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(57) Abstract: Filament circuits (1) for lamps (5) powered via ballasts (6) comprise first filament-inputs (11) coupled to first ballast-
outputs, second tilament-inputs (12) coupled to second ballast-outputs, first circuits (13) comprising resistive components, second
circuits (14) comprising reactive components, direct-current paths between the first and second filament-inputs (11, 12) whereby
series configurations of the first and second circuits (13, 14) comprise these direct-current paths, and filament-outputs (15) coupled
to a driver-input of a driver (3) for driving a light source (4) of the lamp (5). These tilament-outputs (15) may correspond with the
first filament-inputs (11), or with the second filament-inputs (12). The resistive components may comprise first resistors (16). The
reactive components may comprise first capacitors (17) with the second circuits (14) comprising parallel configurations of the first
capacitors (17) and second resistors (18), or the reactive components may comprise inductors (20). The first circuits (13) may com-
prise parallel configurations of the first resistors (16) and second capacitors (19).
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Filament circuit for lamp powered via ballast

FIELD OF THE INVENTION

The invention relates to a filament circuit for a lamp, which lamp is configured
to be powered via a ballast. The invention further relates to a device comprising such a
filament circuit, and to a lamp comprising such a filament circuit.

Examples of such a device are driving devices. Examples of such a lamp are

retrofit tubes for replacing fluorescent tubes.

BACKGROUND OF THE INVENTION

US 2012 /0306403 A1 discloses a driver circuit for powering a direct-current
lamp in a non-direct-current lamp fitting. This driver circuit comprises two filament circuits
cach one consisting of two serial resistors or of two serial coils. US2014035463A1 and
US2014225520A1 disclose a filament circuit with two parallel RC circuits connected in
series between the two input pins and the interconnection of the two RC circuits is the output
of the filament circuit. US2014225520A1 and DE202013000880U1 disclose a filament
circuit with one parallel RC circuit connected between the two input pins and the input pin is

directly the output of the filament circuit.

SUMMARY OF THE INVENTION

In the prior art US2014035463A1 and US2014225520A1, power loss is high
since the current will flow through the resistors. In the prior art US2014225520A1 and
DE202013000880U1, HF current is very large due to the capacitor shunts the HF current and
such large current may damage the ballasts.

It is an object of the invention to provide an improved filament circuit. Further
objects are to provide a device and a lamp.

According to a first aspect, a filament circuit for a lamp is provided, which
lamp is configured to be powered via a ballast, the filament circuit comprising
- a first filament-input configured to be coupled to a first ballast-output of the ballast,
- a second filament-input configured to be coupled to a second ballast-output of the ballast,

- a first circuit comprising a resistive component,
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- a second circuit comprising a reactive component,

- a direct-current path between the first filament-input and the second filament-input, a series
configuration of the first and second circuits comprising the direct-current path, and

- a filament-output configured to be coupled to a driver-input of a driver for driving a light
source of the lamp, wherein the filament-output is derived from the first filament-input or
from the second filament-input or from an interconnection between the first and second
circuits.

The filament circuit comprises first and second filament-inputs which are
configured to be coupled to first and second ballast-outputs of a ballast, such as for example
an electronic ballast. The filament circuit further comprises a first circuit and a second circuit.
This first circuit comprises a resistive component. This second circuit comprises a reactive
component. The filament circuit further comprises a direct-current path between the first
filament-input and the second filament-input. A series configuration of the first and second
circuits comprises this direct-current path. In other words, the first and second circuits are
serially coupled to each other, between the first and second filament-inputs, and a direct-
current path is present via these first and second circuits. The filament circuit further
comprises a filament-output configured to be coupled to a driver-input of a driver for driving
a light source of the lamp. This filament-output is directly derived from the first filament-
input or from the second filament-input. So, this filament-output corresponds with the first
filament-input or with the second filament-input. In other words, the filament-output is for
example formed by the first filament-input or by the second filament-input. In yet other
words, the filament-output may for example comprise the first filament-input or the second
filament-input, or vice versa.

The resistive component comprises a first resistor, and the reactive component
comprises a first capacitor, and the second circuit comprises a parallel configuration of the
first capacitor and a second resistor or the resistive component comprises a first resistor, and
the reactive component comprises an inductor. The series configuration of the first and
second circuits provides fail safety and reduces a risk of the ballast getting too hot. In case of
a single component failure, such as for example an “open” failure or a “short” failure, an
impedance of the filament circuit as present between the first and second filament-inputs is
still larger than zero, and the ballast cannot get too hot. The series configuration of the first
(resistive) and second (reactive) circuits allows a total impedance of the filament circuit to be

optimized



10

15

20

25

30

WO 2016/146405 PCT/EP2016/054620

- for limiting an amplitude of a high-frequency current flowing through the filament circuit
from one of the first and second filament-inputs to the other one, from the first filament-input
to the filament-output and/or from the second filament-input to the filament-output,

- for reducing a waveform distortion introduced in the filament circuit,

- for limiting a voltage drop present across the filament circuit between the first and second
filament-inputs, between the first filament-input and the filament-output and/or between the
second filament-input and the filament-output, and/or

- for reducing a power consumption in the filament circuit.

And the direct-current path guarantees compatibility with most of the
electronic ballasts. As a result, a filament circuit has been created that can be fully optimized
for a variety of criteria. This is a great technical advantage.

An embodiment of the filament circuit is defined, wherein the first circuit
comprises a parallel configuration of the first resistor and a second capacitor.

In case the resistive component comprises a first resistor, and the reactive
component comprises a first capacitor, the second circuit needs to be provided with a second
resistor in a parallel configuration with the first capacitor to create the direct-current path. In
case the resistive component comprises a first resistor, and the reactive component comprises
an inductor, the direct-current path is already present. In both cases, the first circuit may be
extended with a second capacitor in a parallel configuration with the first resistor.

An embodiment of the filament circuit is defined, wherein the resistive
component comprises a first resistor, and the reactive component comprises a first capacitor,
and the second circuit comprises a parallel configuration of the first capacitor and a second
resistor, or wherein the resistive component comprises a first resistor, and the reactive
component comprises a first capacitor, and the first circuit comprises a parallel configuration
of the first resistor and a second capacitor, and the second circuit comprises a parallel
configuration of the first capacitor and a second resistor.

An embodiment of the filament circuit is defined, wherein the resistive
component comprises a first resistor, and the reactive component comprises an inductor, or
wherein the resistive component comprises a first resistor, and the reactive component
comprises an inductor, and the first circuit comprises a parallel configuration of the first
resistor and a second capacitor.

Each first / second resistor may comprise one resistor or may comprise two or
more resistors in whatever configuration. Each first / second capacitor may comprise one

capacitor or may comprise two or more capacitors in whatever configuration. Each inductor
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may comprise one inductor or may comprise two or more inductors in whatever
configuration. The first resistor may have a value between 1 Q and 100 Q, the second resistor
may have a value between 1 Q and 1000 €, the first / second capacitor may have a value
between 1 nF and 1000 nF, and the inductor may have a value between 1 puH and 1000 pH.

According to a second aspect, a device is provided comprising the filament
circuit as defined above, the device further comprising the driver. Such a device may
comprise a driving device or may comprise a lamp wherein the light source is still lacking.

An embodiment of the device is defined, wherein the second filament circuit
comprises
- a third filament-input configured to be coupled to a third ballast-output of the ballast,

- a fourth filament-input configured to be coupled to a fourth ballast-output of the ballast,

- a third circuit comprising a further resistive component,

- a fourth circuit comprising a further reactive component,

- a further direct-current path between the third filament-input and the fourth filament-input,
a series configuration of the third and fourth circuits comprising the further direct-current
path, and

- a further filament-output coupled to a further driver-input of the driver, wherein the further
filament-output is directly derived from the third filament-input or from the fourth filament-
input, wherein

- the further resistive component comprises a third resistor, and the further reactive
component comprises a third capacitor, and the fourth circuit comprises a parallel
configuration of the third capacitor and a fourth resistor, or

- the further resistive component comprises a third resistor, and the further reactive
component comprises a further inductor.

In a further embodiment, the third circuit comprises a parallel configuration of
the third resistor and a fourth capacitor.

Each third / fourth resistor may comprise one resistor or may comprise two or
more resistors in whatever configuration. Each third / fourth capacitor may comprise one
capacitor or may comprise two or more capacitors in whatever configuration. Each further
inductor may comprise one inductor or may comprise two or more inductors in whatever
configuration. The third resistor may have a value between 1 Q and 100 Q, the fourth resistor
may have a value between 1 Q and 1000 €, the third / fourth capacitor may have a value
between 1 nF and 1000 nF, and the further inductor may have a value between 1 pH and

1000 pH.
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The first resistor and the third resistor may have similar values or not. The
second resistor and the fourth resistor may have similar values or not. The first capacitor and
the third capacitor may have similar values or not. The second capacitor and the fourth
capacitor may have similar values or not. The inductor and the further inductor may have
similar values or not. The first and second filament circuits may be similar circuits or not.

According to a third aspect, a lamp is provided comprising the filament circuit
as defined above and further comprising one or more of the driver and the light source. Such
a lamp may comprise the driver without the light source, or the light source without the
driver, or both the driver and the light source.

According to a fourth aspect, a lamp is provided comprising the filament
circuit as defined above and further comprising the light source, wherein the light source
comprises a light emitting diode circuit.

A light emitting diode circuit comprises one or more light emitting diodes of
whatever kind and in whatever configuration.

A basic idea is that a filament circuit should comprise, between its filament-
inputs, a direct-current path, as a part of a series configuration of a first circuit that comprises
a resistive component and a second circuit that comprises a reactive component.

A problem to provide an improved filament circuit has been solved. Further
advantages are that safety can be provided to a combination of the lamp and the ballast, an
amplitude of a high-frequency current as produced by an electronic ballast can be limited, a
waveform distortion can be reduced, a voltage drop can be limited, a power consumption can
be reduced, and compatibility with most electronic ballasts can be guaranteed.

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
In the drawings:
Fig. 1 shows a prior art lamp,
Fig. 2 shows an embodiment of a lamp,
Fig. 3 shows a general embodiment of a filament circuit,
Fig. 4 shows a first embodiment of a filament circuit,
Fig. 5 shows a second embodiment of a filament circuit,
Fig. 6 shows a third embodiment of a filament circuit,

Fig. 7 shows a fourth embodiment of a filament circuit, and
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Fig. 8 shows waveforms.

DETAILED DESCRIPTION OF EMBODIMENTS

In the Fig. 1, a prior art lamp is shown. The prior art lamp 500 comprises a
first filament circuit in the form of a resistor 100 and a second filament circuit in the form of
a resistor 200. Both sides of the resistor 100 are coupled to first and second ballast-outputs of
a ballast 6, and both sides of the resistor 200 are coupled to third and fourth ballast-outputs of
the ballast 6. One of the sides of the resistor 100 and one of the sides of the resistor 200 are
coupled to a light source 400 possibly including a driver. Ballast-inputs of the ballast 6 are
configured to be coupled to a supply such as mains.

Alternatively, a prior art driver circuit is shown in US 2012 / 0306403 A1 for
powering a direct-current lamp in a non-direct-current lamp fitting. This driver circuit
comprises two filament circuits each one consisting of two serial resistors or of two serial
coils, wherein the interconnections between the serial resistors or between the serial coils
form the filament-outputs.

In the Fig. 2, an embodiment of a lamp is shown. The lamp 5 comprises a
filament circuit 1 such as for example a first filament circuit, a second filament circuit 2, a
driver 3 and a light source 4, such as for example a light emitting diode circuit. A first
filament-input of the filament circuit 1 is coupled to a first ballast-output of a ballast 6, and a
second filament-input of the filament circuit 1 is coupled to a second ballast-output of the
ballast 6. A filament-output of the filament circuit 1 is coupled to a driver-input of the driver
3. A third filament-input of the second filament circuit 2 is coupled to a third ballast-output
of the ballast 6, and a fourth filament-input of the second filament circuit 2 is coupled to a
fourth ballast-output of the ballast 6. A further filament-output of the second filament circuit
2 is coupled to a further driver-input of the driver 3. The driver 3 is configured to drive the
light source 4. The lamp 5 is configured to be powered via the ballast 6, such as for example
an electronic ballast. Ballast-inputs of the ballast 6 are configured to be coupled to a supply
such as mains. The lamp 5 may for example comprise a retrofit tube for replacing a
fluorescent tube while keeping the ballast 6 that has originally been designed to be used in
combination with such a fluorescent tube.

In the Fig. 3, a general embodiment of a filament circuit is shown. This
filament circuit 1 comprises a first filament-input 11 configured to be coupled to the first
ballast-output of the ballast 6, and a second filament-input 12 configured to be coupled to the

second ballast-output of the ballast 6. The filament circuit 1 further comprises a first circuit
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13 coupled to the first filament-input 11 and a second circuit 14 coupled to the second
filament-input 12. The first circuit 13 comprises a resistive component, and the second circuit
14 comprises a reactive component. There is a direct-current path between the first filament-
input 11 and the second filament-input 12. A series configuration of the first and second
circuits 13, 14 comprises this direct-current path. The filament circuit 1 further comprises a
filament-output 15 configured to be coupled to the driver-input of the driver 3.

In the upper drawing, the filament-output 15 is formed by the first filament-
input 11. In the middle drawing, the filament-output 15 is formed by an interconnection
between the first and second circuits 13, 14. In the lower drawing, the filament-output 15 is
formed by the second filament-input 12.

In the Fig. 4, a first embodiment of a filament circuit is shown. The resistive
component discussed for the Fig. 3 comprises a first resistor 16, and the reactive component
discussed for the Fig. 3 comprises a first capacitor 17 coupled in parallel to a second resistor
18. In the upper drawing, the filament-output 15 is formed by the first filament-input 11. In
the middle drawing, the filament-output 15 is formed by an interconnection between the first
resistor 16 and the parallel configuration of the first capacitor 17 and the second resistor 18.
In the lower drawing, the filament-output 15 is formed by the second filament-input 12.

The parallel configuration of the first capacitor 17 and the second resistor 18
allows a DC current to flow through the second circuit 14 such that the direct-current path is
present. Preferably, the filament circuit 1 comprises the first resistor 16, the first capacitor 17
and the second resistor 18 only, whereby each resistor 16, 18 may be realized through one
resistor or through two or more resistors in whatever configuration, and whereby each
capacitor 17 may be realized through one capacitor of whatever kind or through two or more
capacitors of whatever kind and in whatever configuration.

In the Fig. 5, a second embodiment of a filament circuit is shown. This second
embodiment differs from the first embodiment in that, in the first circuit 13, the first resistor
16 is coupled in parallel to a second capacitor 19. The parallel configuration of the first
resistor 16 and the second capacitor 19 allows a DC current to flow through the first circuit
13 such that the direct-current path is present. Preferably, the filament circuit 1 comprises the
first resistor 16, the first capacitor 17, the second resistor 18 and the second capacitor 19
only, whereby each resistor 16, 18 may be realized through one resistor or through two or
more resistors in whatever configuration, and whereby each capacitor 17, 19 may be realized
through one capacitor of whatever kind or through two or more capacitors of whatever kind

and in whatever configuration.
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The first embodiment shown in the Fig. 4 has, compared to the second
embodiment shown in the Fig. 5, fewer elements. The second embodiment shown in the Fig.
5 has, compared to the first embodiment shown in the Fig. 4, a reduced (high frequency)
power dissipation.

In the Fig. 6, a third embodiment of a filament circuit is shown. The resistive
component discussed for the Fig. 3 comprises a first resistor 16, and the reactive component
discussed for the Fig. 3 comprises an inductor 20. In the upper drawing, the filament-output
15 is formed by the first filament-input 11. In the middle drawing, the filament-output 15 is
formed by an interconnection between the first resistor 16 and the inductor 20. In the lower
drawing, the filament-output 15 is formed by the second filament-input 12.

The inductor 20 allows a DC current to flow through the second circuit 14
such that the direct-current path is present. Preferably, the filament circuit 1 comprises the
first resistor 16 and the inductor 20 only, whereby each resistor 16 may be realized through
one resistor or through two or more resistors in whatever configuration, and whereby each
inductor 20 may be realized through one inductor of whatever kind or through two or more
inductors of whatever kind and in whatever configuration.

In the Fig. 7, a fourth embodiment of a filament circuit is shown. This fourth
embodiment differs from the third embodiment in that, in the first circuit 13, the first resistor
16 is coupled in parallel to a second capacitor 19. The parallel configuration of the first
resistor 16 and the second capacitor 19 allows a DC current to flow through the first circuit
13 such that the direct-current path is present here. Preferably, the filament circuit 1
comprises the first resistor 16, the second capacitor 19 and the inductor 20 only, whereby
cach resistor 16 may be realized through one resistor or through two or more resistors in
whatever configuration, whereby each capacitor 19 may be realized through one capacitor of
whatever kind or through two or more capacitors of whatever kind and in whatever
configuration, and whereby each inductor 20 may be realized through one inductor of
whatever kind or through two or more inductors of whatever kind and in whatever
configuration.

The third embodiment shown in the Fig. 6 has, compared to the fourth
embodiment shown in the Fig. 7, fewer elements. The fourth embodiment shown in the Fig. 7
has, compared to the third embodiment shown in the Fig. 6, a reduced (high frequency)
power dissipation.

In the Fig. 3, 4, 5, 6 and 7, the filament-output 15 may be formed by the first

filament-input 11, by the interconnection between the first and second circuits 13, 14, or by
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the second filament-input 12. In other words, the filament-output 15 may be derived from
and/or comprise and/or be coupled to and/or be connected to the first filament-input 11, the
interconnection between the first and second circuits 13, 14, or the second filament-input 12.
Or the first filament-input 11, the interconnection between the first and second circuits 13,
14, or the second filament-input 12 may comprise and/or be coupled to and/or be connected
to the filament-output 15.

In the Fig. 8 waveforms are shown (vertical axis: power dissipation increasing
in an upward direction, horizontal axis: light intensity increasing from left to right, in a
dimming situation). The upper graph indicated by R corresponds with the power dissipation
in a prior art filament circuit in the form of a pure resistive filament circuit. The lower graph
indicated by RCR corresponds with the power dissipation in a filament circuit 1 as shown in
the Fig. 4. In a dimming situation, a frequency of a signal as produced by an electronic ballast
increases when a light output decreases. Clearly, in such a dimming situation, compared to
the prior art filament circuit, the power dissipation in the filament circuit 1 is reduced much.
This is due to the fact that a reactive component in the filament circuit reduces a power
dissipation in a resistive component. In case of a capacitor coupled in parallel to a resistor,
for a high frequency current the capacitor has a reduced impedance and thereby reduces the
power dissipation in the resistor. In case of an inductor coupled serially to a resistor, for the
high frequency current the inductor has an increased impedance and thereby reduces the
power dissipation in the resistor.

First and second elements can be coupled in many different ways, for example
in an indirect way and in a direct way. When being coupled indirectly, the first and second
elements are coupled via a third element. When being coupled directly, the first and second
elements are coupled without the third element being in between. Similarly, an output can be
derived from an input or from an interconnection in many different ways, for example
indirectly, via an element, or directly, without the element being in between.

Summarizing, filament circuits 1 for lamps 5 powered via ballasts 6 comprise
first filament-inputs 11 coupled to first ballast-outputs, second filament-inputs 12 coupled to
second ballast-outputs, first circuits 13 comprising resistive components, second circuits 14
comprising reactive components, direct-current paths between the first and second filament-
inputs 11, 12 whereby series configurations of the first and second circuits 13, 14 comprise
these direct-current paths, and filament-outputs 15 coupled to a driver-input of a driver 3 for
driving a light source 4 of the lamp 5. These filament-outputs 15 may correspond with the

first filament-inputs 11, with the second filament-inputs 12 or with interconnections between
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the first and second circuits 13, 14. The resistive components may comprise first resistors 16.
The reactive components may comprise first capacitors 17 with the second circuits 14
comprising parallel configurations of the first capacitors 17 and second resistors 18, or the
reactive components may comprise inductors 20. The first circuits 13 may comprise parallel
configurations of the first resistors 16 and second capacitors 19.

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.
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CLAIMS:

1. A filament circuit (1) for a lamp (5), which lamp (5) is configured to be
powered via a ballast (6), the filament circuit (1) comprising
- a first filament-input (11) configured to be coupled to a first ballast-output of the ballast (6),
- a second filament-input (12) configured to be coupled to a second ballast-output of the
ballast (6),
- a first circuit (13) comprising a resistive component,
- a second circuit (14) comprising a reactive component,
- a direct-current path between the first filament-input (11) and the second filament-input
(12), a series configuration of the first and second circuits (13, 14) comprising the direct-
current path, and
- a filament-output (15) configured to be coupled to a driver-input of a driver (3) for driving a
light source (4) of the lamp (5), wherein the filament-output (15) is directly derived

a) from the first filament-input (11) or

b) from the second filament-input (12); and

wherein

x) the resistive component comprises a first resistor (16), and the reactive
component comprises a first capacitor (17), and the second circuit (14) comprises a parallel
configuration of the first capacitor (17) and a second resistor (18) or

y) the resistive component comprises a first resistor (16), and the reactive

component comprises an inductor (20).

2. The filament circuit (1) as defined in claim 1, wherein
in conditions x) and y) the first circuit (13) comprises a parallel configuration of the first

resistor (16) and a second capacitor (19).

3. A device comprising the filament circuit (1) as defined in claim 1, the device

further comprising the driver (3).
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4. The device as defined in claim 3, wherein the filament circuit (1) comprises a

first filament circuit, and wherein the device further comprises a second filament circuit (2).

5. The device as defined in claim 4, wherein the second filament circuit (2)
comprises
- a third filament-input configured to be coupled to a third ballast-output of the ballast (6),
- a fourth filament-input configured to be coupled to a fourth ballast-output of the ballast (6),
- a third circuit comprising a further resistive component,
- a fourth circuit comprising a further reactive component,
- a further direct-current path between the third filament-input and the fourth filament-input,
a series configuration of the third and fourth circuits comprising the further direct-current
path, and
- a further filament-output coupled to a further driver-input of the driver (3), wherein the
further filament-output is directly derived

a’) from the third filament-input or

b’) from the fourth filament-input;

wherein

x’) the further resistive component comprises a third resistor, and the further
reactive component comprises a third capacitor, and the fourth circuit comprises a parallel
configuration of the third capacitor and a fourth resistor, or

y’) the further resistive component comprises a third resistor, and the further

reactive component comprises a further inductor.

6. The device as defined in claim 5, wherein in conditions x* and y’ the third

circuit comprises a parallel configuration of the third resistor and a fourth capacitor.

7. A lamp (5) comprising the filament circuit (1) as defined in claim 1 and

further comprising one or more of the driver (3) and the light source (4).

8. A lamp (5) comprising the filament circuit (1) as defined in claim 1 and
further comprising the light source (4), wherein the light source (4) comprises a light emitting

diode circuit.
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9. A lamp (5) comprising the device (1) as defined in any one of claims 4 to 6,

and further comprising the light source (4)
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