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DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention relates to an LED replacement lamp, and to a lighting arrangement
including an LED replacement lamp.

BACKGROUND OF THE INVENTION

[0002] Fluorescent lamps, in particular in the form of fluorescent tube lamps, are today used
in many lighting applications. A large number of lighting fixtures for fluorescent tube lamps are
installed.

[0003] With the availability of highly efficient LED lighting elements, there are already LED
replacement lamps available intended to be used as "retrofit" or replacement LED lamps,
replacing fluorescent lamps in installed lighting fixtures.

[0004] For the operation of fluorescent lamps, electrical configurations are known which
comprise a simple electromagnetic (EM) ballast and a glow starter, as well as more advanced
configurations including an electronic ballast.

[0005] WO 2009/136322 A1 describes a light emitting system with a light emitting diode and a
socket adapter for retrofitting a fluorescent lamp. An electrical circuit is adapted for emulating
the presence of fluorescent lamps to a fluorescent lamp driver.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide an LED replacement lamp and lighting
arrangement allowing safe operation even in case of fault condition of individual components.

[0007] This object is achieved according to the invention by an LED replacement lamp
according to claim 1, and by a lighting arrangement according to claim 7. Dependent claims
refer to preferred embodiments of the invention.

[0008] The lamp according to the invention comprises one or more LED lighting elements
arranged on an elongated member with a first end and opposite second end. In the present
context, the term "LED" is used broadly, covering all types of solid state lighting elements,
including individual components as well as electrical circuits with multiple components, or
groups of components, the components including both light emitting diodes (LED) and organic
light emitting diodes (OLED).
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[0009] The elongated member may in particular be of a size corresponding to standardized
fluorescent tube lamps, e. g. 205 mm, 325 mm, 355 mm, etc. and may comprise e. g. an at
least partially transparent housing, particularly in tube form. At each of the opposite ends, two
electrical contacts are provided, preferably in the form of protruding contact pins.

[0010] Within the lamp, filament emulation circuits are connected to the electrical contacts at
both ends. These filament emulation circuits serve to provide an electrical behavior between
the two contacts at both ends which emulates the filament of a fluorescent tube lamp.
Consequently, if the LED replacement lamp including these filament emulation circuits is used
in a lighting fixture including a ballast, and in particular an electronic ballast, the electrical
behavior will be similar to that of heating filaments; in particular, there will be a defined
electrical resistance between the contacts.

[0011] An LED lighting assembly is electrically connected to the filament emulation circuits to
be supplied with electrical power. The LED lighting assembly comprises said one or more LED
lighting elements, and preferably additional circuitry such as a driver circuit to convert the
supplied electrical power to current and/or voltage values as required by the LED lighting
elements.

[0012] According to the invention, the filament emulation circuits each comprise a first resistor
circuit connected to a first electrical contact and a second resistor circuit connected to a
second electrical contact at each end. The first and second resistor circuits are connected to
the LED lighting assembly at a common terminal.

[0013] According to one aspect of the invention, each of the first and second resistor circuits
comprises a series connection of at least two resistors, preferably even more such as at least
three, or, particularly preferred, at least four resistors.

[0014] A string of resistors as proposed according to the invention has the advantage of
increased fault tolerance in case of single component failure. If one of the resistors fails, i. e. is
short-circuited, the remaining resistance of the series connection is still sufficient to provide an
adequate resistance value between the contacts, or in other words is still above a determined
resistance value. Thus, the filament emulation circuits proposed according to the invention are
robust against component failure.

[0015] The more resistors are arranged in series, the less impact there will be on the overall
resistance, in case of a failure of one resistor. For example, an arrangement of eight resistors
in series will lead to a reduction of the total resistance of the two resistor circuits by only 12.5%
in case one of the resistors fails.

[0016] According to a preferred embodiment of the invention, there may be provided in at
least one of the filament emulation circuits a current limiting circuit connected in series with at
least one of the resistor circuits. The current limiting circuit is disposed to prevent an
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overcurrent from flowing. Preferably, the current limiting circuit cuts off current flow in case of
an overcurrent. In one possible embodiment, the current limiting circuit may comprise an
electrical fuse.

[0017] Preferably, the filament emulation circuits have an at least substantially symmetrical
circuit design with regard to the contacts. The resistor circuits preferably have the same
combined resistance value. The above described current limiting circuit may be provided at
only one of the contacts, which is still considered a "substantially symmetrical” circuit design if
the resistance value of the (untriggered) current limiting circuit is sufficiently low (e. g. 20 % or
less, preferably 10 % or less of the total resistance of the resistor circuits). Alternatively, to
obtain full symmetry, it is possible to arrange one current limiting circuit at each of the contacts.

[0018] According to a further preferred aspect, a current limiting circuit provided in series with
at least one of the resistor circuits is a resettable circuit and/or comprises a resettable element.
In case of a resettable circuit and/or element, this is achieved without permanent damage, as
in the case of an electrical fuse. After a reset (e. g. after turning off the power), the regular
function of the resettable circuit or element is restored. Particularly preferred is the use of a
PTC (positive temperature coefficient) resistor element within the current limiting circuit, which
may be reset by cutting off the power to allow cooling of a PTC element.

[0019] According to the invention, at least one of the emulation circuits further comprises a
voltage limiting circuit connected to the resistor circuits. A voltage limiting circuit may serve to
prevent damage caused by excessive voltage applied between the electrical contacts at one
end. Preferably, the voltage limiting circuit may comprise a voltage limiting element, such as a
VDR, DIAC, SIDAC, spark gap, gas discharge tube, or bidirectional thyristor over voltage
protector. This allows protecting the lamp circuitry from damage in case mains voltage is
directly applied between two contact pins at the same end. In particular, the resistors of the
filament emulation circuits are protected, because the voltage limiting circuit breaks down and
shunts the current from the filament resistors. In particular, if additionally the above described
current limiting circuit is provided, the filament emulation resistors are protected from failure.

[0020] It should be appreciated that all combinations of the foregoing concepts, and the
additional concepts discussed in greater detail below, are contemplated as being part of the
inventive subject matter disclosed herein.

[0021] 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

[0022] In the drawings:

Figure 1 shows a symbolic circuit diagram of an embodiment of a lighting arrangement
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including an LED replacement lamp with filament emulation circuits;
Figure 2 shows a circuit diagram of an embodiment of a filament emulation circuit;

Figures 3a - 3f show examples of lighting arrangements with different wiring of an LED
replacement lamp.

DETAILED DESCRIPTION OF THE DRAWINGS

[0023] The present invention aims at providing an LED replacement lamp 20 for operation in a
lighting arrangement (lighting fixture) intended for a fluorescent tube lamp.

[0024] Currently, a large number of lighting fixtures for fluorescent tube lamps are installed.
Fig. 3a shows the wiring of a lamp 10, in this case a fluorescent tube lamp 10, with two
electrical contacts at both ends. Electrical mains voltage is supplied at a terminal 12, at which
one contact at a first end of the lamp 10 is directly connected, and an input of a ballast 14 is
also connected to mains. An output of the ballast 14 is connected to one electrical contact at
the other, second end of the lamp 10. Further, the remaining contacts at each end of the lamp
10 are interconnected over a glow starter or electronic starter 16. As known to the skilled
person, a fluorescent lamp operated at an electromagnetic ballast as shown is turned on after
an initial heating current through the filaments is supplied.

[0025] Fig. 3b shows the wiring for an LED replacement lamp 20, inserted within a lamp
fixture instead of a fluorescent tube lamp. The starter is replaced by a dummy starter 18.
Besides this replacement, no rewiring or modification of the luminaire and ballast are required.

[0026] Fig. 1 shows a symbolic circuit diagram of the LED replacement lamp 20, in this case
connected to an electronic ballast 15. The lamp 20 is of elongate shape with a first end 22a
and opposed second end 22b. At each end 22a, 22b, two electrical contact pins 24a, 26a; 24b,
26b protrude.

[0027] The LED replacement lamp 20 comprises an LED lighting assembly 40, which is not
shown in detail. The LED lighting assembly 40 comprises an LED driver circuit (not shown)
connected to a plurality of LED lighting elements 28 distributed over the length of the LED
replacement lamp 20.

[0028] The LED lighting assembly 40 is electrically connected to filament emulation circuits 42
electrically connected to the electrical contacts 24a, 26a; 24b, 26b at both ends 22a, 22b. In
operation of the lamp 20 at the electronic ballast 15, electrical power supplied to the contacts
24a, 26a; 24b, 26b is supplied to the LED lighting assembly 40 such that the LED lighting
elements may be operated. The electronic ballast 15 supplies a heating current and ignition
voltage to start the lamp 20. For this heating current, the filament emulation circuits 42 provide
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a defined electrical resistance between the contact pins 24a, 26a; 24b, 26b at both ends 223,
22b.

[0029] Fig. 2 shows in greater detail the components of the filament emulation circuit 42
provided at both ends 22a, 22b of the LED replacement lamp 20. Connected in series to one of
the contact pins 26a is a PTC element 44 provided as a resettable fuse for overcurrent
protection.

[0030] Connected in series with the PTC element 44 is a first resistor circuit 46 comprised of a
series connection of four resistors. The resistors are of equal resistance rating; in a preferred
embodiment, the resistors are each SMD components with an electrical resistance of 1 Q.

[0031] Connected to the other contact pin 24a is a second resistor circuit 48 equally
comprised of a series connection of four identical resistors (SMD, 1 Q).

[0032] The resistor circuits 46, 48 are interconnected at a common terminal 50, where the
LED lighting assembly 40 (see Fig. 1) is connected.

[0033] Further connected to the resistor circuits 46, 48 is a VDR 38 (voltage dependent
resistor). The VDR 38, also referred to as varistor, is used as voltage limiting circuit protecting
the resistor circuits 46, 48 from overvoltage. If excessive voltage is applied, the VDR 38 breaks
down and the current through the VDR 38 will increase significantly, such that the current
voltage across the resistors is limited and created by the high voltage is shunted away from the
resistor circuits 46, 48.

[0034] The LED replacement lamp 20 equipped with the described filament emulation circuits
42 fulfills a number of important operational and safety functions. In operation connected to an
electronic (HF) ballast 15, the resistor circuits 46, 48 emulate a filament resistance of 8 Q,
providing a resistive impedance at the contact pins 24a, 26a; 24b, 26b. The design of the lamp
20 is symmetrical using identical filament emulation circuits 42 at both ends 22a, 22b. Likewise,
since in normal operation the PTC element 44 (resettable fuse) will conduct a current with low
resistance and may thus be modeled as a through connection, and the VDR 38 may, at the low
voltages applied during normal operation, be substantially regarded as an open loop, the
design of the filament emulation circuits 42 with regard to the input pins 24a, 26a are also
symmetrical. Due to this symmetry, regardless of the wiring order and arrangement of the LED
lamp 20 within a fixture, the lamp 20 will always be in the same electrical configuration.

[0035] Some PTCs have substantial ohmic resistance (e. g., several ohms). In this case a
second PTC may be added in series with the second resistor circuit 48 (i. e. connected
between the contact pin 24a and the common node of the VDR 38 and the second resistor
circuit 48) to keep the symmetry. Because of the resistance of the PTCs 44, some of the SMD
resistors in the first and second resistor circuits 46, 48 may be omitted as long as the total
resistance (the series connection of PTCs and resistor circuits 46, 48) is above 8 Q.
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[0036] In case of a fault of any individual component (open loop failure or short connection
failure), safety is still ensured. Even a short circuit occurring at any of the resistors of the
resistor circuits 46, 48 will still lead to sufficiently high remaining electrical resistance due to the
series connection of a plurality of resistors.

[0037] Further, the design is safe even in misuse cases, e. g. rewired fixtures. Figs. 3c - 3f
show examples of such wiring configurations. In Fig. 3¢, the lamp 20 is directly connected to
mains without a ballast. In Fig. 3d, the contact pins at one end are directly connected to mains,
leading to a high voltage which will be shunted by the VDR 38, so that the increased current
will eventually trigger the PTC 44, while the resistor circuits 46, 48 are protected. After resetting
and cooling of the PTC element 44, the lamp 20 may even be re-used in a correct wiring
configuration.

[0038] Also, in the wiring configurations of Fig. 3e (external LED driver 13 with only one
contact pin connected at each end of the lamp 20), or according to Fig. 3f (external LED driver
13 directly connected to both contact pins at one end of the lamp 20), the filament circuits 42
still provide the required safety.

[0039] Further, the design is safe when misused in a wiring configuration with an
electromagnetic (EM) ballast. Fig. 3a and 3b show such examples. In Fig. 3a the lamp is
connected to an EM ballast 14 via a glow starter 16. In Fig. 3b the lamp 20 is connected to an
EM ballast 14 via a dummy starter 18. The lamp 20 according to the above described
embodiment in both of these misuse cases will not operate. The EM ballast 14 is shorted via
the filament circuit 42 and the starter, resulting in an increased current through the filament
emulation circuits 42. The current limiting device (PTC 44) prevents an increased current from
overheating the resistor circuits 46, 48 by tripping and interrupting the current in this case.

[0040] 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.

[0041] 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 undefined 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

This list of references cited by the applicant is for the reader's convenience only. It does not
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compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.
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Patentkrav

1. LED-udskiftningslampe, der omfatter:

- ¢t eller flere LED-belysningselementer anbragt pa et aflangt element med modstdende ender
(22a, 22b), hvor der ved hver af de modstidende ender (22a, 22b) er tilvejebragt to elektriske
kontakter (24a, 26a; 24b, 26b),

- hvor filamentemuleringskredsleb (42) er forbundet med de elektriske kontakter (24a, 26a; 240,
26b) ved begge ender (22a, 22b),

- og hvor en LED-belysningsanordning (40), der omfatter det ene eller flere
LED-belysningselementer, er elektrisk forbundet med de filamentemuleringskredsleb (42), der
skal forsynes med strom til LED-belysningselementernes funktion,

- hvor filamentemuleringskredslebene (42) hvert omfatter et forste modstandskredsleb (46), der
er forbundet med en forste af de elektriske kontakter (26a), et andet modstandskredsleb (48), der
er forbundet med en anden af de elektriske kontakter (24a), og en felles klemme (50), hvor det
forste og det andet modstandskredsleb (46, 48) er forbundet med LED-belysningsanordningen
(40) ved den fzlles klemme (50),

kendetegnet ved, at:

filamentemuleringskredslebene (42) hvert endvidere omfatter et
spendingsbegrensningskredsleb (38) med en forste klemme forbundet mellem den ferste af de
clektriske kontakter (26a) og det forste modstandskredsleb (46) og med en anden klemme
forbundet mellem den anden af de elektriske kontakter (24a) og det andet modstandskredslab
(48),

- og hvor hvert af det forste og det andet modstandskredsleb (46, 48) omfatter en
serieforbindelse af mindst to modstandere pa en sddan méde, at filamentemuleringskredslabene

(42) i tilfelde af én af modstandernes fejlfunktion forbliver over en bestemt modstandsveerdi.

2. LED-udskiftningslampe ifolge krav 1, hvor
- det forste og det andet modstandskredslab (46, 48) hvert omfatter en serieforbindelse af mindst

fire modstandere.
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3. LED-udskiftningslampe ifolge et hvilket som helst af de ovenstdende krav, hvor
- filamentemuleringskredslebene (42) hvert omfatter et strembegrensningskredsleb (44)

serieforbundet med mindst ét af modstandskredslabene (46).

4. LED-udskiftningslampe ifolge krav 3, hvor

- strambegrensningskredslobet omfatter et genindstilleligt strambegransningselement (44).

5. LED-udskiftningslampe ifolge krav 4, hvor
- det genindstillelige strombegransningselement er et PTC- (Positive Temperature Co-efficient

— positiv temperaturkoefficient) element (44).

6. LED-udskiftningslampe ifolge krav 1, hvor

- spendingsbegransningskredslebet (38) omfatter mindst ét element udvalgt fra gruppen, der
omfatter en VDR (Voltage Dependent Resistor — spendingsathengig modstand - eller 'varistor')
DIAC (Dlode for Alternating Current - diode til vekselstrom), en SIDAC (Sllicon Diode for
Alternating Current - silikondiode til vekselstrom), et gnistgab, gasudladningsrer, en
tovejs-tyristoroverspendingssikring, og spendingsbegrensningskredslebet (38) er mellem de
clektriske kontakter (24a, 26a; 24b, 26b) og det forste modstandskredsleb (46) og det andet
modstandskredsleb (48).

7. Belysningsanordning, der omfatter:
- en LED-udskiftningslampe ifolge et hvilket som helst af de ovenstéende krav, forbundet med et

lysstoflampearmaturs ballast (15).
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