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DESCRIPTION
FIELD OF THE INVENTION

[0001] The invention relates to a driver circuit for driving a load, the load comprising at least 
one light emitting diode. The invention further relates to a device.

[0002] Examples of such a device are fluorescent ballasts and lamps and parts thereof.

BACKGROUND OF THE INVENTION

[0003] US 2010 I 0102737 A1 discloses a device for supplying power to light emitting diodes. 
This device is relatively inefficient and suffers from relatively large power losses.

[0004] EP 2 469 984 discloses a LED retrofit system.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide an improved driver circuit. It is a further object 
of the invention to provide an improved device.

[0006] According to a first aspect, a driver circuit is provided for driving a load, the load 
comprising at least one light emitting diode, the driver circuit comprising

• a rectifier for exchanging a first current signal with a fluorescent ballast and for supplying 
a second current signal to the load,

• a switch circuit coupled to or forming part of the rectifier for controlling an amount of 
power supplied to the load, and

• a controller for controlling the switch circuit, a switching frequency of the switch circuit 
being equal to or lower than twice a frequency of the first current signal, the fluorescent 
ballast comprising an active electronic ballast, the controller being arranged to 
synchronize the switching frequency of the switch circuit and a switching frequency of 
the active electronic ballast that is equal to the frequency of the first current signal.

[0007] The fluorescent ballast comprises an active electronic ballast. The first current signal is 
an alternating-current (AC) current signal, and the second current signal is a direct-current 
(DC) current signal. The switch circuit controls the amount of power supplied to the load, for 
example by shunting the first and/or second current signals and/or parts thereof.
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[0008] By having introduced the controller for controlling the switch circuit, which controller is 
arranged to define the switching frequency of the switch circuit as being equal to or lower than 
twice the frequency of the first current signal, compared to the device disclosed in US 2010 I 
0102737 A1, power losses are reduced much, owing to the fact that in US 2010 I 0102737 A1 
the switches are operated at a frequency much higher than the frequency of the first current 
signal. Further, compared to the device disclosed in US 2010 I 0102737 A1, a 
disadvantageous branch switch coupled serially to the load is avoided. Synchronization of the 
switching frequency of the switch circuit and the switching frequency of the active electronic 
ballast, compared to non-synchronization, reduces interference.

[0009] At least one light emitting diode comprises one or more light emitting diodes of 
whatever kind and in whatever combination.

[0010] An embodiment of the driver circuit is defined by the rectifier comprising a bridge, input 
terminals of the bridge being arranged to be coupled to output terminals of the fluorescent 
ballast, and output terminals of the bridge being arranged to be coupled to input terminals of 
the load. A rectifier bridge converts the AC current signal into the DC current signal in an 
advantageously symmetrical way.

[0011] An embodiment of the driver circuit is defined by the switch circuit comprising a switch, 
the bridge comprising four diode elements, and main contacts of the switch being coupled to 
the output terminals of the bridge. This embodiment of the driver circuit is advantageous in that 
its switch circuit only requires one switch. However, to avoid that a capacitor coupled in parallel 
to the load is discharged via this switch in case it is in a conducting state, a diode element 
needs to be added between the switch and the load, which diode element will increase a power 
loss of the driver circuit to a small extent. By increasing a conducting time of the switch and by 
decreasing a non-conducting time of the switch, the amount of power supplied to the load is 
decreased, and vice versa.

[0012] An embodiment of the driver circuit is defined by the switch circuit comprising first and 
second switches, the bridge comprising first and second diode elements and the first and 
second switches, a first input terminal of the bridge being coupled via the first diode element to 
a first output terminal of the bridge and being coupled via the second diode element to a 
second output terminal of the bridge, main contacts of the first switch being coupled to a 
second input terminal and the first output terminal of the bridge, and main contacts of the 
second switch being coupled to the second input terminal and the second output terminal of 
the bridge. This embodiment of the driver circuit is advantageous in that, compared to the 
previous embodiment, a power loss in the rectifier bridge is reduced. Both switches need to be 
controlled in an anti-phase way, to avoid that a capacitor coupled in parallel to the load is 
discharged via these switches in case they are in a conducting state simultaneously. By 
increasing a phase-shift between a control of the switches on the one hand and the first 
current signal on the other hand, the amount of power supplied to the load is decreased, and 
vice versa. Here, the parasitic diode of each switch plays an important role in that the two 
diode elements and the two parasitic diodes together represent a conventional rectifier bridge.
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[0013] An embodiment of the driver circuit is defined by the switch circuit comprising first and 
second switches, the bridge comprising first and second diode elements and the first and 
second switches, a first input terminal of the bridge being coupled via the first diode element to 
a first output terminal of the bridge, a second input terminal of the bridge being coupled via the 
second diode element to the first output terminal of the bridge, main contacts of the first switch 
being coupled to the first input terminal and a second output terminal of the bridge, and main 
contacts of the second switch being coupled to the second input terminal and the second 
output terminal of the bridge. This embodiment of the driver circuit is advantageous in that, 
compared to the previous embodiment, both switches are at the same voltage level. Both 
switches may be controlled without a phase-shift being present between their controls, but to 
reduce an efficiency loss they should be controlled with a phase-shift being present between 
their controls. By increasing an overlap in time of their conducting states, the amount of power 
supplied to the load is decreased, and vice versa. Here, the parasitic diode of each switch 
plays again an important role.

[0014] An embodiment of the driver circuit is defined by the switch circuit comprising first and 
second switches, the bridge comprising four diode elements, first main contacts of the first and 
second switches being coupled to the input terminals of the bridge, and second main contacts 
of the first and second switches being coupled to each other. This embodiment of the driver 
circuit is relatively identical to the previous embodiment. Both switches are here controlled via 
one and the same control signal. In case the second main contacts of the first and second 
switches are coupled to ground, this embodiment and the previous embodiment function 
identically.

[0015] An embodiment of the driver circuit is defined by further comprising

• a detuning circuit for matching an output impedance of the fluorescent ballast and an 
input impedance of the rectifier. This embodiment of the driver circuit is advantageous in 
that the detuning circuit not only matches impedances but also filters switching signals 
and reduces electromagnetic interference.

[0016] An embodiment of the driver circuit is defined by the detuning circuit comprising an 
inductor with a first side coupled to a first input terminal of the rectifier and with a second side 
arranged to be coupled to an output terminal of the fluorescent ballast, and further comprising 
a capacitor with a first side coupled to the second side of the inductor and with a second side 
coupled to a second input terminal of the rectifier. In a minimum situation, only the inductor is 
present. To improve the situation, the capacitor is to be added, always at the side of the 
fluorescent ballast. This detuning circuit is relatively simple and low cost and robust.

[0017] An embodiment of the driver circuit is defined by further comprising

• a start-up circuit for increasing an impedance at an input terminal of the rectifier at start­
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up. This embodiment of the driver circuit is advantageous in that it improves a 
performance of the fluorescent ballast. The start-up circuit increases the impedance at 
the input terminal of the rectifier at start-up. Certain fluorescent ballasts such as certain 
active electronic ballasts prefer a relatively high impedance at their outputs to start-up. 
The start-up circuit may increase the impedance at the input terminal of the rectifier 
directly, or indirectly via the detuning circuit.

[0018] An embodiment of the driver circuit is defined by the start-up circuit comprising a 
parallel connection of a capacitor and a switch, a first side of the parallel connection being 
coupled to a first input terminal of the rectifier and a second side of the parallel connection 
being arranged to be coupled to an output terminal of the fluorescent ballast, the switch being 
in a non-conducting state at start-up and being brought into a conducting state after an elapse 
of a time-interval. The time-interval is for example determined by measuring an amplitude of a 
current signal flowing through the capacitor and comparing the measured amplitude with a 
threshold. As soon as the threshold is exceeded, the time-interval has elapsed. This start-up 
circuit is relatively simple and low cost and robust.

[0019] An embodiment of the driver circuit is defined by further comprising

• a current sensor for informing the controller about an amplitude of a current signal 
flowing through the load. This embodiment of the driver circuit is advantageous in that 
the feedback improves a performance of the driver circuit.

[0020] An embodiment of the driver circuit is defined by further comprising

• a voltage sensor for informing the controller about an amplitude of a voltage signal 
present across the load. This embodiment of the driver circuit is advantageous in that 
the feedback improves a performance of the driver circuit.

[0021] An embodiment of the driver circuit is defined by the switch circuit comprising one 
switch or two switches that are controlled via one and the same control signal, the switching 
frequency of each switch being equal to twice the frequency of the first current signal, or the 
switch circuit comprising two switches that are controlled via different control signals, the 
switching frequency of each switch being equal to the frequency of the first current signal

[0022] . This embodiment of the driver circuit is advantageous in that said synchronization, 
compared to non-synchronization, reduces interference. Especially when several loads each 
comprising one or more light emitting diodes are present in a room, the synchronization 
provides an
important advantage. The frequency of the first current signal is equal to the switching 
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frequency of the active electronic ballast. In a first case when the switch circuit consists of one 
switch or of two switches that are controlled via one and the same control signal, the switching 
frequency of each switch should be equal to twice the frequency of the first current signal, to 
get synchronization. In this first case, each switch is then controlled twice per period of the first 
current signal. In a second case when the switch circuit consists of two switches that are 
controlled via different control signals, the switching frequency of each switch should be equal 
to the frequency of the first current signal, to get synchronization. In this second case, each 
switch in then controlled once per period of the first current signal, whereby the two switches 
are being controlled individually per period.

[0023] An embodiment of the driver circuit is defined by further comprising

• a detector for informing the controller about a zero crossing in the first current signal. 
This detector can be relatively simple and low cost and robust.

[0024] A diode element for example comprises a diode or several diodes or a zener diode or a 
transistor or a part thereof. A switch for example comprises a bipolar transistor or a field effect 
transistor. The detuning circuit and the start-up circuit and the current sensor and the voltage 
sensor and the synchronization improve a performance of the driver circuit for the switching 
frequency of the switch circuit being equal to or lower than twice the frequency of the first 
current signal, but do not necessarily require this switching frequency of the switch circuit to be 
equal to or lower than twice the frequency of the first current signal.

[0025] According to a second aspect, a device is provided comprising the driver and further 
comprising the electronic ballast and/or the light emitting diode circuit.

[0026] An insight is that relatively high switching frequencies of switch circuits in driver circuits 
are to be avoided. A basic idea is that the switching frequency of the switch circuit should be 
equal to or lower than twice the frequency of the first current signal, when lower then for 
example at most 50% of the frequency of the first current signal, preferably at most 20% of the 
frequency of the first current signal, further preferably at most 10% of the frequency of the first 
current signal.

[0027] A problem to provide an improved driver circuit has been solved. A further advantage is 
that the driver circuit is relatively efficient and avoids a branch switch coupled serially to the 
load.

[0028] These and other aspects of the invention will be apparent from and elucidated with 
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0029] In the drawings:

Fig. 1
shows a first embodiment of a driver circuit,

Fig. 2
shows a second embodiment of a driver circuit,

Fig. 3
shows a third embodiment of a driver circuit,,

Fig. 4
shows a fourth embodiment of a driver circuit,

Fig. 5
shows a detuning circuit,

Fig. 6
shows a start-up circuit,

Fig. 7
shows a fifth embodiment of a driver circuit,

Fig. 8
shows first signals,

Fig. 9
shows first waveforms,

Fig. 10
shows second waveforms,

Fig. 11
shows third waveforms,

Fig. 12
shows fourth waveforms,

Fig. 13
shows fifth waveforms,

Fig. 14
shows a power versus duty cycle graph,

Fig. 15
shows second signals, and

Fig. 16
shows third signals.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] In the Fig. 1, a first embodiment of a driver circuit 1 for driving a load 2 is shown. The 
load 2 comprises one or more light emitting diodes of whatever kind and in whatever 
combination. The driver circuit 1 comprises a rectifier 11-14 for exchanging a first current 
signal with a fluorescent ballast 3 and for supplying a second current signal to the load 2. The 
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rectifier 11-14 comprises a bridge. The bridge comprises four diode elements 11-14. Input 
terminals of the bridge are arranged to be coupled to output terminals of the fluorescent ballast 
3, and output terminals of the bridge are arranged to be coupled to input terminals of the load
2. The driver circuit 1 further comprises a switch 21 for controlling an amount of power 
supplied to the load 2. Thereto, main contacts of the switch 21 are coupled to the output 
terminals of the bridge. The driver circuit 1 further comprises a controller 31 for controlling the 
switch 21 such that a switching frequency of the switch 21 is equal to or lower than twice a 
frequency of the first current signal.

[0031] For a fluorescent ballast 3 in the form of an active electronic ballast, a frequency of the 
first current signal could be 100 kHz or 40 kHz respectively, and a switching frequency of the 
switch 21 should be < 200 kHz or < 80 kHz respectively, for example 10 kHz or 4 kHz 
respectively, or 5 kHz or 1 kHz respectively etc.

[0032] A first main contact of the switch 21 is to be coupled via a diode element 33 to a first 
input terminal of the load 2, to avoid that a capacitor 32 coupled in parallel to the load 2 is 
discharged via the switch 21 in case it is in a conducting state. The capacitor 32 provides 
power to the load 2 during a conducting state of the switch 21, and is charged during a non­
conducting state of the switch 21. The capacitor 32 further reduces a ripple of the second 
current signal. By increasing a conducting time of the switch 21 and by decreasing a non­
conducting time of the switch 21, the amount of power supplied to the load 2 is decreased, and 
vice versa.

[0033] In the Fig. 2, a second embodiment of a driver circuit for driving a load 2 is shown. 
Here, the bridge comprises first and second diode elements 11, 12 and first and second 
switches 22, 23. A first input terminal of the bridge is coupled via the first diode element 11 to a 
first output terminal of the bridge and is coupled via the second diode element 12 to a second 
output terminal of the bridge. Main contacts of the first switch 22 are coupled to a second input 
terminal and the first output terminal of the bridge. Main contacts of the second switch 23 are 
coupled to the second input terminal and the second output terminal of the bridge. The driver 
circuit 1 further comprises a controller 31 for controlling the switches 22, 23 such that a 
switching frequency of each one of the switches 22, 23 is equal to or lower than a frequency of 
the first current signal.

[0034] Both switches 22, 23 need to be controlled in an anti-phase way, to avoid that the 
capacitor 32 coupled in parallel to the load 2 is discharged via these switches 22, 23 in case 
they would be in a conducting state simultaneously. By increasing a phase-shift between a 
control of the switches 22, 23 on the one hand and the first current signal on the other hand, 
the amount of power supplied to the load 2 is decreased, and vice versa. Here, the parasitic 
diode of each switch 22, 23 plays an important role in that the two diode elements 11,12 and 
the two parasitic diodes together represent a conventional rectifier bridge.

[0035] In the Fig. 3, a third embodiment of a driver circuit for driving a load 2 is shown. Here, 
the bridge comprises first and second diode elements 11,13 and first and second switches 24, 
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25. A first input terminal of the bridge is coupled via the first diode element 11 to a first output 
terminal of the bridge. A second input terminal of the bridge is coupled via the second diode 
element 13 to the first output terminal of the bridge. Main contacts of the first switch 24 are 
coupled to the first input terminal and a second output terminal of the bridge. Main contacts of 
the second switch 25 are coupled to the second input terminal and the second output terminal 
of the bridge. The controller 31 controls the switches 24, 25 such that a switching frequency of 
each one of the switches 24, 25 is equal to or lower than a frequency of the first current signal.

[0036] Compared to the second embodiment, in the third embodiment both switches 24, 25 
are at the same voltage level. Both switches 24, 25 may be controlled without a phase-shift 
being present between their controls, but to reduce an efficiency loss they should be controlled 
with a phase-shift being present between their controls. By increasing an overlap in time of 
their conducting states, the amount of power supplied to the load 2 is decreased, and vice 
versa. Here, the parasitic diode of each switch 24, 25 plays again an important role in that the 
two diode elements 11, 13 and the two parasitic diodes together represent a conventional 
rectifier bridge.

[0037] In the Fig. 4, a fourth embodiment of a driver circuit for driving a load 2 is shown. Here, 
the bridge comprises four diode elements 11-14. The driver circuit 1 comprises first and 
second switches 26, 27. First main contacts of the first and second switches 26, 27 are 
coupled to the input terminals of the bridge. Second main contacts of the first and second 
switches 26, 27 are coupled to each other.

[0038] Both switches 26, 27 are here controlled via one and the same control signal. In case 
the second main contacts of the first and second switches 26, 27 are coupled to ground, just 
like the anodes of the diode elements 12, 14, this fourth embodiment and the third 
embodiment function identically. However, here the controller 31 controls the switches 26, 27 
such that a switching frequency of each one of the switches 26, 27 is equal to or lower than 
twice a frequency of the first current signal.

[0039] In the Fig. 5, a detuning circuit 4 for matching an output impedance of the fluorescent 
ballast 3 and an input impedance of the rectifier is shown. Here, the detuning circuit 4 is shown 
as a separate circuit between the fluorescent ballast 3 and the driver circuit 1, but it may 
alternatively form part of the fluorescent ballast 3 or the driver circuit 1. Preferably, the 
detuning circuit 4 comprises an inductor 41 with a first side coupled to a first input terminal of 
the rectifier and with a second side arranged to be coupled to an output terminal of the 
fluorescent ballast 3, and may further comprises a capacitor 42 with a first side coupled to the 
second side of the inductor 41 and with a second side coupled to a second input terminal of 
the rectifier.

[0040] In the Fig. 6, a start-up circuit 5 for increasing an impedance at an input terminal of the 
rectifier at start-up is shown. Here, the start-up circuit 5 is shown as a separate circuit between 
the fluorescent ballast 3 and the driver circuit 1, but it may alternatively form part of the 
fluorescent ballast 3 or the driver circuit 1. Preferably, the start-up circuit 5 comprises a parallel 
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connection of a capacitor 51 and a switch 52. A first side of the parallel connection is coupled 
to a first input terminal of the rectifier and a second side of the parallel connection is arranged 
to be coupled to an output terminal of the fluorescent ballast 3. The switch 52 is in a non­
conducting state at start-up and is brought into a conducting state after an elapse of a time­
interval. The time-interval is for example determined by measuring an amplitude of a current 
signal flowing through the capacitor 51 and comparing the measured amplitude with a 
threshold. As soon as the threshold is exceeded, the time-interval has elapsed and the switch 
is brought into a conducting state.

[0041] In case the detuning circuit 4 and the start-up circuit 5 are used in combination, usually 
input terminals of the start-up circuit 5 are to be coupled to output terminals of the fluorescent 
ballast 3 and output terminals of the start-up circuit 5 are to be coupled to input terminals of the 
detuning circuit 4 and output terminals of the detuning circuit 4 are to be coupled to input 
terminals of the driver circuit 1.

[0042] In the Fig. 7, a fifth embodiment of a driver circuit 1 is shown. This fifth embodiment is 
based on the first embodiment shown in the Fig. 1, that has been extended with:

1. A) A current sensor 6 for informing the controller 31 about an amplitude of a current 
signal flowing through the load 2. A simple embodiment of such a current sensor 6 is a 
resistor. The voltage signal present across the resistor represents and gives an 
indication of the current signal flowing through the resistor, and, in case the resistor and 
the load 2 are coupled serially, of the current signal flowing through the load 2. Other 
embodiments of the current sensor 6 are not to be excluded.

2. B) A voltage sensor 7 for informing the controller 31 about an amplitude of a voltage 
signal present across the load 2. A simple embodiment of such a voltage sensor 7 is a 
serial connection of two resistors, the serial connection being connected in parallel to the 
load 2. The voltage signal present across one of the two resistors (usually the one that is 
grounded) represents and gives an indication of the voltage signal present across the 
serial connection, and, in case the serial connection and the load 2 are coupled in 
parallel, of the voltage signal present across the load 2. Other embodiments of the 
voltage sensor 7 are not to be excluded.

3. C) A synchronization of the switching frequency of the switch 21 and the switching 
frequency of the fluorescent ballast 3 in the form of an active electronic ballast. Usually, 
the controller 31 will take care of such a synchronization, for example in response to 
information coming from a detector 8 for informing the controller 31 about a zero 
crossing in the first current signal.

4. D) A power supply 34 for supplying the controller 31. Thereto, the power supply 34 
derives a relatively stable voltage from the cathodes of the diode elements 11, 13.

5. E) Agate driver 35 for driving the gate of the switch 21. Thereto, the gate driver 35 is 
powered via the power supply 34 and is informed via the controller 31.

[0043] The features A), B), C), D) and E) may further be introduced into the second, third and
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fourth embodiments.

[0044] In the Fig. 8, first signals are shown. The upper signal shows an input voltage signal 
present across an input of the driver circuit 1 and the lower signal shows a control signal for 
the switch 21. When the switch 21 is in a conducting state, the input voltage signal is zero, 
owing to the fact that the second current signal is shunted. When the switch 21 is in a non­
conducting state, the input voltage signal is a switched signal at the switching frequency of the 
fluorescent ballast. Clearly, this switching frequency of the fluorescent ballast is much higher 
than half the switching frequency of the switch 21.

[0045] In the Fig. 9, first waveforms are shown, for the switch 21 being in a conducting state, 
switching frequency of the switch 21 being 1 kHz, duty cycle 0.5. Upper waveform: Control 
voltage signal for the switch 21. Middle waveform: Voltage signal at a middle terminal of the 
rectifier. Lower waveform: First current signal.

[0046] In the Fig. 10, second waveforms are shown, for the switch 21 being in a non­
conducting state, switching frequency of the switch 21 being 1 kHz, duty cycle 0.5. Upper 
waveform: Control voltage signal for the switch 21. Middle waveform: Voltage signal at a 
middle terminal of the rectifier. Lower waveform: First current signal.

[0047] In the Fig. 11, third waveforms are shown, for the switch 21 going from a conducting 
state to in a non-conducting state, switching frequency of the switch 21 being 1 kHz, duty cycle 
0.5. Upper waveform: Control voltage signal for the switch 21. Middle waveform: Voltage signal 
at a middle terminal of the rectifier. Lower waveform: First current signal.

[0048] In the Fig. 12, fourth waveforms are shown, for the switch 21 going from a conducting 
state to in a non-conducting state, switching frequency of the switch 21 being 1 kHz, duty cycle 
0.5, but now for an enlarged time scale. Upper waveform: Control voltage signal for the switch 
21. Middle waveform: Voltage signal at a middle terminal of the rectifier. Lower waveform: First 
current signal.

[0049] In the Fig. 13, fifth waveforms are shown, for the switch 21 having a switching 
frequency of 1 kHz, duty cycle 0.5. Upper waveform: Control voltage signal for the switch 21. 
Second waveform: Voltage signal present across an input of the driver circuit 1. Third 
waveform: First current signal. Lower waveform: Current signal flowing through the load 2.

[0050] In the Fig. 14, a power versus duty cycle graph is shown. For an increasing duty cycle 
of the switch 21, the amount of power supplied to the load 2 is reduced.

[0051] In the Fig. 15, second signals are shown, for the switch 21 having a switching frequency 
that is synchronized with the switching frequency of the fluorescent ballast (in an inductive 
way). The upper signal shows one high-frequency cycle of the first current signal that flows 
through an input of the driver circuit 1. The middle signal shows a control signal for the switch 
21. The lower signal shows a voltage signal present across the input of the driver circuit 1.
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Clearly, here the switching frequency of the switch 21 is equal to twice the switching frequency 
of the fluorescent ballast.

[0052] In the Fig. 16, third signals are shown, for the switch 21 having a switching frequency 
that is synchronized with the switching frequency of the fluorescent ballast (in a capacitive 
way). The upper signal shows one high-frequency cycle of the first current signal that flows 
through an input of the driver circuit 1. The middle signal shows a control signal for the switch 
21. The lower signal shows a voltage signal present across the input of the driver circuit 1. 
Again, here the switching frequency of the switch 21 is equal to twice the switching frequency 
of the fluorescent ballast.

[0053] Similar signals and waveforms and graphs may be produced for the second, third and 
fourth embodiments.

[0054] Summarizing, driver circuits 1 for driving loads 2 comprising light emitting diodes are 
provided with rectifiers 11-14 for exchanging first current signals with fluorescent ballasts 3 
such as active electronic ballasts and for supplying second current signals to the loads 2, with 
switch circuits 21-27 coupled to or forming part of the rectifiers 11-14 for controlling amounts of 
power supplied to the loads 2, and with controllers 31 for controlling the switch circuits 21-27 
such that switching frequencies of the switch circuits 21-27 are equal to or lower than twice the 
frequencies of the first current signals. Detuning circuits 4 match output impedances of the 
fluorescent ballasts 3 and input impedances of the rectifiers 11-14. Start-up circuits 5 increase 
impedances at input terminals of the rectifiers 11-14 at start-up. Current sensors 6 and voltage 
sensors 7 provide feedback. The controllers 31 synchronize the switching frequencies of the 
switch circuits 21-27 and switching frequencies of the active electronic ballasts. Detectors 8 
detect zero crossings in the first current signals.

[0055] While the invention has been illustrated and described in detail in the drawings and 
foregoing description, such illustration and description are to be considered illustrative or 
exemplary and not restrictive; the invention is not limited to the disclosed embodiments. Other 
variations to the disclosed embodiments can be understood and effected by those skilled in the 
art in practicing the claimed invention, from a study of the drawings, the disclosure, and the 
appended claims. In the claims, the word "comprising" does not exclude other elements or 
steps, and the indefinite article "a" or "an" does not exclude a plurality. The mere fact that 
certain measures are recited in mutually different dependent claims does not indicate that a 
combination of these measures cannot be used to advantage. Any reference signs in the 
claims should not be construed as limiting the scope.

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav
1. Driverkreds (1) til at drive en belastning (2), hvilken belastning (2) omfatter mindst 

én lysdiode, hvor driverkredsen (1) omfatter:

- en ensretter (11 -14) med en indgangsterminal til modtagelse af et første 

strømsignal fra en fluorescerende ballast (3) og som har en udgangsterminal 
til tilførsel af et andet strømsignal til belastningen (2),

- en omkoblingskreds (21-27) koblet til ensretterens (11 -14) indgangsterminal 

eller til at danne en del af ensretteren (11 -14) til styring af en strømmængde 

leveret til belastningen (2) ved shunt af det første strømsignal, eller en 

omkoblingskreds (21-27) koblet til ensretterens (11 -14) udgangsterminal til 
styring afen strømmængde tilført belastningen (2) ved shunt af det andet 

strømsignal, og
- en styreenhed (31) til styring af omkoblingskredsen (21-27),

hvor en om koblingsfrekvens for omkoblingskredsen (21-27) er lavere end to gange 

en frekvens for det første strømsignal,

kendetegnet ved, at driverkredsen (1) endvidere omfatter en opstartskreds (5) til at 

øge en impedans ved ensretterens (11-14) indgangsterminal ved opstart.

2. Driverkredsløb (1) som defineret i krav 1, hvor ensretteren (11 -14) omfatter en 

bro, hvor broens indgangsterminaler er indrettet til at blive koblet til 

udgangsterminaler for den fluorescerende ballast (3), og hvor broens 

udgangsterminaler er indrettet til at blive koblet til belastningens (2) 

indgangsterminaler.

3. Driverkredsløb (1) som defineret i krav 2, hvor omkoblingskredsen (21-27) 

omfatter en omkobler (21), hvor broen omfatter fire diodeelementer (11-14), og hvor 

hovedkontakter til omkobleren (21) er koblet til broens udgangsterminaler.

4. Driverkredsløb (1) som defineret i krav 2, hvor omkoblingskredsen (21-27) 

omfatter første og anden omkoblinger (22, 23), hvor broen omfatter første og anden 
diodeelementer (11, 12) og første og anden omkoblinger (22, 23), hvor en første 

indgangsterminal for broen er koblet via de første diodeelementer (11) til en første 

udgangsterminal for broen og er koblet via de anden diodeelementer (12) til en 
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anden udgangsterminal for broen, hvor den første omkoblers (22) hovedkontakter er 

koblet til en anden indgangsterminal og første udgangsterminal for broen, og hvor 

den anden omkoblers (23) hovedkontakter er koblet til broens anden 

indgangsterminal og anden udgangsterminal.

5. Driverkredsløb (1) som defineret i krav 2, hvor omkoblingskredsen (21-27) 

omfatter første og anden omkoblinger (24, 25), hvor broen omfatter første og anden 
diodeelementer (11, 13) og de første og anden omkoblinger (24, 25), hvor en første 

indgangsterminal for broen er koblet via de første diodeelementer (11) til en første 

udgangsterminal for broen, hvor en anden indgangsterminal for broen er koblet via 

de anden diodeelementer (13) til broens første udgangsterminal, hvor den første 
omkoblers (24) hovedkontakt er koblet til den første indgangsterminal og en anden 

udgangsterminal for broen, og hvor den anden omkoblers (25) hovedkontakter er 

koblet til den anden indgangsterminal og den anden udgangsterminal for broen.

6. Driverkredsløb (1) som defineret i krav 2, hvor omkoblingskredsen (21-27) 

omfatter første og anden omkoblinger (26, 27), hvor broen omfatter fire 

diodeelementer (11-14), hvor de første hovedkontakter for de første og anden 

omkoblinger (26, 27) er koblet til broens indgangsterminaler, og de første og anden 

omkoblingers (26, 27) anden hovedkontakter er sammenkoblet.

7. Driverkredsløb (1) som defineret i krav 1, der endvidere omfatter:

- en detuning-kreds (4) til at matche en udgangsimpedans for den 

fluorescerende ballast (3) og en indgangsimpedans for ensretteren (11-14).

8. Driverkredsløb (1) som defineret i krav 7, hvor detuning-kredsen (4) omfatter en 

induktor (41) med en første side koblet til en første indgangsterminal af ensretteren 
(11-14) og med en anden side indrettet til at blive koblet til en udgangsterminal for 

den fluorescerende ballast (3), og som endvidere omfatter en kondensator (42) med 

en første side koblet til den anden side af induktoren (41) og med en anden side 

koblet til en anden indgangsterminal for ensretteren (11-14).
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9. Driverkredsløb (1) som defineret i krav 1, hvor opstartskredsen (5) omfatter en 

parallel forbindelse for en kondensator (51) og en omkobler (52), hvor en første side 

af den parallelle forbindelse er koblet til en første indgangsterminal for ensretteren 
(11 -14) og en anden side af den parallelle forbindelse er indrettet til at blive koblet til 

en udgangsterminal for den fluorescerende ballast (3), hvor omkobleren (52) er i en 

ikke-ledende tilstand ved opstart og bringes i en ledende tilstand efter udløbet af et 

tidsinterval.

10. Driverkredsløb (1) som defineret i krav 1, der endvidere omfatter:

- en strømsensor (6) til at informere styreenheden (31) om en amplitude af et 

strømsignal, der strømmer gennem belastningen (2).

11. Driverkredsløb (1) som defineret i krav 1, der endvidere omfatter:

- en spændingssensor (7) til at informere styreenheden (31) om en amplitude 

af et spændingssignal, der er til stede over belastningen (2).

12. Driverkredsløb (1) som defineret i krav 1, hvor den fluorescerende ballast (3) er 

en aktiv elektronisk ballast, hvor styreenheden (31) er indrettet til at synkronisere 

om koblingsfrekvensen for omkoblingskredsen (21-27) og en om koblingsfrekvens for 

den aktive elektroniske ballast.

13. Driverkredsløb (1) som defineret i krav 12, der endvidere omfatter:

- en detektor (8) til at informere styreenheden (31) om en nulpassage i det 

første strømsignal.

14. Anordning, der omfatter driverkredsen (1) som defineret i krav 1, og som 

endvidere omfatter den fluorescerende ballast (3) og/eller belastningen (2).
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