wo 2014/115010 A1 |1 I} NP0 OO0 R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/115010 A1

31 July 2014 (31.07.2014) WIPO I PCT

(51) International Patent Classification: (74) Agents: VAN EEUWIIJK, Alexander Henricus Walterus
HO5B 33/08 (2006.01) et al.; High Tech Campus Building 5, NL-5656 AE Eind-

h NL).

(21) International Application Number: oven (NL)
PCT/IB2013/061444 (81) Designated States (unless otherwise indicated, for every
. . ) kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
31 December 2013 (31.12.2013) BZ, CA. CH. CL, CN, CO. CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
61/755,513 23 January 2013 (23.01.2013) Us OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(71) Applicant: KONINKLIJKE PHILIPS N.V. [NL/NL]; TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

High Tech Campus 5, NL-5656 AE Eindhoven (NL). ZW.

(72) Inventor: VAN PULJENBROEK, Rick Pim Wouter; c/o (84) Designated States (unless otherwise indicated, for every

High Tech Campus, Building 5, NL-5656 AE Eindhoven
(NL).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: LED TUBE FOR RETROFITTING IN A FLUORESCENT TUBE LIGHTING FIXTURE

(57) Abstract: The present invention relates to a LED tube(1)for retrofitting in
a fluorescent tube lighting fixture having a preheat phase and a normal opera-
tion phase. Said LED tube(1) comprising: an array LEDs(2), a LED driver(4), a
first pair of contact pins(8, 10) and a second pair of contact pins(14, 16)for
connecting said LED tube(1) electronically and mechanically to said fluores-
cent tube lighting fixture, said first pair of contact pins(8, 10) being connected
forming a first circuitry, said second pair of contact pins(14, 16) being connec-
ted forming a second circuitry, one or more resistive elements(6a, 6b) connec-
ted between said first pair of contact pins(8, 10) and arranged to mimic a fila-
ment of a fluorescent tube, a voltage controlled switch(20) arranged to open
and close a current path between said first circuitry and said second circuitry,
and control circuitry(22) for controlling said voltage controlled switch(20), said
control circuitry(22) being arranged to close said voltage controlled switch(20)
during said preheat phase by powering said voltage controlled switch(20) using

6b

1 \ a preheat current, and to keep said voltage controlled switch(20) closed by
powering said voltage controlled switch(20) using an operation current flowing
through said current path between said first pair of contact pins(8, 10) and said

4~ second pair of contact pins(14, 16) during said normal operation phase.
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LED tube for retrofitting in a fluorescent tube lighting fixture

FIELD OF THE INVENTION

The present invention is related to a LED tube for retrofitting in a fluorescent
tube lighting fixture. Moreover, the present invention is also related to a method for
preventing a shock hazard during retrofitting of a LED tube in a fluorescent tube lighting

fixture.

BACKGROUND OF THE INVENTION

In a traditional fluorescent tube lamp, the body is a straight tube with a length
of 15 to 60 times the diameter of the tube. Fluorescent tubes are low-pressure mercury
discharge lamps in which the inner surface of the tube is coated with fluorescent material.
The fluorescent tube lamp consists of an air-tight glass tube containing a small amount of
mercury, an inert gas, a fluorescent coating, such as phosphor, and electrodes. At each end of
the fluorescent tube, there is a lid with two symmetrically positioned contact pins, to which
the electrodes are connected. Power supply to the fluorescent tube is provided via these
contact pins. When the lamp is in operation, the temperature of the electrodes must be
sufficiently high, so that electrons release from them. A fluorescent lamp does not ignite at a
normal operation voltage without preheating. It is typical of fluorescent tubes that their
cathodes are heated with separate preheat circuits or arrangements. On the other hand, after
the lamp has gone on, the discharging current through the tube must be restricted, so that the
tube will not be damaged. Therefore, all fluorescent tubes require some kind of ballast.

Conventionally, the ballast has been a ballast-starter combination, a so called
passive electro-magnetic, or short EM, ballast. However, nowadays electronic ballasts (e.g.
active high frequency, or short HF, ballasts) are also used. Common to both these types of
ballasts are that the fluorescent tube lighting fixture is arranged to heat the electrodes of the
fluorescent tube with separate preheat circuits or arrangements during a preheat phase.
During the preheat phase the electrodes of the fluorescent tube are heated so that electrons
are emitted. The emitted electrons ionize the gas inside the fluorescent tube. The ionized gas
forms a current path through the tube. A voltage difference between the electrodes of the

fluorescent tube ignites the ionized gas and starts the fluorescent tube lamp. During a normal

Page 3 of 19



10

15

20

25

30

WO 2014/115010 PCT/IB2013/061444
2

operation phase of the fluorescent tube lighting fixture a current is running through the
fluorescent tube that is limited by the EM or HF lamp ballast.

Retrofitting a fluorescent tube with a LED tube is nowadays becoming
common. Retrofitting means replacing a fluorescent tube by a LED tube without altering the
fluorescent tube lighting fixture except for removing or replacing the starter (if the passive -
magnetic ballast is used) by a similar shaped device with a different function (this is
optional). Usually, the LED tube has internal electronics for compatibility with the existing
ballast in the fluorescent tube lighting fixture. When retrofitting a fluorescent tube with a
LED tube both fluorescent tube lighting fixtures having a passive EM-ballast and fluorescent
tube lighting fixtures having an active (HF) ballast must be taken into consideration. The goal
is to be able to replace a fluorescent tube with a LED tube without changing the fluorescent
tube lighting fixture structures. Then, the LED tube can be replaced easily and without
assistance from a professional.

When retrofitting a fluorescent tube with a LED tube a problem related to the
risk of an electric shock during the mounting step of the LED tube occurs. According to the
safety regulations in the field of electricity, fluorescent tube lighting fixtures are to be
constructed in such a way that, when a fluorescent tube is replaced, it is not possible for a
user to touch any parts at the mains voltage even if the fluorescent tube lighting fixture were
carrying voltage. This requirement is met even if the fluorescent tube were replaced in such a
way that only one end of the tube were in contact with the contacts of a tube holder of the
fluorescent tube lighting fixture and the person replacing the tube can touch the other end of
the tube. This requirement is met because no current goes through the gas-filled fluorescent
tube before the gas in the tube is ionized with a starting pulse. In other words, the gas in the
fluorescent tube serves as an insulator in itself. The electric structure of the lighting fixture,
in turn, is such that generation of a starting pulse requires that both ends of the tube be
connected to the contacts of the tube holders. This way the fluorescent tube prevents the risk
of an electric shock during replacement.

With LED tubes, this electric safety requirement is not necessarily met. Inside
LED tubes, there is a printed board or a corresponding structure, on which LEDs and
electronic current supply components that they require are mounted. The purpose of these
components is to convert the alternating voltage of the mains into direct voltage and to
regulate the direct current required by the LEDs. In practice, current flows through these
components once voltage is applied to them, in other words, the LED tube is in a conductive

state without a separate starting pulse. Therefore, in a practical situation, when the LED tube
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is being mounted on a fluorescent tube lighting fixture, the contact pins at one end of the
LED tube may hit the contacts of the tube holder of the fluorescent tube lighting fixture, and
the other end of the tube may remain outside the fluorescent tube lighting fixture, so that the
person mounting or replacing the tube may touch it, whereby he is prone to the risk of an
electric shook.

US2011/0260614 discloses an LED tube for retrofitting in a fluorescent tube
lighting fixture. The LED tube comprises a safety unit arranged to prevent a voltage from
transferring through the tube lamp from its one end to the other until a voltage supplied from
a corresponding tube holder of the fluorescent tube lighting fixture to the pair of contact pins
has been separately detected at each end of the LED tube. Inside the LED tube, there is at
least one optical line that is arranged to transfer a control or measurement signal associated
with the safety unit from one end of the LED tube to the other without capacitive leakage
currents. Although US2011/0260614 presents a solution to the above mentioned problem of
the risk of an electric shook when retrofitting an LED tube in a fluorescent tube lighting
fixture, the solution according to US2011/0260614 is complex and expensive due to the use
of the optical line arranged to transfer a control or measurement signal associated with the

safety unit from one end of the LED tube to the other.

SUMMARY OF THE INVENTION

It is an objective of the present invention to present a simple and unexpressive
solution to the risk of an electric shook when retrofitting an LED tube in a fluorescent tube
lighting fixture.

According to a first aspect of the invention, this and other objectives are
achieved by a LED tube for retrofitting in a fluorescent tube lighting fixture having a preheat
phase during which said fluorescent tube lighting fixture is arranged to preheat filaments of a
fluorescent tube and a normal operation phase during which said fluorescent tube lighting
fixture is arranged to supply said fluorescent tube with an operation current. Said LED tube
comprises an array of LEDs, a LED driver for driving said array of LEDs, a first pair of
contact pins at a first end of said LED tube and a second pair of contact pins at a second end
of said LED tube for connecting said LED tube electronically and mechanically to said
fluorescent tube lighting fixture, said first pair of contact pins being connected forming a first
circuitry, said second pair of contact pins being connected forming a second circuitry, said
LED driver being connected between said first circuitry and said second circuitry, one or

more impedance resistive elements (e.g. resistors, capacitors, inductors, or a combination of
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those, or an electronic circuit mimicking this) connected between said first pair of contact
pins and arranged to mimic a filament of a fluorescent tube, a voltage controlled switch
arranged to open and close a current path between said first circuitry and said second
circuitry, and control circuitry for controlling said voltage controlled switch, said control
circuitry being connected between said first circuitry and said second circuitry and being
arranged to close said voltage controlled switch during said preheat phase of said fluorescent
tube lighting fixture by powering said voltage controlled switch using a preheat current
passing between said first pair of contact pins and through said one or more e.g. resistive
elements, and to keep said voltage controlled switch closed by powering said voltage
controlled switch using an operation current flowing through said current path between said
first pair of contact pins and said second pair of contact pins during said normal operation
phase of said fluorescent tube lighting fixture.

The above LED tube is suitable for retrofitting in a fluorescent tube lighting
fixture without the need to modify the fixture. Said voltage controlled switch being arranged
to be closed by the preheat current and to be kept closed by the normal operation current
prevents a shock hazard from occurring during retrofitting by the LED tube in the fluorescent
tube lighting fixture. This since the voltage controlled switch will be open as long as the LED
tube is not properly fitted into the fluorescent tube lighting fixture. It is only after proper
mounting in the fixture the preheat phase starts. Compared to the LED tube disclosed in
US2011/0260614 the LED tube according to the present invention is simple to manufacture
and is less expensive since no optical line arranged to transfer a control or measurement
signal associated with the safety unit from one end of the LED tube to the other is needed.

According to a second aspect of the invention, this and other objectives are
achieved by a method for preventing a shock hazard during retrofitting of a LED tube in a
fluorescent tube lighting fixture having a preheat phase during which said fluorescent tube
lighting fixture is arranged to preheat filaments of a fluorescent tube and a normal operation
phase during which said fluorescent tube lighting fixture is arranged to supply said
fluorescent tube with an operation current. Said method comprises mimicking filaments of a
fluorescent tube by one or more e.g. resistive elements connected between a first pair of
contact pins at a first end of said LED tube and a second pair of contact pins at a second end
of said LED tube, respectively, said first pair of contact pins being connected forming a first
circuitry, said second pair of contact pins being connected forming a second circuitry
providing a voltage controlled switch arranged to open and close a current path between said

first circuitry and said second circuitry, blocking current through said current path by means
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of said voltage controlled switch, starting said preheat phase of said fluorescent tube lighting
fixture, closing said voltage controlled switch during said preheat phase using current passing
between said first pair of contact pins and through said one or more resistive elements
connected between said first pair of contact pins, keeping said voltage controlled switch
closed using said operation current flowing through said LED tube during said normal
operation phase of said fluorescent tube lighting fixture.

It is noted that the invention relates to all possible combinations of features

recited in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing embodiments of the invention.

Fig. 1 1s a schematic view of a LED tube according to an embodiment of the
present invention for retrofitting in a fluorescent tube lighting fixture.

Fig. 2 is a schematic view of a preferred embodiment of the LED tube.

As illustrated in the Figures, the sizes of layers and regions are exaggerated for
illustrative purposes and, thus, are provided to illustrate the general structures of
embodiments of the present invention. Like reference numerals refer to like elements

throughout.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which currently preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided for thoroughness and completeness, and fully convey the scope of
the invention to the skilled person.

This invention is compatible with all fluorescent tube lighting fixture having a
preheat phase. During the preheat phase the fluorescent tube lighting fixture is arranged to, at
each of the two ends of a fluorescent tube, apply a current between a first pair of contact pins
at a first end of the fluorescent tube and between a second pair of contact pins at a second end
of the fluorescent tube. The current is applied in order to heat a corresponding filament
connected between said first and second pair of contact pins, respectively, so that electrons

are emitted.
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In Fig. 1 an embodiment of a LED tube 1 for retrofitting in a fluorescent tube
lighting fixture is schematically illustrated. The LED tube 1 comprises an array of LEDs 2, a
LED driver 4, one or more impedance resistive elements 6a, 6b, 6¢, 6d, a first pair of contact
pins 8, 10 at a first end 12 of said LED tube 1, and a second pair of contact pins 14, 16 at a
second end 18 of said LED tube 1, a voltage controlled switch 20, and control circuitry 22 for
controlling said voltage controlled switch 20.

The one or more impedance resistive elements 6a, 6b, 6¢, 6d are arranged to
mimic filaments of a fluorescent tube. The one or more impedance resistive elements 6a, 6b,
6¢, 6d are connected between said first pair of contact pins 8, 10 and the second pair of
contact pins 14, 16, respectively. The one or more impedance resistive elements 6a, 6b, 6¢,
6d may e.g. be resistors, capacitors, inductors, or a combination of those, or an electronic
circuit mimicking this. A typical resistance, but not mentioned as a limiting example, of the
one or more impedance resistive elements 6a, 6b, 6¢, 6d arranged to mimic a filament of a
fluorescent tube is in the range of 5Q to 12Q, preferably 5Q to 8Q, more preferably 5Q to
6Q.

The first pair of contact pins 8, 10 and said second pair of contact pins 14, 16
are arranged for connecting said LED tube 1 electronically and mechanically to said
fluorescent tube lighting fixture. The first pair of contact pins (8, 10) being connected
forming a first circuitry. The second pair of contact pins (14, 16) being connected forming a
second circuitry.

The LED driver 4 is connected between the first circuitry and the second
circuitry. The LED driver 4 is arranged to drive the array of LEDs 2. The LED driver 4 is
arranged in series with the first circuitry and the second circuitry.

The voltage controlled switch 20 is arranged to open and close a current path
between said first circuitry and said second circuitry. Thus, the voltage controlled switch 20
is arranged to open and close a current path going through the LED tube 1. The control
circuitry 22 is arranged to close the voltage controlled switch 20 during the preheat phase of
said fluorescent tube lighting fixture using a preheat current passing between said first pair of
contact pins 8 ,10 and through said one or more impedance resistive elements 6a, 6b, thus,
the preheat current is going through said first circuitry. Moreover, said control circuitry 22 is
also arranged to keep said voltage controlled switch 20 closed using an operation current
flowing through said current path between said circuitry and said second circuitry during said

normal operation phase of said fluorescent tube lighting fixture.
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The principle of operation of said LED tube 1 will now be discussed in more
detail. The filaments of a fluorecent tube are mimicked electronically by one or more
impedance resistive elements 6a, 6b, 6¢, 6d. When the ballast of the fluorecent tube lighting
fixture is off, current flow through the LED tube 1 is blocked by said voltage controlled
switch 20, comprising e.g. a relay or a semiconductor. When the ballast of the fluorescent
tube lighting fixture is turned on, the preheat phase will start. Note, that in the case of a
fluorescent tube fixture having a preheat phase, this preheat phase is only started when the
LED tube is connected with both ends 12, 18 to the fixture. During the preheat phase the
preheat current is used to close said voltage controlled switch 20. This will allow current to
flow through the LED tube 1 between the outputs of the ballast of the fluorecent tube lighting
fixture. The current flowing through the LED tube 1 in a normal operation phase is used to
keep said voltage controlled switch 20 closed. Thus, said voltage controlled switch 20 is
powered by both the preheat current flowing between said first pair of contact pins 8, 10 and
the operation current flowing through the LED tube 1 in the current path between said first
circuitry and said second circuitry.

In connection with Fig. 2 a detailed possible implementation of the present
invention is explained. Note that currents are alternating, having both positive and negative
direction. The current flow during only one half of a sinus-cycle is shown. According to this
embodiment said voltage controlled switch 20 comprises a relay 24 having a coil. Moreover,
according to this embodiment said control circuitry 22 comprises a chargeable voltage
supplier 26 and a voltage regulator element 28. Said chargeable voltage supplier 26 is
arranged to power said voltage controlled switch 20 and to be charged both by said preheat
current passing between said first pair of contact pins 8, 10 during said preheat phase and by
said operation current flowing through said current path between said first circuitry and said
second circuitry during said normal operation phase. According to the embodiment of Fig. 2
said voltage supplier 26 is a capacitor. Said voltage regulator element 28 is having a first
threshold voltage. When the voltage across said chargeable voltage supplier 26 reaches said
first threshold voltage said voltage regulator element 28 is being arranged to conduct
preventing the voltage across said chargeable voltage supplier 26 from rising any further.
According to the embodiment of Fig. 2 said voltage regulator element 28 is a Zener diode.

Assume that the currents generated by the ballast of the fluorecent tube
lighting fixture are higher than the current required to power the coil of the relay 24. At the
starting point all currents and voltages are set to zero and there is no charge in said

chargeable voltage supplier 26. When power is applied to the driver of the fluorecent tube
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lighting fixture, it starts generating two separate preheat current loops (indicated by dashed
lines): one current loop starting at impedance resistive element 6a and returning through
impedance resistive element 6b and one current loop starting at impedance resistive

element 6¢ and returning through impedance resistive element 6d. The current through
impedance resistive elements 6a and 6b charges said chargeable voltage supplier 26, resulting
in an increasing voltage across the coil of the relay 24. The preheat current is much larger
than the current drawn by the coil of the relay 24. Therefore said chargeable voltage

supplier 26 is almost immediately charged to said first threshold voltage of the voltage
regulator element 28 which starts to conduct. When the voltage across the coil of the relay 24
reaches a threshold voltage of the relay 24, the contacts of the relay 24 will close. The LED
driver 4 will activate and start to draw a normal operation current (indicated by a solid line).
Depending on the type of ballast of the fluorecent tube lighting fixture, the preheat current
may remain unchanged, reduce or stop completely. The normal operation current is enough
to keep the relay 24 activated. When the voltage across said chargeable voltage supplier 26
and the relay 24 reaches the threshold voltage of the voltage regulator element 28, the voltage
regulator element 28 will start to conduct and prevent the voltage from rising any further.
Said first threshold voltage of the voltage regulator element 28 is set higher than the
threshold voltage of the coil of the relay 24. The threshold voltage of the voltage regulator
element 28 shall fit the threshold voltage of the relay 24. As a non limiting example, the
threshold voltage of the voltage regulator element 28 is 4,7 V and the threshold voltage of the
relay 24 is 4,5V.

In case of the fluorescent tube lighting fixture comprising a passive electro-
magnetic ballast said chargeable voltage supplier 26 functions as a buffer. Thus, the low
frequency of the passive EM ballast determines the value of capacitor of said chargeable
voltage supplier 26 (electronic HF ballasts operate at much higher frequencies). Typical
characteristics for the capacitor of the chargeable voltage supplier 26 are voltage rating
according the relay voltage, sufficient lifetime, tolerant for ripple currents in the used
frequency domain.

The person skilled in the art realizes that the present invention by no means is
limited to the preferred embodiments described above. On the contrary, many modifications
and variations are possible within the scope of the appended claims.

Additionally, variations to the disclosed embodiments can be understood and
effected by the skilled person in practicing the claimed invention, from a study of the

drawings, the disclosure, and the appended claims. In the claims, the word "comprising" does

Page 10 of 19



WO 2014/115010 PCT/IB2013/061444
9

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 measured cannot be used to advantage.
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CLAIMS:

1. A LED tube (1) for retrofitting in a fluorescent tube lighting fixture having a
preheat phase during which said fluorescent tube lighting fixture is arranged to preheat
filaments of a fluorescent tube and a normal operation phase during which said fluorescent
tube lighting fixture is arranged to supply said fluorescent tube with an operation current,
said LED tube (1) comprising:

an array LEDs (2),

a LED driver (4) for driving said array of LEDs (2),

a first pair of contact pins (8, 10) at a first end (12) of said LED tube (1) and a
second pair of contact pins (14, 16) at a second end (18) of said LED tube (1) for connecting
said LED tube (1) electronically and mechanically to said fluorescent tube lighting fixture,
said first pair of contact pins (8, 10) being connected forming a first circuitry, said second
pair of contact pins (14, 16) being connected forming a second circuitry, said LED driver (4)
being connected between said first circuitry and said second circuitry,

one or more impedance resistive elements (6a, 6b) connected between said
first pair of contact pins (8, 10) and arranged to mimic a filament of a fluorescent tube,

a voltage controlled switch (20) arranged to open and close a current path
between said first circuitry and said second circuitry, and

control circuitry (22) for controlling said voltage controlled switch (20), said
control circuitry (22) being connected between said first circuitry and said second circuitry
and being arranged to close said voltage controlled switch (20) during said preheat phase of
said fluorescent tube lighting fixture by powering said voltage controlled switch (20) using a
preheat current passing between said first pair of contact pins (8, 10) and through said one or
more resistive elements (6a, 6b), and to keep said voltage controlled switch (20) closed by
powering said voltage controlled switch (20) using an operation current flowing through said
current path between said first pair of contact pins (8, 10) and said second pair of contact

pins (14, 16) during said normal operation phase of said fluorescent tube lighting fixture.

2. The LED tube (1) according to claim 1, wherein said control circuitry (22)

comprises:
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a chargeable voltage supplier (26) arranged to power said voltage controlled
switch (20) and to be charged both by said preheat current passing between said first pair of
contact pins (8, 10) and through said one or more resistive elements (6a, 6b) during said
preheat phase and by said operation current flowing through said current path between said
first pair of contact pins (8, 10) and said second pair of contact pins (14, 16) during said
normal operation phase, and

a voltage regulator element (28) having a first threshold voltage, said voltage
regulator element (28) being arranged to conduct, when the voltage across said chargeable
voltage supplier (26) reaches said first threshold voltage, preventing the voltage across said

chargeable voltage supplier (26) from rising any further.

3. The LED tube (1) according to claim 2, wherein said voltage controlled
switch (20) is having a second threshold voltage for closing the switch and wherein said

second threshold voltage is lower than said first threshold voltage.

4. The LED tube (1) according to claim 2 or 3, wherein said chargeable voltage

supplier (26) comprises a capacitor.

5. The LED tube (1) according to any one of claims 2-4, wherein said voltage

regulator element (28) comprises a Zener diode.

6. The LED tube (1) according to any one of claims 1-5, wherein said voltage controlled

switch (20) comprises a relay (24) comprising a coil.

7. A method for preventing a shock hazard during retrofitting of a LED tube (1)
in a fluorescent tube lighting fixture having a preheat phase during which said fluorescent
tube lighting fixture is arranged to preheat filaments of a fluorescent tube and a normal
operation phase during which said fluorescent tube lighting fixture is arranged to supply said
fluorescent tube with an operation current, said method comprising:

mimicking filaments of a fluorescent tube by one or more resistive
elements (6a, 6b, 6¢, 6d) connected between a first pair of contact pins (8, 10) at a first
end (12) of said LED tube (1) and a second pair of contact pins (14, 16) at a second end (18)
of said LED tube (1), respectively, said first pair of contact pins (8, 10) being connected

forming a first circuitry, said second pair of contact pins (14, 16) being connected forming a
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second circuitry

providing a voltage controlled switch (20) arranged to open and close a current
path between said first circuitry and said second circuitry,

blocking current through said current path by means of said voltage controlled
switch (20),

starting said preheat phase of said fluorescent tube lighting fixture,

closing said voltage controlled switch (20) during said preheat phase using
current passing between said first pair of contact pins (8, 10) and through said one or more
resistive elements (6a, 6b) connected between said first pair of contact pins (8, 10),

keeping said voltage controlled switch (20) closed using said operation current
flowing through said LED tube (1) during said normal operation phase of said fluorescent

tube lighting fixture.

8. The method according to claim 7, further comprising connecting said LED
tube (1) electronically and mechanically to said fluorescent tube lighting fixture by means of

said first and second pairs of contact pins (8, 10, 14, 16).
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