de courant primaire respective (R1y4,
R1,.. .., R1,) sont reliés a la masse,

- chaque circuit intégré primaire direct d’alimen-
tation en courant alternatif (IC1,, IC1,,..., 1C1,))
étant configuré pour commuter successivement
etséquentiellement dans les trois premiers seg-
ments de LED (S4¢1, Sqs2, Sq¢3), le quatriéme
segment de LED (S,), le cinquiéme segment de
LED (S3) et le sixieme segment de LED (S,), et
étantégalementconfigurés pour désactiver suc-
cessivement et séquentiellement le sixieme
segment de LED (S,), le cinquiéme segment de
LED (S;), le quatrieme segment de LED (S,) et
les trois premiers segments de LED (S4¢, Ss2,
Sig3),

- au moins un circuit intégré secondaire direct
d’alimentation en courant alternatif (1C24,
IC2,,..., IC2,)) pour I'opération de ladite chaine
de LED, chacun des au moins un circuit intégré
secondaire direct d’alimentation en courant al-
ternatif (1C2,, IC2,,..., IC2,) étant fourni avec:

une broche de masse (GND) connectée a
une premiere extrémité d’'une résistance de
réglage de courant secondaire respective
(R24, R2,,..., R2,), et

avec une broche de réglage de courant
(Rext) connectée a une seconde extrémité
de ladite résistance de réglage de courant
secondaire respective (R24, R2,,..., R2,),

- chaque circuit intégré secondaire direct d’ali-
mentation en courant alternatif (IC2,, 1C2,,...,
IC2,)) étant configuré pour commuter successi-
vement et séquentiellement dans le premier
segment de LED (S44), le deuxiéeme segment
de LED (S44,), le troisitme segment de LED
(S4¢3 ) et le quatrieme segment de LED (S,) et
étant également configuré pour désactiver suc-
cessivement et séquentiellement le quatrieme
segment de LED (S,), le troisieme segment de
LED (S443), le deuxieme segment de LED (S44,)
et le premier segment de LED (S444),

caractérisé en ce que:

- chacun des au moins un circuit intégré secon-
daire direct d’alimentation en courant alternatif
(IC2,, IC2,,..., IC2,)) comporte: une premiére
source de courantinterne connectée a une prise
entre le premier segment de LED (S44) et le
deuxieme segment de LED ( S,4,), une deuxie-
me source de courant interne connectée a une
prise entre le deuxieme segment de LED (Sys,)
et le troisieme segment de LED (S¢3), une troi-
siéme source de courant interne connectée a
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une prise entre le troisieme segment de LED
(S443) et le quatrieme segment de LED (S,), une
quatrieme source de courant interne connectée
a une prise entre le quatriéme segment de LED
(S5) et I'élément de circuit (Z),

- la broche de masse (GND) de chacun des au
moins un circuit intégré secondaire direct d’ali-
mentation en courant alternatif (IC24, 1C2,....,
IC2,,) ainsi que la premiére extrémité de sa ré-
sistance de réglage de courant secondaire res-
pective (R24, R2,,. .., R2,)) sont connectées en-
semble a une prise entre I'élément de circuit (Z)
et le cinquiéme segment de LED (S3).

3. Appareil d’éclairage a LED alimenté directement par
le réseau public AC, comprenant:

- un pont redresseur (PR) ayant un premier fil
d’entrée et un deuxiéme fil d’entrée configurés
pour étre connectés a une tension d’alimenta-
tion (Uag) du réseau public a courant alternatif,
ayant un premier fil de sortie connecté en série
a une anode d’'une chaine de LED connectée
en série, et un deuxiéme fil de sortie connecté
a la masse,

-lachaine de LED connectée en série cons-
tituée, dans l'ordre, d’'un premier segment
de LED (S4¢), d’'un deuxiéme segment de
LED (S4¢,), d'un troisiéme segment de LED
(S5), d’'un quatrieme segment de LED (S5),
d’un élément de circuit (Z), d’'un cinquieme
segment de LED (S,),

- au moins un circuit intégreé primaire direct d’ali-
mentation en courant alternatif (IC14, IC1,,...,
1C1,,) pour l'opération de ladite chaine de LED,
chacun des au moins un circuit intégré primaire
direct d’alimentation en courant alternatif (IC14,
IC1,,..., IC1,,) ayant: une premiére source de
courantinterne connectée aune anoded’un pre-
mier constituant LED du troisieme segment de
LED (S,), une deuxiéme source de courant in-
terne connectée aune anode d’un premier cons-
tituant LED du quatrieme segment de LED (S;),
une troisieme source de courantinterne connec-
tée a une anode d’'un premier constituant LED
du cinquieme segment de LED (S,), une qua-
trieme source de courant interne connectée a
une cathode d'un dernier constituant LED du
cinquieme segment de LED (S,),

- chacun des au moins un circuit intégré pri-
maire direct d’alimentation en courant alter-
natif (IC14, IC1,,..., IC1,,) étant fourni avec:

une broche de masse (GND) connec-
tée a une premiere extrémité d’'une ré-
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sistance de réglage de courant primaire
respective (R14, R1,,..., R1,), et

une broche de réglage de courant
(RexT) connectée & une seconde ex-
trémité de ladite résistance de réglage
de courant primaire respective (R14,
R1,,..., R1,),

dans lequel la broche de masse (GND)
de chacun des au moins un circuit in-
tégré primaire direct d’alimentation en
courant alternatif (IC14, IC1,,..., IC1,))
ainsi que la premiére extrémité de sa
résistance de réglage de courant pri-
maire respective (R14, R1,,. .., R1,)
sont reliées a la masse,

- chaque circuit intégré primaire direct d’alimen-
tation en courant alternatif (IC1,, IC1,,..., 1C1,))
étant configuré pour commuter successivement
et séquentiellement dans les deux premiers
segments de LED (S4¢, Sy1p), le troisiéme seg-
mentde LED (S,), le quatrieme segmentde LED
(S3) et le cinquiéme segment de LED (S,), et
étantégalementconfigurés pour désactiver suc-
cessivement et séquentiellement le cinquiéme
segment de LED (S,), le quatrieme segment de
LED (S3), le troisiéme segment de LED (S,) et
les deux premiers segments de LED (S4¢4, S12),
- au moins un circuit intégré secondaire direct
d’alimentation en courant alternatif (1C24,
IC2,,..., IC2,)) pour I'opération de ladite chaine
de LED, chacun des au moins un circuit intégré
secondaire direct d’alimentation en courant al-
ternatif (1C24, 1C2,,..., IC2,,) étant fourni avec:

une broche de masse (GND) connectée a
une premiére extrémité d’une résistance de
réglage de courant secondaire respective
(R24, R2,,..., R2,)), et avec une broche de
réglage de courant (Rgxt) connectée a une
seconde extrémité de ladite résistance de
réglage de courant secondaire respective
(R24, R2,,..., R2,),

- chaque circuit intégré secondaire direct
d’alimentation en courant alternatif (IC2,,
IC2,,...,1C2,,) étant configuré pour commu-
ter successivement et séquentiellement
dans le premier segment de LED (S,4), le
deuxieme segment de LED (Sys,), le troi-
sieme segment de LED (S, ), le quatriéme
segment de LED (S3) et étant également
configuré pour désactiver successivement
et séquentiellement le quatrieme segment
de LED (8;), le troisiéme segment de LED
(S3), le deuxiéme segment de LED (S44,) et
le premier segment de LED (S4¢),

caractérisé en ce que:
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- chacun des au moins un circuit intégré secon-
daire direct d’alimentation en courant alternatif
(IC24, IC2,,..., IC2,)) comporte: une premiére
source de courantinterne connectée a une prise
entre le premier segment de LED (S,4) et le
deuxiéme segment de LED (Sy44,), une deuxie-
me source de courant interne connectée a une
prise entre le deuxiéme segment de LED (S44,)
et le troisieme segment de LED (S,), une troi-
siéme source de courant interne connectée a
une prise entre le troisieme segment de LED
(S,) et le quatrieme segment de LED (S3), une
quatrieme source de courant interne connectée
a une prise entre le quatriéme segment de LED
(S3) et I'élément de circuit (Z),

- la broche de masse (GND) de chacun des au
moins un circuit intégré secondaire direct d’ali-
mentation en courant alternatif (1C2,, I1C2,,...,
IC2,)) ainsi que la premiére extrémité de sa ré-
sistance de réglage de courant secondaire res-
pective (R24, R2,,. .., R2,) sont connectées en-
semble a une prise entre I'élément de circuit (Z)
et le cinquiéme segment de LED (S,).

Appareil d’éclairage a LED selon I'une quelconque
des revendications 1 a 3, dans lequel le nombre total
de circuits intégrés primaires d’alimentation en cou-
rant alternatif (IC14, IC1,,..., IC1,,) peut différer du
nombre total de circuits intégrés secondaires direc-
tes dalimentation en courant alternatif (IC2,,
IC2,,...,1C2,).

Appareil d’éclairage a LED selon I'une quelconque
des revendications 1 a 4, dans lequel I'élément de
circuit (Z) est une résistance, ou une diode Zener a
polarisation inverse, ou une LED polarisée en direct.
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