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DESCRIPTION

Technical Field

[0001] The invention relates generally to light emitting diode (LED) lamps and LED lighting,
and more particularly to LED lamps suitable to replace a fluorescent lamp in a luminaire having
a ballast for use with fluorescent lamps.

Background

[0002] Fluorescent lighting has been around for many years now. This form of lighting started
out as a highly efficient alternative for incandescent light bulbs, but has recently been
surpassed by LED lighting in terms of efficiency and power consumption, and also in other
aspects as set out below.

[0003] Fluorescent lamps generally comprise a tube filled with an inert gas and a small amount
of mercury, capped at both ends with double pinned end caps. The end caps contain a glow
wire to preheat the gasses inside the tube and to vaporize the mercury in order to assist with
ignition of the fluorescent lamp. After the user turns on a main switch (e.g. a wall switch or a
cord switch on the ceilling), the fluorescent lamp Is ignited, and heat generated by the
conducted current keeps the fluorescent lamp In operational condition. To facilitate these
starting conditions and to limit current through the fluorescent lamp during operation, and thus
imit the power consumed, a ballast 1s usually fitted in the fluorescent luminaire, connected
between the mains power supply and the fluorescent lamp, and power is supplied to the lamp
via the ballast.

[0004] When first Introduced, the only available ballasts were simple inductive or reactive
elements placed in series with the power supply to the fluorescent lamp, which limit consumed
power by limiting the AC current as a result of the frequency dependent impedance of the
Inductor. An undesirable result is a relatively low power factor and relatively high reactive
power. These types of ballasts are usually referred to as magnetic ballasts.

[0005] More recently other types of ballasts have been introduced, such as electronic ballasts.
These ballasts usually first convert AC mains power into DC power, and subsequently convert
the DC power into high frequency AC power to drive the fluorescent lamp.

[0006] Electronic ballasts can further be categorized into two types: constant current ballasts
and constant power ballasts. Most electronic ballasts are constant current ballasts, designed to
deliver current at a substantially constant amplitude. These ballasts can be modelled as a
constant AC current source. These ballasts typically comprise a self-protection/self-correcting
mechanism to avoid potential problems of maintaining a constant current. A constant power
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ballast I1s designed to deliver substantially constant power and the output current will vary
depending on the load to attempt to maintain the design power output. If the operating power
IS below the design output level, constant power ballasts usually try to increase the output
current to come closer to the design power level.

[0007] LED lamps are more efficient than fluorescent lamps, and have many other
advantages. For example, no mercury Is required for LED lamps, the light output from LED
lamps 1S more directional, power can be more easily control or regulated, and the lifetime of
LEDs Is generally much longer than fluorescent lamps. Thus, replacing fluorescent lamps with
LED lamps I1s often desirable, and it is also desirable to be able to fit replacement LED lamps
Into existing luminaires designed for fluorescent lamps without needing to modify the luminaire.
However, an LED lamp typically operates differently when used with different types of ballasts.
In some cases, a straightforward replacement of a florescent lamp by an LED lamp In a
fluorescent luminaire results in a failure of the entire luminaire.

[0008] An LED lamp arrangement compatible with all three types of ballasts mentioned above
(magnetic ballasts, constant current ballast, and constant power ballast) i1s described In the
applicant's US patent no. 9,832,837. This lamp arrangement comprises a plurality of LEDs
arranged In a plurality of groups switchable between serial connection and parallel connection,
depending on whether the ballast iIs a magnetic ballast or an electronic ballast, and further
comprises an Iinductive element and a switch which can be closed to short the inductive
element, depending on whether the electronic ballast is a constant power ballast or a constant
current ballast. US patent publication no. 2017/370534 discloses mode switching circuit used to
determine a first driving mode or second driving mode based on a signal received by the LED
lamp to improve the compatibility of the LED lamp

[0009] Recently, there 1s an increasing demand for a universal LED lamp which can be fitted
Into fluorescent luminaires regardless of the type of ballast in the luminaire, and also luminaires
without any ballast. Such a luminaire may for example be a luminaire which was originally
designed for a fluorescent lamp but its ballast has been removed. This can happen for
example when the ballast is too old and/or Is damaged after years of operations. In such
cases, many users want to get rid of the ballast but still want to keep the luminaire, or install a
new luminaire without any ballast. Such a universal LED lamp can be installed in a luminaire
without needing to determine whether there I1s a ballast in the luminaire or what type of the
ballast i1s Iin the luminaire, enabling the manufacture and stocking of a single design of LED
lamp suitable for use in any fluorescent luminaire.

summary of the Invention

[0010] It is therefore an object of the invention to provide an LED lamp which has good lighting
performance when fitted in a variety of luminaires, regardless of whether the luminaire has a
magnetic ballast, constant current ballast, constant power ballast, or has no ballast at all.
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[0011] The Invention relates to an LED lamp suitable for use in a luminaire (and in particular a
luminaire designed for a fluorescent lamp) as defined by claim 1, the LED lamp being adapted
for receiving electrical power from the luminaire and comprising: one or more LEDs; a ballast
protection circuit including an impedance; a filter circuit; a switched-mode power supply for
driving the one or more LEDs; sensing circuits for generating at least one output, In
dependence on whether the electrical power received from the luminaire indicates that the
electrical power Is provided via a magnetic ballast, an electronic ballast which operates as a
constant current ballast, an electronic ballast which operates as a constant power ballast, or
not via a ballast (referred to herein as "direct mains"); and a switching circuit comprising a
plurality of switches for defining a plurality of operation modes of the LED lamp, and for
switching among the plurality of operation modes in dependence on the at least one output
from the sensing circuits.

[0012] The plurality of operation modes comprise: a first operation mode, in which the
switched-mode power supply operates at an operation frequency, the filter circuit is connected
for filtering noise generated by the switched-mode power supply, and the ballast protection
circuit Is disconnected; a second operation mode, In which the switched-mode power supply
does not operate, the filter circuit i1s disconnected, the ballast protection circuit 1s connected,
and the impedance Is bypassed; and a third operation mode, in which the switched mode
power supply does not operate, the filter circuit is disconnected, the ballast protection circuit is
connected, and the impedance iIs connected in series with the LEDs.

[0013] The LED lamp may be adapted to switch to the first operation mode when the electrical
power received from the luminaire indicates that the electrical power Is provided via a magnetic
ballast or not via a ballast. In this mode, power is provided to the LEDs via the switched-mode
power supply.

[0014] The LED lamp may be adapted to switch to the second operation mode when the
electrical power received from the luminaire indicates that the electrical power Is provided via
an electronic ballast which operates as a constant current ballast. In this mode, the ballast
protection circuit is connected and the impedance In the ballast protection circuit is bypassed.
The switched-mode power supply 1s not required and does not operate, and the filter circuit
may be disconnected to avoid bypassing high frequency components of the current supplied
from an electronic ballast and to avoid compatibility issues with some designs of electronic
ballasts during the ballast ignition phase. The filter circuit may include a surge protection circuit
or device, to protect against surges in the electrical power supplied to the LED lamp via a
magnetic ballast or direct mains, and the surge protection circuit or device Is preferably also
disconnected In the second operation mode.

[0015] The LED lamp may be adapted to switch to the third operation mode when the electrical
power received from the luminaire indicates that the electrical power Is provided via an
electronic ballast which operates as a constant power ballast. In this mode, the ballast
protection circuit iIs connected and the impedance In the ballast protection circuit is connected
In series with the LEDs. This provides an increased impedance In series with the LEDs, to
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reduce current through the LEDs

[0016] The LED lamp may comprise a first power supply circuit for supplying power to the one
or more LEDs via the ballast protection circuit, and a second power supply circuit for supplying
power to the one or more LEDs via the filter circuit and the switched-mode power supply. The
first power supply circuit provides power to the LEDs when the LED lamp i1s operating In the
third operation mode, and the second power supply circuit provides power to the LEDs when
the LED lamp i1s operating in the first or second operation modes.

[0017] The sensing circuits may comprise a first sensing circuit for generating a first output
signal for operating a first switch, where the first switch 1s arranged for connecting the first
power supply circuit for supplying power via the ballast protection circuit to the one or more
LEDs. The first sensing circuit may be arranged to sense a frequency of a voltage supplied by
the luminaire, and may be arranged to connect the ballast protection circuit to the rectified
voltage supplied to the LED lamp.

[0018] The switched-mode power supply may comprise a second sensing circuit for sensing a
voltage or current supplied to the switched-mode power supply and operating the second
switch In dependence on the sensed voltage or current. The second sensing circuit may be
arranged to enable operation of the switched-mode power supply when a voltage or current
received by the switched-mode power supply exceeds a predetermined threshold, and may
enable operation of the switched-mode power supply when the LED lamp receives operating
power from the luminaire and the first power supply circuit is not connected. The LED lamp
may be configured such that connection of the first power supply circuit may cause the sensed
voltage or current supplied to the switched-mode power supply to fall or stay below the
predetermined threshold.

[0019] The sensing circuits may comprise a third sensing circuit for generating a third output
signal for operating a third switch, where the third switch is arranged for disconnecting the filter
circuit when the first power supply circuit is enabled for supplying power to the one or more
LEDs. The third sensing circuit may be arranged to sense an amplitude of a rectified voltage or
current supplied to the LED lamp and generates the output signal, and the third switch may
comprise an electromagnetic relay. The filter circuit may include a surge protection circuit or
device, and the third switch may also disconnect the surge protection circuit or device.

[0020] The sensing circuits may comprise a fourth sensing circuit for generating an output
signal for operating a fourth switch, the fourth switch for bypassing the impedance. The fourth
sensing circuit may be arranged to sense a voltage or current indicative of current flowing
through the one or more LEDs, and the fourth switch may be arranged to switch the ballast
protection circuit from a low impedance mode to a high impedance mode when the sensed
voltage or current exceeds a predetermined threshold.

[0021] The LED Lamp may further comprise an auxiliary circuit, which defines a conductive
path connected in parallel with the one or more LEDs, wherein the auxiliary circuit comprises a
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capacitor in the conductive path arranged to bypass a burst current from the LEDs, and further
comprises a circuit for discharging the capacitor not through the LEDs.

Brief Description of the Drawings

[0022] The features and advantages of the invention will be appreciated upon reference to the
following drawings, in which:

Figure 1 1s a diagram of an embodiment of the invention;

Figure 2 Is a schematic diagram of the LED lamp 1 of Figure 1;

Figure 3 Is a more detailed schematic diagram of the LED lamp 1 of Figure 2;
Figure 4 is an alternative embodiment of the LED lamp 1 of Figure 3; and

Figure 5 1s a simplified circuit diagram which may be used as an embodiment of the LED lamp
1.

Description of lllustrative Embodiments

[0023] The following 1s a more detailled explanation of exemplary embodiments of the
iInvention.

[0024] Figure 1 Is a diagram of an embodiment of the invention. The LED lamp 1 Is configured
to be compatible with a luminaire 2 designed for a fluorescent tube, the LED lamp preferably
having the same length and shape as a standard fluorescent tube to enable the LED lamp 1 to
fit into the luminaire without modification. Two electrical connectors 3 (usually in the form of
pins) are provided at each end of the LED lamp 1, for releasably connecting to corresponding
connectors 4 of the luminaire. The luminaire 2 may include a ballast 5 or may have no ballast.
The ballast 5, If included In the luminaire, may be a magnetic ballast, an electronic ballast
which operates as a constant current ballast, or an electronic ballast which operates as a
constant power ballast.

[0025] The luminaire 2 provides electrical power to the LED lamp 1 via the connectors 4. The
electrical power provided by the luminaire 2 which i1s Input to the LED lamp 1 will vary
depending on the design of the luminaire, 1.e. whether the luminaire has a ballast and If so,
what type of ballast.

[0026] A luminaire without a ballast typically provides AC mains voltage at the connectors 4,
e.g. 120Vac or 230Vac at 50Hz or 60Hz. This Is referred to as "direct mains”, although the
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luminaire may Iinclude some electrical circuit components between the AC main input and the
luminaire's connectors 4.

[0027] A magnetic ballast regulates the electrical current supplied by the luminaire using an
Inductive element, typically providing electrical power at the connectors 4 at mains frequency
and voltage similar to the direct mains case.

[0028] An electronic ballast typically converts AC mains voltage power to DC and then back to
a variable frequency AC voltage, providing a high frequency electrical power at the connectors
4. e.g. 100-110Vac at 20kHz to 200kHz. Electronic ballasts are generally designed as constant
current ballasts which are designed to supply electrical current at a substantially constant
amplitude, or constant power ballasts designed to deliver substantially constant power and
whose output current will vary depending on the load impedance to attempt to maintain the
design power output. If the load voltage (e.g. across the LED lamp 1) 1s below the expected
fluorescent lamp voltage, constant power ballasts usually try to increase the output current to
come closer to the design power level.

[0029] Figure 2 Is a schematic diagram of the LED lamp 1 of Figure 1. A rectifier 6 (preferably
a full-wave rectifier) at each end of the LED lamp 1 connects to connection pins 3 and
functions to rectify an AC voltage applied to the connection pins 3 (i.e. supplied by the
connectors 4 of luminaire 2) to generate a DC voltage for powering the LED lamp 1.

[0030] The LED lamp 1 includes one or more LEDs 7 for generating light. Although three LEDs
are shown In the drawings, any number of LEDs may be used as appropriate considering the
specification of LEDs used, the amount of light to be generated, and the overall design of the
LED lamp. The LEDs 7 may be connected In series or parallel, or multiple series strings of
LEDs connected In parallel, or any other combination of connections as desired.

[0031] The LED lamp 1 includes a ballast protection circuit 10 for supplying power to the LEDs
/ when the LED lamp 1 detects it is receiving power from a luminaire with an electronic ballast,
and includes a filter circuit 20 and switched-mode power supply 30, for supplying power to the
LEDs 7 when the LED lamp 1 detects it Is receiving power from a luminaire without a ballast or
with a magnetic ballast. A switching circuit 40 is also included for sensing the received power
and switching the various circuits in dependence on the characteristics of the received power.
The switching circuit 40 may be implemented as a centralized circuit for generating multiple
switching signals, or as several separate circuits each generating a switching signal where the
multiple signals together perform the function of the switching circuit 40. The switching circuit
40 may be implemented as one or more simple circuits formed by discrete circuit elements, or
may be implemented as one or more integrated circuits or microcontrollers or the like. An
Integrated circuit or microcontroller can additionally be used to ensure the switching signals do
not switch the circuits of LED lamp 1 into an unsafe or undesired configuration.

[0032] In this embodiment, LED lamp 1 comprises two parallel power supply circuits for
powering the LEDs 7. First power supply circuit 50 supplies power via ballast protection circuit
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10, for operation In a luminaire with an electronic ballast. Second power supply circuit 51
supplies power via filter circuit 20 and switched-mode power supply 30, for operation In a
luminaire without a ballast or with a magnetic ballast.

[0033] When LED lamp 1 is installed in a luminaire with no ballast, the connectors 3 typically
receive AC mains voltage, and the output from the rectifiers 6 (preferably full-wave rectifiers) iIs
a pulsating DC voltage with maximum voltage typically close to 1/70Vpk and 325Vpk for 120Vac
and 230Vac applications respectively, and a ripple frequency of twice the mains frequency, e.g.
100Hz or 120Rz (for full-wave rectification).

[0034] When LED lamp 1 i1s Installed in a luminaire with a magnetic ballast, the connectors 3
typically receive AC mains voltage modified by the inductive element in the ballast, and during
steady-state operation the output from rectifiers 6 (preferably full-wave rectifiers) is a pulsating
DC voltage similar to the situation with no ballast.

[0035] When LED lamp 1 is installed in a luminaire with an electronic ballast, the connectors 3
receive a high frequency AC voltage generated by the electronic ballast. WWhen the electronic
ballast is started, it first generates a high output voltage typically around 400Vac designed to
Ignite a fluorescent lamp. After the ignition period the output voltage drops and i1s dependent
on the load impedance, typically having a voltage lower than AC mains voltage, e.g. In the
range from 40-80Vac depending on the load, and having a frequency much higher than AC
mains voltage, e.g. in the range from 20kHz to 200kHz. Accordingly, the output from rectifiers 6
IS a high frequency pulsating DC voltage with low maximum voltage (after the ignition period)
typically in the range 40-80Vac (depending on the load) and with a high frequency ripple of
typically 40kHz to 400kHz.

[0036] The switching circuit 40 detects the type of ballast (if any) supplying power to LED lamp
1 and switches LED lamp 1 between different operating modes In dependence on the
detection. In one embodiment switching circuit 40 I1s designed to distinguish between, on the
one hand direct mains power or power supplied from a magnetic ballast, and on the other
hand power supplied from an electronic ballast.

[0037] In one embodiment, switching circuit 40 senses the voltage supplied to LED lamp 1 to
distinguish an electronic ballast from a magnetic ballast or direct mains. For a magnetic ballast
or direct mains the voltage supplied to LED lamp 1 is substantially the mains voltage, e.g. 120
or 230Vac. This i1s significantly higher than the typical output voltage of an electronic ballast,
which is typically in the range 40-80Vac depending on number of LEDs 7 In series. This permits
a simple, compact and low cost circuit to be used to implement in switching circuit 40, to detect
when the supply voltage 1s above or below a threshold (e.g. 100Vac) to distinguish the type of
ballast In use.

[0038] In another embodiment, switching circuit 40 senses the frequency of the voltage or
current supplied to LED lamp 1 to distinguish an electronic ballast from a magnetic ballast or
direct mains. For a magnetic ballast or direct mains the frequency of the AC voltage and
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current supplied to LED lamp 1 i1s substantially the mains frequency, e.g. 50 or 60 Hz. This Is
much lower than the typical output frequency of an electronic ballast, which is typically in the
range of 20 to 200 kHz. Thus, switching circuit 40 may be designed to detect when the supply
frequency Is above or below a threshold to distinguish the type of ballast in use.

[0039] The sensing of the supply voltage or frequency may be made on the AC side of the
rectifler, measuring the amplitude or frequency of the AC voltage received from the luminaire,
or may be made on the DC side of the rectifier, measuring the amplitude or ripple frequency of
the rectifled DC voltage supplied to the LED lamp 1.

[0040] When switching circuit 40 detects that LED lamp 1 i1s receiving power supplied from an
electronic ballast, then switching circuit 40 connects first power supply circuit 50 to supply
power to LEDs 7 via ballast protection circuit 10, and disconnects second power supply circuit
51. In this operating mode, ballast protection circuit 10 is In operation, and filter circuit 20 Is
preferably disconnected and switched-mode power supply 30 is preferably disabled or put into
a non-operating mode.

[0041] Note that the terms "switch”, and "connect”, "close” or "turn on”, and "disconnect”,
"open” or "turn off, encompass digital on/off switching such as produced by an
electromechanical relay, but also analog switching involving variation in impedance such a
produced by a transistor or MOSFET or the like, 1.e. variation between an on or connected
state with relatively low impedance, to an off or disconnected state with relatively high
iImpedance. In this way the switching circuit 40 determines the path of current to power the

LEDs 7.

[0042] VWhen switching circuit 40 detects that LED lamp 1 Is receiving power supplied from a
magnetic ballast or direct mains, then switching circuit 40 connects second power supply circuit
51 to supply power to LEDs 7 via filter circuit 20 and switched-mode power supply 30, and
disconnects first power supply circuit 50. In this operating mode, ballast protection circuit 10 is
disconnected, while filter circuit 20 Is connected and switched-mode power supply 30 Is
enabled.

[0043] Switched-mode power supply 30 may be of conventional design for converting the
rectiflied DC supply from rectifiers 6 to generate a switched DC output suitable for driving LEDs
7. Filter circuit 20 provides filtering of the electromagnetic interference (EMI) generated by
switched-mode power supply 30.

[0044] Filter circuit 20 may also preferably include a surge protection circuit or device, to
protect against surges Iin the AC mains supply when second power supply circuit 51 iIs
connected for operation with a magnetic ballast or direct mains. A metal oxide varistor (MOV)
or similar circuit element may be used as a surge protection device, typically with a clamping
voltage In the range of 275V to 400V. This surge protection i1s not necessary when first power
supply circuit 50 Is connected for operation with an electronic ballast, because electronic
ballasts usually provide surge protection internally. Furthermore, electronic ballasts typically
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Include an ignition mechanism which generates a high ignition voltage when turned on, as a
design feature to quickly start a fluorescent tube. Repeated exposure to this initial high voltage
every time LED lamp 1 is turned on when Installed in a luminaire fitted with an electronic
ballast, will likely cause premature failure of the surge protection device. Thus, when switching
circuit 40 detects that LED lamp 1 Is receiving power supplied from an electronic ballast,
switching circuit 40 disconnects filter circuit 20 and disconnects the surge protection circuit or
device as well.

[0045] The switching circuit 40 thus switches LED lamp 1 between different operating modes in
dependence on whether LED lamp 1 Is receiving power from a magnetic ballast or direct mains
on the one hand, or from an electronic ballast on the other hand. If LED lamp 1 Is receiving
electrical power supplied from an electronic ballast, the first power supply circuit 50 Is
connected to supply power to LEDs 7. Ballast protection circuit 10 then operates, and may
switch LED lamp 1 between further operating modes in dependence on whether LED lamp 1 I1s
receiving power from an electronic ballast which operates as a constant power ballast or from
an electronic ballast which operates as a constant current ballast.

[0046] Figure 3 Is a more detailed schematic diagram of the LED lamp 1 of Figure 2, showing
details of one embodiment of the switching circuit 40, and of one embodiment of the ballast
protection circuit 10, each of which may be used in the LED lamp 1.

Switching circuit 40

[0047] In this embodiment, switching circuit 40 comprises four sensing circuits 41-44 which are
Implemented as separate circuits. A first sensing circuit 41 generates an output 41a for
operating first switch 45 for connecting and disconnecting the first power supply circuit 50 to
supply current to LEDs 7 via ballast protection circuit 10. A second sensing circuit 42, which is
Implemented In the internal circuitry of switched-mode power supply 30 In this embodiment,
generates an output for enabling or disabling the switched-mode power supply 30, for example
by enabling or disabling operating switch 46 of switched-mode power supply 30. A third
sensing circuit 43 generates an output 43a for operating third switch 47 for connecting or
disconnecting one or more components In the filter circuit 20. A fourth sensing circuit 44
generates an output 44a for operating switch 48 for ballast protection circuit 10.

[0048] Switches 45-48 may be any type of suitable switch, for example, an electromechanical
switch such as a relay, or a semiconductor switch such as a transistor, MOSFET or the like.
Note that the terms "open"” and "close” should also be understood to mean "turn off and "turn
on" or "disable” and "enable" respectively when referring to any of the switches described In
this specification.

[0049] First sensing circuit 41 provides an output for controlling operation of first switch 45.
When first switch 45 Is closed, first power supply circuit 50 1s connected to supply power to
LEDs 7, when it Is detected that the LED lamp 1 Is receiving power from an electronic ballast.
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First switch 45 connects the LEDs 7 directly to the DC power supply, 1.e. to DC power supply
ine 9, via the ballast protection circuit 10. VWhen first switch 45 is open, first power supply
circuit 50 I1s disconnected. In one embodiment, first switch 45 I1s normally in the closed position,
and when first sensing circuit 41 detects that LED lamp 1 is receiving power via a magnetic
ballast or direct mains, its output causes first switch 45 to open, so that first power supply
circuit 50 I1s disconnected. In another embodiment, first switch 45 is normally in the open
position, and when first sensing circuit 41 detects that LED lamp 1 Is receiving power via an
electronic ballast, its output causes first switch 45 to close, so that first power supply circuit 50
IS connected to the LEDs 7 via ballast protection circuit 10. In this embodiment, first sensing
circuit 41 senses on the AC side of the rectifier, measuring the frequency of the AC voltage
received from the luminaire 2. Since the frequency varies greatly between the relatively low
frequency for direct mains or a magnetic ballast, and relatively high frequency for an electronic
ballast, the first sensing circuit 41 can readily distinguish between these situations. Although
sensing voltage 1s also possible, this 1s more difficult since the voltage to be measured is
floating. Sensing on the DC side I1s also possible, but requires a more complex circuit.

[0050] In this embodiment, second switch 46 1s part of switched-mode power supply 30, 1.e. it
IS the switch In the power supply which generates the switched output to drive the LEDs 7. In
this embodiment, switched-mode power supply 30 includes second sensing circuit 42 to enable
or disable operation of switched-mode power supply 30 by sensing the amplitude or frequency
of the electrical power received by switched-mode power supply 30. In one embodiment,
second sensing circuit 42 detects the voltage at the input of switched-mode power supply 30
and/or current flowing through the switched-mode power supply 30, and generates an output
to Initiate operation of switched-mode power supply 30 when the voltage across the switched-
mode power supply 30 or current through the switched-mode power supply 30 exceeds a
certain threshold. For example, operation of switched-mode power supply 30 may be Initiated
when its input voltage is in the range of 40-60V.

[0051] When first switch 45 Is closed to connect the first power supply circuit 50 while power Is
supplied to LED lamp 1, the voltage across and current through switched-mode power supply
30 drops, and sensing circuit 42 generates an output which disables operation of switched-
mode power supply 30 and switch 46 iIs put in the open state. VWhen first switch 45 1s open
while power Is supplied to LED lamp 1, the voltage across and current through switched-mode
power supply 30 rises, and sensing circuit 42 generates an output which enables operation of
switched-mode power supply 30.

[0052] When switched-mode power supply 30 Is enabled, second switch 46 switches at high
frequency (typically around 50 kHz) to generate an output to drive LEDs 7. VWhen switched-
mode power supply 30 Is disabled, second switch 46 is set to the open position, so that
switched-mode power supply 30 does not supply power to the LEDs 7 (i.e. the connection of
DC power line 9 to LEDs 7 via switched-mode power supply 30 Is disconnected). In another
embodiment, switched-mode power supply 30 receives a signal from switching circuit 40 to
enable or disable operation of the switched-mode power supply 30. In another embodiment, an
additional switch it provided separate from switched-mode power supply 30 to connect or
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disconnect second power supply circuit 51 (and switched-mode power supply 30).

[0053] Third sensing circuit 43 provides an output for controlling operation of third switch 47.
When third switch 47 I1s closed, filter circuit 20 1s connected and functions to filter EMI
generated by switched mode power supply 30, and when third switch 47 1s open, at least some
of the components of filter circuit 20 are disconnected or bypassed. In one embodiment, third
switch 47 connects filter circuit 20 across the DC power supply (i.e. between DC power line 9
and ground (0V) at the output of rectifiers 6) to enable the filter circuit 20 to filter out EMI
generated by switched-mode power supply 30. When the first power supply circuit 50 Is In use
(Le. when LED lamp 1 receives power from an electronic ballast) and second power supply
circuit 51 1s not used, third switch 4/ disconnects filter circuit 20. This 1s done because the
front-end capacitor in the filter circuit (connected across the DC power supply, between DC
power line 9 and ground) may prevent the proper operation of ballast protection circuit 10 by
bypassing (at least some of) the high frequency component of the current supplied from the
electronic ballast to ground, which may also cause a loss of system efficiency by diverting
current away from the LEDs 7. This capacitor may also cause compatibility issues with some
designs of electronic ballasts during the ballast ignition phase. Some electronic ballasts sense
whether a lamp iIs present at its output before starting the ignition phase, by passing a very
small current through the filaments of the lamp and sensing the return current to confirm there
IS a lamp fitted in the luminaire. The front-end capacitor of filter circuit 20 will be charged by
this small current, and the ballast will not detect a return current and may shut down. This
would result in poor compatibility when LED lamp 1 i1s used with such ballasts. Switch 47 solves
these problems.

[0054] In this embodiment, third sensing circuit 43 senses on the DC side of the rectifier,
measuring the amplitude of the rectified DC voltage supplied to the LED lamp 1. Since the
operating voltage varies greatly between the relatively high peak voltage for direct mains or a
magnetic ballast and relatively low voltage for an electronic ballast, referenced to ground (0V),
a simple circuit can be used to distinguish between these situations. This design enables a
simple and cost effective circuit to be used. Sensing of frequency and/or sensing on the AC
side of the rectifiers is also possible, but leads to a more complex circuit.

[0055] In one embodiment, third switch 47 is normally in the open position with the filter circuit
10 disconnected, and when third sensing circuit 43 detects that LED lamp 1 Is receiving power
via a magnetic ballast or direct mains, its output causes third switch 47 to close, so that the
filter circuit 20 1s connected. In another embodiment, third switch 47 1s normally in the closed
position, and when third sensing circuit 43 detects that LED lamp 1 1s receiving power via an
electronic ballast, its output causes third switch 47 to open, so that filter circuit 20 is
disconnected. Third switch 47 Is preferably an electromagnetic relay rather than a
semiconductor switch such as a transistor or MOSFET. A relay typically has a very low
Impedance when closed, whereas a semiconductor switch has a relatively higher impedance
even when turned on, e.g. a few hundred milliohms. This higher "on" iImpedance of a
semiconductor switch leads to higher EMI emissions from the circuit, which is avoided by use
of the relay switch.
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[0056] In one embodiment, the closing of first switch 45 1s delayed for a short time, e.g. by a
few hundred milliseconds, to simulate the ignition behavior of a fluorescent lamp. When LED
lamp 1 1s turned on and detects that an electronic ballast is supplying power to the LED lamp,
switching circuit 40 will operate to connect first power supply circuit 50 to supply power to the
LEDs 7. However, imposing a short delay between turning on the electronic ballast and the
closing of first switch 45 creates a short period when the impedance of LED lamp 1 as seen by
the ballast is high. This short delay may be implemented In first sensing circuit 41 to impose a
predetermined delay before closing first switch 45. This simulates the start-up behaviour of a
fluorescent lamp which has a high impedance before the fluorescent tube ignites. This feature
avoids problems when operating LED lamp 1 with electronic ballasts which are designed to
expect a high load impedance at startup and may shutdown or behave erratically if the load
Impedance Is too low. Thus, this feature improves the compatibility of LED lamp 1 with
electronic ballasts.

Ballast protection circuit 10

[0057] When the LED lamp 1 detects that the electrical power supplied by the luminaire is
supplied from an electronic ballast, the filter circuit 20 and switched-mode power supply 30 are
bypassed, and power Is supplied to LEDs 7 via ballast protection circuit 10. Ballast protection
circuit 10 operates as a variable impedance arranged in series with LEDs 7. When current
drawn by LED lamp 1 or voltage across the LED lamp 1 is within the expected range, the
Impedance of ballast protection circuit 10 is low, but when the current or voltage exceeds a
threshold, the impedance of ballast protection circuit 10 Is Increased to Increase the
iImpedance of LED lamp 1 across the output of the luminaire 2 and ballast 5 supplying power to
the LED lamp. This increased impedance reduces problems when operating the LED lamp with
certain types of electronic ballasts which operate as constant power ballasts, e.g. reducing
system power of such ballasts by around 15% by adding impedance In the circuit.

[0058] The ballast protection circuit 10 can switch between at least two impedance values, so
as to conduct current at least in a low impedance mode and in a high impedance mode and
optionally further modes, e.g. In two or more discrete operation modes. Alternatively, the
ballast protection circuit 10 may comprise a variable impedance that can continuously change
an effective iImpedance to conduct current at different mpedance values.

[0059] Ballast protection circuit 10 is connected in series with LEDs 7, so that variation in the
Impedance of ballast protection circuit 10 will vary the total impedance of the LED lamp 1
appearing across the output of the luminaire 2 and ballast 5. Ballast protection circuit 10 varies
its iImpedance In dependence on the current drawn by the LED lamp 1 and/or the voltage
across the LED lamp 1. In this embodiment, when current drawn from ballast 5 and/or the
voltage supplied by ballast 5 exceeds a predetermined threshold, the ballast protection circuit
10 1s arranged to automatically switch from a low impedance mode to a high impedance mode
so that the current flowing through ballast protection circuit 10 and LEDs 7, and thus the
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current drawn from luminaire 2 is reduced, and thermal runaway and other detrimental effects
on ballast 5 can be avoided and the lifetime of ballast 5 can be increased.

[0060] In this way, LED lamp 1 which draws a low power can be safely fitted in a luminaire 2
designed for a higher power fluorescent lamp (e.g. a 28W LED lamp replacing a 58W
fluorescent tube), even when luminaire 2 is equipped with a constant power ballast. The LED
load impedance of LED lamp 1 i1s much lower than the load impedance of a fluorescent lamp.
The constant power ballast will try to maintain its design output power (e.g. 58W). The output
voltage across the ballast load (LED lamp 1) will be lower, and the ballast will react by driving
higher output current to maintain a constant output power level. Ballast protection circuit 10 Is
designed to react to the higher ballast output current or voltage and automatically increase its
Impedance. Current flowing from the ballast flows through ballast protection circuit 10 and
LEDs 7, and a change of impedance of protection circuit 10 will affect the total impedance
across the output of the ballast. The increase in the total impedance of LED lamp 1 increases
the voltage across the ballast output, and reduces ballast output current to avoid damage to
the ballast.

[0061] The ballast protection circuit 10 1s arranged to measure or react to a current and/or a
voltage, wherein a change of the measured value(s) represents a change of the total current
drawn from the ballast and/or the voltage across the LED lamp 1. The ballast protection circuit
10 may Include a sensor, e.g. a voltage or current sensor, or may use an electrical element
which has different characteristics at different current/voltage values, or an electrical element
that reacts or "trips” when a certain current or voltage threshold is reached.

[0062] In the embodiment of Figure 3 the ballast protection circuit 10 comprises an impedance
11 and fourth switch 48 arranged In parallel, which together form a variable impedance. The
iImpedance 11 may be an Inductive element, resistive element, active element, or any
combination of these. Impedance 11 Is preferably an Inductive impedance having an
Inductance between 0.12 and 0.3 mH, and preferably 0.18 mH. The fourth switch 48 may be a
fuse or circuit breaker element, which combines a circuit breaking function with a current
sensing function, sensing the current flowing through fourth switch 48, i.e. the fuse blows or the
circuit breaker trips when the current flowing through the fuse or circuit breaker exceeds a
predetermined threshold. Alternatively, fourth switch 48 may be any suitable type of switch, for
example, an electromechanical relay or a semiconductor switch such as a transistor or
MOSFET, which 1s operated (opened/turned off and closed/turned on) by a separate fourth
sensing circuit 44.

[0063] The separate fourth sensing circuit 44 may measure a current representing current
drawn by the LED lamp 1 from the luminaire and/or a voltage representing a voltage supplied
to the LED lamp 1 from the luminaire. In one embodiment, the fourth sensing circuit 44
Includes active sensing components, e.g. provided with one or more operational amplifiers,
and/or one or more transistors, and/or one or more MOSFETs, and/or a microcontroller or
microprocessor to monitor the current extracted from the ballast and/or the voltage supplied by
the ballast. Fourth switch 48 can be designed for one-time use (such as a fuse) or may be
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resettable (such as a circuit breaker). A temperature-operated switch (e.g. a thermo-switch)
may also be used.

[0064] The ballast protection circuit 10 may be arranged to switch from a low impedance mode
to a higher impedance mode by opening fourth switch 48. In the embodiment shown, in the low
Impedance mode, fourth switch 48 Is closed and impedance 11 is short-circuited (bypassed) by
the switch. The impedance of fourth switch 48 Is preferably low, so that in the low impedance
mode, ballast protection circuit 10 has a negligible effect on the operation of ballast 5 and LED
lamp 1. In the higher impedance mode (as shown), fourth switch 48 I1s open, so that
substantially all of the current drawn from the ballast 5 flows through impedance 11.
Impedance 11 has an impedance sufficiently large to increase the overall impedance across
LED lamp 1 and across the output of ballast 5, preferably increasing the impedance by at least
20-30 times. As an example, the load impedance of LEDs 7 is typically a few tens of ohms, and
the ballast protection circuit 10 adds around 100 ohms In the high impedance mode.

[0065] In a preferred embodiment, the low impedance mode is primarily resistive and iIs
preferably the default operation mode, and ballast protection circuit 10 Is arranged to switch
from the low impedance mode to a higher impedance mode only if an increase In measured
current and/or voltage exceeds a threshold value. This ensures that LED lamp 1 operates In
the low iImpedance mode, e.g. when ballast 5 1s a constant current ballast. Constant current
ballasts typically have a self-protection/self-correcting mechanism to avoid potential problems
of maintaining a constant current. If the impedance of LED lamp 1 deviates from the usual
fluorescent tube iImpedance too much (e.g. having a large or complex impedance such as
Inductive or capacitive), there Is a risk that the ballast will automatically shut down or enter a
safety mode. By designing LED lamp 1 to operate in the low impedance mode by default, the
risk of this happening can be reduced.

[0066] In one embodiment, the fourth switch 48 or fourth sensing circuit 44 1s arranged to
determine whether a current flowing through the fourth switch 48 and/or a voltage across the
fourth switch 48 exceeds a predetermined threshold value.

[0067] For example, when the current and/or voltage is below the threshold value, e.g. when a
constant current ballast is connected to LED lamp 1, fourth switch 48 remains closed so that
the effective impedance of ballast protection circuit 10 has an order of magnitude determined
by the impedance of fourth switch 48 (low impedance mode). When the current/voltage
exceeds the threshold value (e.g. when the ballast 1s a constant power ballast, which may
generate for example twice the current from the ballast relative to a constant current ballast),
the fourth switch 48 is opened, so that the effective impedance of ballast protection circuit 10
has an order of magnitude determined by impedance 11. As a result, ballast protection circuit
10 switches from the low impedance mode to a higher impedance mode, reducing the current
drawn from the ballast to avoid thermal runaway.

[0068] Figure 4 Is an alternative embodiment of the LED lamp 1 of Figure 3. In this
embodiment, the third switch 47 i1s arranged In series with the filter circuit 20. When third
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sensing circuit 43 detects that LED lamp 1 i1s receiving power from direct mains or a magnetic
ballast, the third sensing circuit 43 provides an output to close third switch 47 to connect the
second power supply circuit 51, 1.e. filter circuit 20 and switched-mode power supply 30. Many
types of electronic ballast are designed to carry out internal diagnostic checks when they are
turned on. When the LED lamp 1 receives power from an electronic ballast, it is preferable that
LED lamp 1 presents a high impedance load to the electronic ballast for a period long enough
for the ballast to perform these internal diagnostic checks (i.e. similar to the initial high
Impedance of a fluorescent tube). As a consequence, in the embodiment depicted in Figure 4
the sensing circuit 43 preferably has an impedance, upon switch on of the mains power supply
(with or without a ballast), of at least 2 MOhm for a time period of at least 75 msec.

[0069] Figure 5 is a simplified circuit diagram which may be used as an embodiment of the
LED lamp 1 of Figure 2 and Figure 3.

[0070] Filter circuit 20 comprises an inductor L1 in series with the switched-mode power supply
30, resistor R1 In parallel with the inductor, capacitor C1 between the DC power line 9 and
ground, and capacitor C2 between the output of filter circuit 20 and ground, both capacitors
connected to ground via electromagnetic relay K1 (serving as third switch 47). Filter circuit 20
also Iincludes a metal oxide varistor MOV1 providing surge protection, connected between the
DC power line 9 and ground via relay K1. Thus, when relay K1 1s open (i.e. switch 47 opened),
capacitors C1 and C2 and surge protector MOV1 are all disconnected to avoid problems when
operating the LED lamp 1 with an electronic ballast.

[0071] Relay K1 i1s controlled by a signal generated by third sensing circuit 43. In this
embodiment, third sensing circuit 43 functions as a current sensing circuit to turn relay K1 on
or off In dependence on the output current of switched-mode power supply 30, measured
through transformer T1. This acts as a discriminator between direct mains or magnetic ballast,
and electronic ballast operating modes.

[0072] Switched-mode power supply 30 comprises transistor Q1 (serving as second switch 46)
which performs the switching function of the power supply to generate the desired output for
driving the LEDs 7. Transistor Q1 1s connected to drive LEDs 7 via resistor R2, transformer T1,
and diode D2 connected In series. Smoothing of the switched output from the switched-mode
power supply 30 Is provided by the inductance of transformer T1 and capacitor C4. Diode D3
functions as a freewheeling and diode D2 functions to electrically disconnect switched-mode
power supply 30 from ballast protection circuit 10 and transistor Q2 (first switch 45). This
allows the load impedance of LED lamp 1 to be resistive and provides good compatibility with
different types of ballasts. With an electronic ballast, resistor R4 is used to discharge capacitor
C4 after the LED lamp 1 1s turned off. Transistor Q1 is controlled by a microcontroller to
provide the required switching function to generate the desired output for driving the LEDs 7.
The microcontroller also includes a sensing circuit for sensing of the voltage across resistor R2
to enable and disable operation of the switched-mode power supply. A signal from a separate
sensing circuit may be used as an Input to the microcontroller to enable or disable the
switched-mode power supply, e.g. putting transistor Q1 in the turned-off state.
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[0073] Transistor Q2 (serving as first switch 45) I1s connected In series with ballast protection
circuit 10. When transistor Q2 is turned off, power supply to the LEDs 7 via ballast protection
circuit 10 1s disconnected, and when transistor Q2 is turned on power supply to the LEDs 7 via
ballast protection circuit 10 i1s connected. Transistor Q2 may be controlled by first sensing
circuit 41 described above, or another sensing circuit performing the sensing function.

[0074] Ballast protection circuit 10 comprises series-connected diode D4 and transistor Q3
(serving as fourth switch 48) which are connected In parallel with inductor L2. When transistor
Q3 i1s turned off, the impedance of inductor L2 appears in series with LEDs 7, so that the
Impedance across the LED lamp 1 (i.e. between DC power line 9 and ground) includes the
iImpedance of inductor L2 added to impedance of LEDs 7. When transistor Q3 is turned on,
Inductor L2 Is shorted by diode D4 In series with transistor Q3. Since the forward impedance of
diode D4 and the impedance across transistor Q3 In the on state are both much smaller than
the impedance of inductor L2, the impedance across the LED lamp 1 (i.e. between DC power
ine 9 and ground) Is reduced by effectively removing the impedance of inductor L2. Transistor
Q3 may be controlled by fourth sensing circuit 44 described above, or another sensing circuit
performing the sensing function.

[0075] In some designs of electronic ballasts, the ballast continues to output power for a short
period after the lamp has been switched off, particularly in the form of voltage spikes, pulses,
or bursts of voltage spikes or pulses (simply called bursts in the following). These busts do not
cause a problem when the ballast is driving a fluorescent lamp, but may cause an LED lamp to
produce flashes of light when the lamp Is switched off by the user, which Is undesirable. The
embodiment of figure 5 Includes an additional circuit to reduce or avoid these light flashes
when the LED lamp 1 1s used with this type of electronic ballast.

[0076] In this embodiment, an auxiliary circuit 60 provides a conductive path connected In
parallel with the LEDs 7, so that current generated by the bursts Is conducted via the
conductive path to bypass the LEDs 7. In order to bypass the burst current, the conductive
path should have a lower impedance than the LEDs. In this embodiment, the conductive path
comprises capacitor C5. A capacitance i1s preferred to provide a low impedance at the high
burst frequency. The capacitance of the capacitor C5 i1s preferably high enough to absorb the
burst current, e.g. to avoid quickly approaching a maximum charged state when a burst Is
received, and low enough so that the capacitor iIs sufficiently discharged during the time
Intervals between bursts, so that the capacitor can absorb the current from the next burst.

Preferably, the capacitor C5 has a capacitance in a range of 10 yF - 50 uF.

[0077] VWhen a burst voltage occurs, In particular during peaks of each burst, capacitor C5
conducts current and bypasses the LEDs 7. In this way, only a small portion or none of the
burst current flows through LEDs 7, so that the LEDs produce very little or no light. As a result,
the light flashes caused by the bursts can be avoided or reduced.

[0078] In the embodiment shown, the auxiliary circuit 60 Is arranged to discharge capacitor C5
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during the time Interval between bursts, typically in a range from 1 millisecond to 300
milliseconds. Resistor RS and Zener diode D6 conduct to discharge capacitor C5 when it

becomes charged above the threshold voltage of diode D6, and diode D5 prevents capacitor
C5 from discharging through LEDs 7 which would generate light flashes.

[0079] While the principles of the Invention have been set out above In connection with specific
embodiments, it is to be understood that this description 1s merely made by way of example
and not as a limitation of the scope of protection, which is determined by the appended claims.
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Patentkrav

1. LED-lampe (1) der er egnet til brug | et armatur (2), hvilken LED-lampe (1)

omfatter:

10

15

20

25

et ferste par konnektorer (3) 1 den ferste ende af LED-lampen (1),
et andet par konnektorer (3) | den anden ende af LED-lampen (1),

hvilken LED-lampe (1) er konfigureret til at modtage elektrisk effekt fra

armaturet (2) via det ferste par og det andet par konnektorer (3);

en ensretter (6) | hver ende af den ferste ende og den anden ende der er
konfigureret til at ensrette den modtagne elektriske effekt og til at levere

en ensrettet spaending eller strem til LED-lampen (1);
en eller flere LED’er (7);

et ballastbeskyttelseskredslab (10) der inkluderer en impedans (11), hvil-
ket ballastbeskyttelseskredslab (10) kan tilsluttes |1 serie med en eller fle-
re LED’er (7);

en switched-mode-streamforsyning (30) der er forbundet til den ene eller

de neaevnte flere LED’er (/) for at drive den ene eller de naevnte flere
LED’er (7);

et fllterkredslab (20) der kan tilsluttes til filtrering af st@j], som er genereret

af switched-mode-stramforsyningen;
et switching-kredslab (40) der omfatter:

sensorkredslab (41-44) som er Indrettede til at generere mindst et out-
put, der er afhaengigt af om den elektriske effekt der er modtaget fra ar-
maturet (2), eller den ensrettede spaending eller stram der er forsynet il
LED-lampen (1), indikerer, at den elektriske stream er tilvejebragt via en
magnetisk ballast, en elektronisk ballast der drives som en konstant

streamballast, en elektronisk ballast der drives som en konstant effektbal-
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last, eller ikke via en ballast; og hvilken LED-lampe (1) er kendetegnet
ved, at switching-kredslabet (40) er indrettet til at skifte mellem et antal
driftstilstande afhaengigt af det mindst ene output fra sensorkredslabene,

hvilket antal driftstilstande omfatter:

en ferste driftstilstand, 1 hvilken switched-mode-streamforsyningen (30)
drives ved en driftsfrekvens, filterkredslabet (20) er forbundet til filtrering
af ste] som er genereret af switched-mode-streamforsyningen (30), og
pballastbeskyttelseskredsiabet (10) er afbrudt;

en anden driftstilstand, 1| hvilkken switched-mode-stramforsyningen (30)
Ikke er | drift, filterkredslabet (20) er afbrudt, ballastbeskyttelseskredsla-

bet (10) er tilsluttet, og impedansen (11) er omgaet; og

en tredje driftstilstand, | hvilken switched-mode-stramforsyningen (30) Ik-
ke er | drift, filterkredslabet (20) er afbrudt, ballastbeskyttelseskredsiabet

(10) er tilsluttet, og impedansen (11) er forbundet | serie med LED'erne

(7).

2. LED-lampen ifelge krav 1 der omfatter et farste stremforsyningskredsiab (50)
som er Indrettet til at levere strem til den ene eller de naevnte flere LED'er (7)
via ballastbeskyttelseskredslabet (10) og et andet streamforsyningskredslab (51)
som er Indrettet til at levere stream til den ene eller de naevnte flere LED'er (/)

via filterkredslabet (20) og switched-mode-stremforsyningen (30).

3. LED-lampen ifalge krav 2, hvor sensorkredslabene (41-44) omfatter et ferste
sensorkredslab (41), der er Iindrettet til at registrere en spaending som er leveret
af armaturet (2) og til at generere et farste outputsignal (41a) til drift af en ferste
switch (45), hvilken ferste switch er indrettet til at forbinde det farste stremfor-
syningskredslab (50), der er Indrettet til at levere stream via ballastbeskyttelses-

kredslabet (10), til den ene eller de naevnte flere LED'er (7).

4. LED-lampen ifelge krav 3, hvor switching-kredslabet (40) er indrettet til ved
det forste sensorkredsieb (41) at registrere en frekvens af den spaending, der

tilfares af armaturet (2).
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5. LED-lampe ifelge krav 3 eller 4, hvor switching-kredslabet (40) omfatter den
forste kontakt (45), der er Iindrettet til at forbinde ballastbeskyttelseskredsiabet

(10) til den ensrettede spaending eller stream, der tilfeares LED-lampen (1).

6. LED-lampe Iifelge et hvilket som helst af kravene 2-5, hvor switching-
kredslabet (40) omfatter en anden switch (46), og sensorkredslabene (41-44)
omfatter et andet sensorkredslab (42) der er Iindrettet til at registrere en spaen-
ding eller stram som er forsynet til switched-mode-streamforsyningen (30), og
hvor switched-mode-stramforsyningen (30) er Iindrettet til at drive den anden
switch (46) afheengigt af den registrerede spaending eller stram som er detekte-

ret af det andet sensorkredslab (42).

/. LED-lampen ifelge krav 6, hvor det andet sensorkredslab (42) muligger drift
af switched-mode-streamforsyningen (30), nar en speending eller strem, der
modtages af switched-mode-stramforsyningen (30), overstiger en forudbestemt

taerskel.

8. LED-lampe Ifelge krav 6 eller 7, hvor det andet sensorkredsiab (42) muligger
drift af switched-mode-stremforsyningen (30), nar LED-lampen (1) modtager
driftsstram fra armaturet (2) og det ferste streamforsyningskredslab (50) Ikke er
tilsluttet.

9. LED-lampe Ifelge et hvilket som helst af kravene 2-8, hvor switching-
kredslabet (40) omfatter en tredje switch (47), og sensorkredslabene (41-44)
omfatter et tredje sensorkredslab (43) der er indrettet til at registrere den ens-
rettede spaending eller strem som er forsynet til LED-lampen (1) og som er ind-
rettet til at generere et tredje outputsignal (43a) til drift af den tredje switch (47),
hvilken tredje switch er indrettet til at afbryde filterkredslabet (20), nar det farste
stremforsyningskredslab (50) er aktiveret til at forsyne stream til en eller flere
LED’er (7).

10. LED-lampen ifalge krav 9, hvor det tredje sensorkredslab (43) er indrettet il
at registrere en amplitude af den ensrettede spaending eller strem, der er forsy-

net til LED-lampen (1), og at generere det tredje outputsignal (43a).



10

15

20

25

DK/EP 3599794 T3

4

11. LED-lampe ifelge krav 9 eller 10, hvor den tredje switch (4/) omfatter et

elektromagnetisk relee.

12. LED-lampe ifelge et hvilket som helst af de foregaende krav, hvor skifte-
kredslabet (40) omfatter en fjerde switch (48), og sensorkredslabene (41-44)
omfatter et flerde sensorkredslab (44), der er indrettet til at registrere en speaen-
ding eller stram som er forsynet til den ene eller de naevnte flere LED’er (7), og
der er Indrettet til at generere et outputsignal (44a) til drift af den fjerde switch

(48), hvilken fjerde switch er indrettet til at omga impedansen (11).

13. LED-lampen ifelge krav 12, hvor det flerde sensorkredslab (44) er indrettet
til at registrere den spaending eller stram, der er indikativ for strem, som stram-

mer gennem den ene eller de neevnte flere LED'er (7).

14. LED-lampe ifelge krav 12 eller 13, hvor den fjerde switch (48) er indrettet il
at skifte ballastbeskyttelseskredslabet (10) fra en lavimpedanstilstand til en haj-
impedanstilstand, nar den registrerede spaending eller strem, som er registreret

ved det flerde sensorkredslab (44) overstiger en forudbestemt taerskel.

15. LED-lampen ifalge krav 14, hvor impedansen (11) har en induktiv impedans

mellem 0,12 og 0,3 mH, fortrinsvis 0,18 mH.

16. LED-lampe ifalge et hvilket som helst af de foregaende krav der yderligere
omfatter et hjeelpekredslab (60), som definerer en ledende bane, der er forbun-
det parallelt med den ene eller de naevnte flere LED'er (7), hvilket hjeelpekreds-
lob (60) omfatter en kondensator (C5) | den ledende bane der er indrettet til at
omga en spraengstrem fra LED’erne (7), og som yderligere omfatter et kredslab

til at aflade kondensatoren (C5), ikke gennem LED’erne (7).

17. LED-lampe ifolge et hvilket som helst af de foregaende krav, hvor det tredje
sensorkredslab (43) ved modtagelse af den ensrettede spaending eller strem,
der forsynes til LED-lampen (1), har en impedans pa mindst 2-Mohm i en tids-

periode pa mindst 75 ms.
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