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(54) LED tube and lighting fixture arrangement

(57) A LED tube (41) comprises one or more LED
components (34) and a current control unit (33) installed
therein. Both ends of the LED tube (41) are provided with
a contact pin pair (37, 38, 39, 40) for connecting the LED
tube mechanically and electrically to tube holders of a
fluorescent tube lighting fixture. The LED tube includes

a safety unit (42, 43, S1) arranged to prevent a voltage
from passing through the LED tube (41) from its one end
to the other end thereof until at both ends of the LED
tube, a voltage (U1, U2) fed from the corresponding tube
holder of the lighting fixture to the contact pin pair (37,
38, 39, 40) has been detected separately.
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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to lamps, and particularly
to LED tubes having one or more LEDs as a light source
and enabling a fluorescence tube to be replaced.
[0002] Fluorescent lamps are widely used in various
environments, such as homes, offices, industry. Fluores-
cent lamps have longer life, they are more economic and
more efficient than incandescent lamps wherein most of
the electric power generates heat rather than light. In a
conventional fluorescent lamp, the body consists of a
straight tube whose length is 15 to 60 times that of the
diameter of the tube. The tube may also be bent, in which
case the tube may have almost any shape. Fluorescent
tubes are low-pressure mercury discharge lamps where-
in the inner surface of the tube is coated with a fluorescent
material. The structure of a fluorescent tube is very sim-
ple; this is illustrated in Figure 1A. The lamp consists of
an airtight glass tube 4 containing a small amount of mer-
cury, an inert gas, a fluorescent coating (luminophor),
such as phosphorus, as well as electrodes 2 and 3 (fila-
ments). Both ends of the fluorescent tube are provided
with a cap 5 or 6 having two symmetrically placed contact
pins 7 and 8 or 9 and 10 to which the electrode 2 or 3 is
connected. The current supply to the fluorescent tube is
provided via these contact pins 7 and 8, 9 and 10. When
the lamp is in operation, the temperature of the electrodes
2 and 3 has to be sufficiently high in order to enable elec-
trons to be released therefrom. At a normal operating
voltage, the fluorescent lamp does not ignite without pre-
heating. It is typical of fluorescent tubes (EN 60081) that
their cathodes are heated by separate preheat circuits
or arrangements. On the other hand, after ignition, a dis-
charging current passing through the tube has to be lim-
ited in order for the tube not to become destroyed. There-
fore, all fluorescent tubes need a ballast. Conventionally,
the ballast has been a ballast-starter combination, which
is illustrated in Figure 1B. When a mains voltage (e.g.
230 VAC) is connected to the lamp, the resistance
through the tube is very high, and electric current passes
via a ballast L, the electrode 3, a closed starter 11, and
the electrode 2. When the electric current passes through
the electrodes 2 and 3, it heats the electrodes, causing
them to emit electrons which ionize the gas inside the
tube. The ionized gas forms a current path through the
tube. The current passing through the ballast L generates
a magnetic field therein. When, after a while, the starter
11 opens, the magnetic field of the ballast L generates a
high voltage between the electrodes 2 and 3, which ig-
nites the lamp.
[0003] Today, also electronic ballasts are used. An
electronic ballast is also responsible for igniting the lamp,
so no separate starter is necessary. The preheating ar-
rangement is implemented either by separate preheating
windings or a starter capacitor. This is illustrated in Figure
1C. An electronic ballast 12 connected to the mains volt-

age (e.g. 230 VAC) provides a continuous electric current
through each electrode 2 and 3. These electric currents
are configured so that a voltage difference is formed be-
tween the electrodes 2 and 3. When the mains voltage
is connected to the ballast 12, the electric current passing
through the electrodes heats them quickly, and the emit-
ted electrons ionize the gas contained in the tube. After
the gas has become ionized, the voltage difference be-
tween the electrodes starts a gas discharge.
[0004] A common aim is to replace fluorescent tubes
by LED tubes having the same length and values. Their
physical dimensions are the same as those of straight
fluorescent tubes (e.g. T8 having a 26 mm diameter and
being e.g. 60 or 120 cm in length), enabling a LED tube
to directly replace a fluorescent tube in an existing fluo-
rescent lamp. Examples of such LED tube lamps are set
forth in EP1852648, US2007/0183156,
US2010/0002439, and W02009/131340. The goal is to
achieve a long life for the light source and a better lumi-
nous efficiency (quantity of light/electric power). In prac-
tice, the aim is only to replace a fluorescent tube by a
LED tube without changing the structures of the lamp.
Some LED tubes work directly with a fluorescent tube
ballast, in which case only the starter is to be removed
from use. In such a case, the LED tube replacement may
take place easily and without any professional assist-
ance.
[0005] This causes some problems, the most impor-
tant one being the danger of an electric shock while in-
stalling the LED tube. Figure 2 illustrates in a simplified
manner a fluorescent tube lighting fixture 20 comprising
a body 24 containing the necessary electronic structures,
such as a ballast 12 and a starter 11, which is usually
necessary only in connection with a ballast. The ends of
the lighting fixture are provided with tube holders 21 and
22 provided with contact sockets 23 into which contact
pins of the ends 26 and 27 of the tube 25 are inserted in
order to achieve a mechanical and electrical connection.
According to safety regulations in the field, lighting fix-
tures are to be built such that it is impossible for a user
to come into contact with any parts at the mains voltage
while replacing a fluorescent tube even if the lamp were
connected to the mains voltage. This requirement is met
even if the fluorescent tube were replaced such that only
one end 27 of the tube 25 is in contact with the contacts
23 of the tube holder 22 while the other end 26 of the
tube may freely come into contact with a person carrying
out the replacement. This requirement is met since no
current flows through the gas-filled fluorescent tube until
the gas in the tube is ionized by a starting pulse. Thus,
the gas per se in the fluorescent tube serves as an insu-
lating material. The electrical structure of the lighting fix-
ture, again, is such that the generation of a starting pulse
requires that both ends of the tube be connected to the
contacts of the tube holder. This enables the risk of an
electric shock in connection with a fluorescent tube to be
prevented while replacing the tube.
[0006] In connection with LED tubes, this electrical
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safety condition is not met. Inside the LED tubes there
is provided a printed circuit board or a corresponding
structure where the LEDs and their necessary electronic
current supply components are installed. The purpose of
these components is to convert the supply network alter-
nating voltage into direct voltage and regulate the direct
current required by the LEDs. In practice, current flows
through these components as soon as voltage is applied
thereto, in other words the LED tube is in a conductive
state without any separate starting pulse. Therefore, in
a use situation, when the LED tube 25 is being installed
in the fluorescent tube lighting fixture 20, the contact pins
27 of one end of the LED tube 25 may come into contact
with the contacts 23 of the tube holder 22 and the other
end 26 of the tube be left outside the lighting fixture such
that the person installing or replacing the tube may come
into contact therewith, putting him or her at the risk of an
electric shock.

BRIEF DESCRIPTION OF THE INVENTION

[0007] An object of the invention is thus to provide a
LED tube and a lighting fixture arrangement so as to en-
able the aforementioned electrical safety problem to be
solved. The object of the invention is achieved by a LED
tube and an arrangement which are characterized by
what is stated in the independent claims. Preferred em-
bodiments of the invention are disclosed in the depend-
ent claims.
[0008] An aspect of the invention is a LED tube com-
prising a substantially fluorescent-tube-shaped and flu-
orescent-tube-sized translucent or fluorescent tube hav-
ing one or more LED components and a current control
unit installed therein, both ends of the LED tube being
provided with at least one contact pin for connecting the
LED tube mechanically and electrically to tube holders
of a fluorescent tube lighting fixture. The LED tube in-
cludes a safety unit arranged to prevent a voltage from
passing through the LED tube from its one end to the
other end thereof until at both ends of the LED tube, a
voltage fed from the corresponding tube holder of the
lighting fixture to said at least one contact pin is detected
separately.
[0009] According to an embodiment, the safety unit
comprises switching means on a current path between
the contact pins provided at different ends of the LED
tube, the switching means being arranged to be open
and break the current path when no voltage has been
detected from said at least one contact pin of one or either
of the ends of the LED tube, and arranged to be closed
and connect the current path only when a voltage has
been detected from said at least one contact pin of both
ends of the LED tube.
[0010] According to an embodiment, the safety unit
comprises switching means in series on a current path
at least between said at least one contact pin of one end
of the LED tube and the current control unit, the switching
means being arranged to be open and break the current

path when no voltage has been detected from said at
least one contact pin of one or either of the ends of the
LED tube, and arranged to be closed and connect the
current path only when a voltage has been detected from
said at least one contact pin of both ends of the LED tube.
[0011] According to an embodiment, the LED tube
comprises two contact pins at both ends of the LED tube,
the safety unit being arranged to detect a voltage be-
tween these two contact pins at both ends of the LED
tube.
[0012] According to an embodiment, the safety unit is
arranged to detect a preheating voltage received from a
socket of a fluorescent tube lighting fixture at the contact
pins at both ends of the LED tube.
[0013] According to an embodiment, the LED tube
comprises, at both ends of the LED tube, two contact
pins between which a resistive, inductive and/or capac-
itive measuring component is connected to form a current
path between the contact pins. The safety unit is arranged
to detect a low voltage across the measuring component
at both ends of the LED tube, the low voltage resulting
from a current passing through the measuring compo-
nent and being generated in the ballast-starter type flu-
orescent tube lighting fixture by a high-resistance com-
ponent connected in place of or in parallel with a starter.
[0014] According to some embodiments, the high-re-
sistance component is a resistor, a capacitor, an induct-
ance or a combination thereof.
[0015] According to an embodiment, the measuring
components and the high-resistance component of the
LED tube are dimensioned such that the current flowing
therein is very substantially lower than a heating current
of a fluorescent tube would be.
[0016] According to an embodiment, the LED tube
comprises user-operable means for connecting or dis-
connecting the measuring components between the con-
tact pins, according to the lighting fixture.
[0017] According to an embodiment, the switching
means are arranged to break the current path bipolarly.
[0018] According to an embodiment, the detected volt-
ages, heating voltages or low voltages are connected
directly to be control voltages of the switching means,
e.g. control voltages of a relay or relays.
[0019] According to an embodiment, the LED tube
comprises means for keeping the switching means
closed after the LED tube has ignited even if one or more
of the detected voltages becomes lower or non-existent
but the main voltage remains.
[0020] In an embodiment, a cold cathode type fluores-
cent tube whose both ends are provided with only one
contact pin is replaced, in which case the safety unit is
arranged to detect the voltage of the ends of the LED
tube.
[0021] Another aspect of the invention is a lighting fix-
ture arrangement, comprising a lighting fixture which is
meant for a fluorescent tube and in which a LED tube
according to an embodiment of the invention is installed.
[0022] According to an embodiment, the lighting fixture
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arrangement includes a ballast-starter type device
wherein in place of or in parallel with the starter, a high-
resistance component is connected in order to generate
a low current for the measuring components of the LED
tube.
[0023] In a lighting fixture arrangement according to
an embodiment, the high-resistance component is a re-
sistor, a capacitor, an inductance or a combination there-
of.
[0024] By means of the embodiments of the invention,
a situation is shown wherein only one end of the LED
tube is connected to an energized lighting fixture and a
person installing the LED tube is at the risk of receiving
an electrical shock through the LED tube from an unin-
stalled end thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0025] The invention is now described in closer detail
in connection with exemplary embodiments and with ref-
erence to the accompanying drawings, in which

Figure 1A shows a simplified example of a mechan-
ical structure of a fluorescent tube;
Figure 1B shows an example of an electrical circuitry
of a fluorescent tube when a ballast is implemented
by a ballast-starter combination;
Figure 1C shows an example of an electrical circuitry
of a fluorescent tube when an electronic ballast is
used;
Figure 2 shows a simplified example of a structure
of a fluorescent tube lighting fixture;
Figure 3A shows a simplified example of a mechan-
ical structure of a LED tube;
Figure 3B is a simplified circuit diagram showing an
example of a LED circuit of the LED tube of Figure
3A and current supply thereof;
Figure 4 schematically shows a LED tube according
to an exemplary embodiment of the invention;
Figure 5A schematically shows a LED tube and cir-
cuit arrangement according to another exemplary
embodiment of the invention when installed in a flu-
orescent tube lighting fixture provided with a ballast-
starter combination;
Figure 5B shows an example of dimensioning of re-
sistors R1, R2, and R3 of Figure 5A;
Figure 6 schematically shows a LED tube according
to another exemplary embodiment of the invention,
wherein a circuit-breaking switch is implemented by
two relays that are directly controlled by heating volt-
ages; and
Figure 7 schematically shows a LED illuminating
tube according to yet another exemplary embodi-
ment of the invention, wherein a circuit-breaking
switch is kept closed after ignition of the LED tube
even if heating voltages become lower or non-exist-
ent.

DESCRIPTION OF EXEMPLARY EMBODIMENTS OF 
THE INVENTION

[0026] The field of application of the invention compris-
es all lamps, particularly tube lamps, having one or more
LEDs as a light source and enabling a fluorescent tube
lighting fixture or the like to be replaced.
[0027] Figure 3A illustrates a simplified example of a
possible structure of a LED tube. The lamp 31 consists
of a straight (or bent) tube 30 made from a suitable trans-
lucent material, such as glass or plastic, or possibly a
fluorescent material. The tube 30 does not have to be
airtight. On the contrary, it may be provided with open-
ings, holes and/or gaps for providing air circulation and
cooling.
[0028] Inside the tube 30 there is provided a printed
circuit board 32 or a corresponding structure wherein
LED (Light Emitting Diode) components 34 and electron-
ic current supply components 33 necessitated thereby
are installed. The purpose of these components 33 is to
convert the alternating voltage (e.g. 230 VAC) of the
mains supply network into direct voltage (dc) and regu-
late the dc current required by the LEDs 34. Figure 3B
shows an example of a possible LED circuit of the LED
tube of Figure 3A and the current supply thereof. In Figure
3B, the alternating voltage (L) of the supply network and
neutral (N) are connected to a rectifier circuit 33’, which
generates a dc voltage. To the dc voltage, a LED chain
having N LEDs in series, where N = 1, 2..., is connected
via a series resistor R limiting the current. The series
resistor R shown in Figure 3B may be replaced e.g. by
an electronic (preferably low-loss) switched mode solu-
tion.
[0029] Both ends of the tube 30 are closed with a cap
35 or 36 provided with two symmetrically placed contact
pins 37 and 38 or 39 and 40. Current supply to the current
supply components 33 on the circuit board 32 is carried
out via these contact pins 37 and 38, 39 and 40. It is to
be noted that the internal structure and electrical imple-
mentation of the LED tube are irrelevant to the invention
but the safety solution according to embodiments of the
invention may be applied in connection with implemen-
tations of various types. The mechanical dimensions, at
least the length, and the number, location and dimen-
sions of contact pins are preferably the same as those
of a fluorescent tube to be replaced, so that it is possible
to directly replace the fluorescent tube by a LED tube in
an existing fluorescent tube lighting fixture. The dimen-
sions of the LED tube 31 may be compatible e.g. with a
T8 tube lamp, whose diameter is about 26 mm and length
e.g. 60 or 120 cm. According to an embodiment of the
invention, the LED tube is meant to replace a fluorescent
tube whose both ends are provided with only one contact
pin (single pin tube). Such a tube may be e.g. a cold
cathode fluorescent tube having no electrode preheating.
[0030] As explained above, if e.g. the LED tube 31
shown in Figure 3A is installed e.g. in the lighting fixture
20 of Figure 2, the contact pins 39 and 40 of the LED
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tube 31 may be inserted into the contact socket 23 of the
tube holder 22, which carries a mains voltage. On the
other hand, the contact pins 37 and 38 of an opposite
end of the LED tube 31 may still be outside the lighting
fixture 20 and able to become into contact with an install-
er. A dangerous voltage may pass from the contact pins
39 and 40 via the structures inside the tube 35, such as
the circuit board 32, the LEDs 34 and/or the current sup-
ply components 33, to the contact pins 37 and 38.
[0031] Figure 4 schematically shows a LED tube 41
according to an exemplary embodiment of the invention.
The mechanical and electrical structures of the LED tube
41 may be similar to those of the LED tube 31 of Figure
3, for instance, except that the LED tube 41 is further
provided with a safety circuit according to an embodiment
of the invention in order to remove the risk of an electric
shock posed to the installer. Preferably, the components
of the safety circuit may be placed on the same printed
circuit board 32 or a corresponding structure as where
the LEDs 34 and other current supply components 33
are placed.
[0032] As explained above in connection with Figure
1C, the electronic ballast 12 feeds the heating voltage of
the electrodes by two conductors directly to both ends of
the fluorescent tube 1, more precisely to the contact pins
7, 8, 9, and 10 therein. The operating voltage of the flu-
orescent tube 1 is generated between these heating volt-
ages, in which case the heating voltages are in a different
potential. If the lighting fixture 20 of Figure 2 contains
such an electronic ballast (in which case it contains no
starter 11), these heating voltages are also available at
the contact sockets 23 of the tube holders 21 and 22.
[0033] In some embodiments of the invention, these
directly fed, low heating voltages are utilized as detection
voltages of a safety circuit. In the example of Figure 4,
voltage detectors (DET1) 42 and (DET2) 43 are arranged
inside the LED tube 41. The voltage detector 42 is con-
nected to detect (measure) a heating voltage U1 between
the contact pins 37 and 38 provided at a first end of the
LED tube 41. The voltage detector 42 activates a control
signal CTL1 when the heating voltage U1 is being de-
tected. Similarly, the voltage detector 43 is connected to
measure a heating voltage U2 between the contact pins
39 and 40 provided at a second end of the LED tube 41.
The voltage detector 43 activates a control signal CTL2
when the heating voltage U2 is being detected. Further-
more, at least one circuit-breaking switch S1 is further
provided in connection with the current supply circuit of
the LED tube 41 such that the circuit-breaking switch S1,
controlled by the control signals CTL1 and CTL2, opens
(breaks) or closes (connects) the current circuit of the
LED tube and thereby prevents a dangerous voltage from
passing through the LED tube from its one end to the
other end thereof, or allows this. The circuit-breaking
switch S1 is open when the LED tube 41 has not been
installed in the lighting fixture, in other words when neither
of the voltage detectors 42 and 43 detects a heating volt-
age U1 and U2, respectively. The circuit-breaking switch

S1 is also open when only one end of the LED tube 41
is installed in the contact socket of the lighting fixture, in
other words when only one of the voltage detectors 42
and 43 detects the heating voltage U1 or U2, respectively.
The circuit-breaking switch S1 closes only if both ends
of the LED tube 41 are installed correctly in the tube hold-
ers of the lighting fixture and both voltage detectors 42
and 43 detect the heating voltage U1 or U2, respectively,
coming from the lighting fixture. This enables a situation
to be prevented wherein only one end of the LED tube
41 is connected to the energized parts of the lighting fix-
ture and a person installing the LED tube may receive
an electric shock through the LED tube.
[0034] Conventional ballast-starter circuits contain no
separate heating voltages but the preheating of a fluo-
rescent tube is carried out by a temporary current pulse
from a ballast-starter circuit, as was explained in connec-
tion with Figure 1B. In a fluorescent tube lighting fixture
provided with such a ballast-starter circuit, no separate
heating voltages are thus available for the contact pins
37, 38, 39, and 40 of both ends of the LED tube 41, but
to the contact pins 37, 38, 39, and 40 of both ends, the
supply voltage of the lighting fixture comes through the
ballast 12. In such a lighting fixture, the detection circuits
42 and 43 of the LED tube 41 of the type shown in Figure
4 should detect (measure) high-ohmically the mains volt-
age or another supply voltage at the contact pins of dif-
ferent ends of the LED tube. This, again, results in a
possible risk of an electric shock via the detection circuit
when one end of the LED tube 41 is connected to the
contact socket 23 of the lighting fixture but the other end
is uninstalled. This is the case irrespective of the fact that
in the LED tube according to the embodiment of Figure
4, the circuit-breaking switch S1 of the safety circuit is
opened and no supply voltage is fed to the circuit board
32 therethrough.
[0035] Figure 5A schematically shows a LED tube 51
and circuit arrangement according to another exemplary
embodiment of the invention when installed in a fluores-
cent tube lighting fixture provided with a ballast-starter
combination, e.g. in the lighting fixture 20 in Figure 2.
The mechanical and electrical structures of the LED tube
51 may be similar to those of e.g. the LED tube 31 of
Figure 3, except that the LED tube 51 is further provided
with a safety circuit according to an embodiment of the
invention in order to remove the risk of an electric shock
posed to the installer. Preferably, the components of the
safety circuit may be placed on the same printed circuit
board 32 or a corresponding structure as where the LEDs
34 and other current supply components 33 are placed.
It is to be noted that Figure 5A shows the contact pins
(37, 38, 39, and 40) and the related conductors of the
lighting fixture schematically. In practice, the conductors
are connected to the contact pins of the LED tube via the
contacts 23 according to Figure 2 that are provided in
the tube holders 21 and 22.
[0036] The LED tube 51 of Figure 5A may be substan-
tially similar to the LED tube 41 of another exemplary
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embodiment, except that in the LED tube 51, a compo-
nent R1 which replaces a heating filament of an electrode
of a fluorescent tube and through which current I is al-
lowed to pass is connected between the contact pins 37
and 38. Similarly, at the other end of the LED tube 51, a
component R2 which replaces a heating filament of an
electrode of a fluorescent tube and through which current
I is allowed to pass is connected between the contact
pins 39 and 40. The components R1 and R are e.g. re-
sistors, capacitors, inductances or other corresponding
components or combinations thereof. In the circuit ar-
rangement, the starter of the lighting fixture 20 has been
removed and replaced by a component R3 having a high
resistance, in which case a low current I caused by the
network voltage passes therethrough. Alternatively, the
component R3 may be placed in parallel with the starter,
as illustrated in Figure 5A. The component R3 may be
e.g. a resistor, a capacitor, an inductance or another cor-
responding component or a combination thereof. The
component R3 may be implemented by means of a hous-
ing and connectors whose physical dimensions corre-
spond with those of the starter 11 in order to enable the
component R3 to be inserted into the socket of the starter
11 in the lighting fixture 20. Preferably, the values of of
these components R1, R2, and R3 are dimensioned to
be high-ohmic such that the current I passing therein is
very substantially lower than a heating current of a fluo-
rescent tube would be. By means of an example, Figure
5B illustrates the dimensioning of the components R1,
R2, and R3 when they are resistors. The resistors R1,
R2, and R3 are connected in series between a supply
voltage Uin (as in Figure 5A between the phase voltage
L1 and neutral N). A voltage U1 (also measured in Figure
5A) is generated across the resistor R1 and a voltage U2
(also measured in Figure 5A) is generated across the
resistor R2. A voltage U3 is generated across the resistor
R3. The values of the voltages U1 and U2 may be deter-
mined by means of equations of Figure 5B. The resist-
ances of the resistors R1, R2, and R3 may be selected
so that the desired voltages U1 and U2 are obtained at
a certain supply voltage Uin. As is obvious to one skilled
in the art, the R1, R2, and R3 shown in the equations
may be replaced by symbols Z1, Z2, and Z3 when in
place of or in addition to resistance, the components in-
clude inductance and/or capacitance.
[0037] This arrangement enables a situation to be pro-
vided wherein between the contacts 37 and 38 as well
as 39 and 40, respectively, (across the components R1
and R2, respectively) of both ends of the LED tube 51,
a low voltage U1 and U2, respectively, is generated that
may be used as a detection voltage. The voltage detec-
tors 42 and 43 detect the voltages U1 and U2 in a manner
similar to that used in detecting the heating voltages, and
by the control signals CTL1 and CTL2 control the circuit-
breaking switch S1 e.g. in a manner similar to that shown
in the embodiment of Figure 4. This enables the LED
tube 41 to be kept completely open (non-conductive) until
the voltage detectors 42 and 43 have verified from the

voltages U1 and U2 that the tube 41 has been installed
reliably in its tube holders 21 and 22 in the lighting fixture
20.
[0038] The LED tube 51, which includes the compo-
nents R1 and R2, is suitable for use also in connection
with an electronic ballast, which generates directly the
heating voltages. The high-resistance component R1 or
R2 causes no significant waste current from the low heat-
ing voltage. In some embodiments of the invention, the
components R1 and R2 are both in series with at least
one switch enabling the components R1 and R2 to be
connected and disconnected between the contact pins,
in which case the LED tube, according to the installation,
may be placed to conform with the tube 51 or the tube
41. The user may choose the positions of the switches
by actuators provided in the caps 35 and 36, for instance.
[0039] In yet another embodiments of the invention,
the LED tube is meant to replace a fluorescent tube
whose both ends are provided with only one contact pin
(single pin tube). This may be e.g. a cold cathode fluo-
rescent tube having no electrode preheating. For exam-
ple, a single pin version of the LED tube of Figure 3A
could only be provided with contact pins 37 and 38. The
safety unit according to the invention may also be applied
to such a single pin LED tube. In such a case, the contact
pins 38 and 40 and the corresponding connections may
be omitted from the LED tube of Figure 4, for instance.
The voltage detectors 42 and 43 may monitor the volt-
ages of the contact pins 37 and 39 and close the circuit-
breaking switch S1 only if both of them detect a voltage.
[0040] The at least one circuit-breaking switch S1 men-
tioned in all embodiments of the invention may be imple-
mented by any switch structure or switch component ca-
pable of breaking (disconnecting) a supply-voltage cir-
cuit. Preferably, the circuit-breaking takes place bipolar-
ly, as illustrated in the examples of Figures 4 and 5. Ex-
amples of suitable circuit-breaking switches include elec-
tromechanical switches, such as relays, and semicon-
ductor switches, such as transistors. In the examples of
Figures 4 and 5, the circuit-breaking switch S1 is con-
nected between the contact pins 37, 38 and the rest of
the LED circuitry 32 provided on the circuit board 32, in
which case it naturally efficiently prevents a dangerous
voltage from passing from one end of the LED tube 41
or 51 to the other end thereof. However, alternatively the
circuit-breaking switch S1 may be located at any point of
the LED circuitry, as long as it breaks the current path in
a way which prevents a dangerous voltage from passing
from one end of the LED tube 41 or 51 to the other end
thereof. In an embodiment of the invention, both ends of
the LED tube 41 or 51 are provided with a circuit-breaking
switch S1 of their own, which may be controlled by both
voltage detectors 42 and 43 or by a voltage detector de-
tecting the heating voltage U1 or U2 of the end in question
only. However, increasing the number of circuit-breaking
switches increases costs, so it is advantageous to mini-
mize the number of switches.
[0041] The voltage detector 42 or 43 may be imple-
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mented by any circuit solution which, when a sufficient
heating voltage U1 or U2, respectively, occurs, generates
a control signal CTL1 or CTL2, respectively, e.g. a control
voltage. The voltage detector 42 or 43 may be e.g. a relay
or a voltage comparator which derives also its operating
voltage from the heating voltage U1 or U2. It may thus
also be a part of the switch S1.
[0042] Figure 6 schematically shows a LED tube 61
according to another exemplary embodiment of the in-
vention, wherein the circuit-breaking switch S1 according
to Figures 4 and 5A is formed by two successively con-
nected relays S1A and S1 B that derive their operating
voltage from the heating circuits of different ends of the
LED tube 61. In other words, the heating voltage U1 be-
tween the contact pins 37 and 38 is connected in parallel
with a control coil M1A of the relay S1A and, correspond-
ingly, the heating voltage U2 between the contact pins
39 and 40 is connected in parallel with a control coil M1B
of the relay S1B. In such a case, the control coils M1A
and M1B of the relays directly form the voltage detectors
42 and 43 according to Figures 4 and 5A. When there is
a heating voltage U1 between the contact pins 37 and
38, the control coil M1A pulls the contacts of the relay
S1A from an open position in to a closed position. Simi-
larly, when there is a heating voltage U2 between the
contact pins 39 and 40, the control coil M1 B pulls the
contacts of the relay S1 B from the open position in to
the closed position. Both relays S1A and S1 B close (the
current path is connected) only if both ends of the LED
tube 61 have been installed correctly in the tube holders
of the lamp and both control coils M1A and M1 B receive
the heating voltage U1 and U2, respectively, from the
lighting fixture. This enables a situation to be prevented
wherein only one end of the LED tube 61 is connected
to the energized parts of the lighting fixture and the per-
son installing the LED tube may receive an electric shock
through the LED tube. This embodiment is particularly
suitable for electronic ballasts with separate heating volt-
age feeds. It is to be noted that instead of two relays S1A
and S1 B, also one relay having a compound coil for
control may be used, in which case it takes both heating
voltage feeds to close the relay. More generally, this em-
bodiment may be applied by using, instead of a relay or
relays, any circuit-breaking switch, e.g. a semiconductor
relay, for which the detected voltages, heating voltages
or low voltages are connected directly as control voltag-
es. Direct connecting may also include the use of a driver
circuit or circuits of a switch.
[0043] Figure 7 schematically shows a LED tube 71
according to yet another exemplary embodiment of the
invention, wherein the circuit-breaking switch S1 accord-
ing to Figures 4 and 5A is a relay having a control coil
M1 and a control amplifier 72. The voltage detectors 42
and 43 detect the voltages U1 and U2, respectively, re-
ceived at the contact pins 37, 38, 39, and 40 and, by
means of the amplifier 72, control the control coil M1 of
the switch S1. When the pins of both ends of the tube 71
carry the heating voltages U1 and U2, the voltage detec-

tors generate control signals CTL1 and CTL2 to be fed
as inputs to the amplifier 72. Upon receiving both control
signals CTL1 and CTL2, the amplifier 72 generates at its
control output a voltage or current, as a consequence of
which the control coil M1 pulls the contacts of the relay
S1 from the open position to the closed position, whereby
the current path closes and the LED light unit is lit up.
When the switch S1 is closed, the amplifier 72 also re-
ceives an indication HOLD of the state of the switch S1,
in the form of voltage (tube voltage, arc voltage) received
at the different ends of the tube. If now the heating voltage
U1 or U2 received at the contact pins 37, 38, 39, and 40
becomes lower or non-existent, the amplifier 72 contin-
ues to keep the switch S1 closed, if the hold control
HOLD, such as tube voltage, is still supplied to the am-
plifier via the switch S1. If the tube voltage becomes non-
existent at the contact pins 37 and 39, e.g. upon detach-
ing the tube 71 from the lighting fixture or when the lighting
fixture is turned off, also the hold control HOLD disap-
pears and the amplifier 72 controls the switch S1 to open.
In such a case, the state of the LED tube 71 returns to
its original state. Reclosing the switch S1 again requires
heating voltages at both ends of the tube 71. This exem-
plary embodiment is particularly suitable for electronic
ballasts provided with an advanced heating circuit, such
as preheating, and possibly lowering or disconnection of
heating voltages after an ignition process. In this exem-
plary embodiment, it is ensured that even if the operation
of the electronic ballast is such that the heating voltage
is disconnected after the tube has ignited, however, the
operation continues until the actual supply voltage is con-
nected to the tube 71. It is to be noted that the holding
circuit or "holding memory" of the relay S1 may also be
implemented in a manner other than via the contacts of
the relay S1. More generally this embodiment may be
applied by using, instead of a relay, any circuit-breaking
switch provided with a holding circuit or "holding memory"
for keeping the circuit-breaking switch closed after the
LED tube has lit up, even if one or more of the detected
voltages U1 and U2 become lower or non-existent but
the main voltage (e.g. mains voltage) of the LED tube
remains.
[0044] It is apparent to one skilled in the art that as
technology advances, the basic idea of the invention may
be implemented in many different ways. The invention
and its embodiments are thus not restricted to the above-
described examples but may vary within the scope of the
claims.

Claims

1. A LED tube, comprising a substantially fluorescent-
tube-shaped and fluorescent-tube-sized translucent
or fluorescent tube (30, 35) having one or more LED
components (34) and a current control unit (33) in-
stalled therein, both ends of the LED tube being pro-
vided with at least one contact pin (37, 38, 39, 40)
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for connecting the LED tube mechanically and elec-
trically to tube holders (21, 22) of a fluorescent tube
lighting fixture (20), wherein the LED tube includes
a safety unit (42, 43, S1) arranged to prevent a volt-
age from passing through the LED tube (31, 41, 51,
61, 71) from its one end to the other end thereof until
at both ends of the LED tube, a voltage (U1, U2) fed
from the corresponding tube holder (21, 22) of the
lighting fixture (20) to said at least one contact pin
(37, 38, 39, 40) has been detected separately.

2. A LED tube as claimed in claim 1, wherein the safety
unit comprises switching means (S1) on a current
path between the contact pins (37, 38, 39, 40) pro-
vided at different ends of the LED tube (31, 41, 51,
61, 71), the switching means (S1) being arranged to
be open and break the current path when no voltage
(U1, U2) has been detected from said at least one
contact pin (37, 38, 39, 40) of one or either of the
ends of the LED tube (31, 41, 51, 61, 71), and ar-
ranged to be closed and connect the current path
only when a voltage (U1, U2) has been detected from
said at least one contact pin (37, 38, 39, 40) of both
ends of the LED tube (31, 41, 51, 61, 71).

3. A LED tube as claimed in claim 1 or 2, wherein the
safety unit comprises switching means (S1) in series
on a current path at least between said at least one
contact pin (37, 38) of one end of the LED tube (31,
41, 51, 61, 71) and the current control unit, the
switching means (S1) being arranged to be open and
break the current path when no voltage has been
detected from said at least one contact pin (37, 38,
39, 40) of one or either of the ends of the LED tube
(31, 41, 51, 61, 71), and arranged to be closed and
connect the current path only when a voltage (U1,
U2) has been detected from said at least one contact
pin (37, 38, 39, 40) of both ends of the LED tube (31,
41, 51, 61,71).

4. A LED tube as claimed in claim 1, 2 or 3, wherein
the LED tube (31, 41, 51, 61, 71) comprises a contact
pin pair (37, 38; 39, 40) at both ends of the tube, and
that the safety unit is arranged to detect a voltage
(U1, U2) between the contact pins (37, 38; 39, 40)
of the contact pin pair at both ends of the LED tube
(31, 41, 51, 61, 71).

5. A LED tube as claimed in any one of the preceding
claims, wherein the safety unit is arranged to detect
a heating voltage (U1, U2) received from the tube
holder (21, 22) of the fluorescent tube lighting fixture
(20) at the contact pins (37, 38; 39, 40) at both ends
of the LED tube (31, 41, 51, 61,71).

6. A LED tube as claimed in any one of the preceding
claims, wherein the LED tube (51) comprises two
contact pins (37, 38; 39, 40) at both ends of the tube,

and that at both ends of the LED tube (51), a resistive,
inductive and/or capacitive measuring component
(R1, R2) is connected between these two contact
pins (37, 38; 39, 40) to form a current path between
the contact pins (37, 38; 39, 40), and that the safety
unit is arranged to detect a low voltage (U1, U2)
across the measuring component (R1, R2) at both
ends of the LED tube (51), the low voltage (U1, U2)
resulting from a current (I) passing through the meas-
uring component (R1, R2) and being generated in
the ballast-starter circuit in the fluorescent tube light-
ing fixture (20) by a high-resistance component (R3)
connected in place of or in parallel with a starter (11).

7. A LED tube as claimed in claim 6, wherein the high-
resistance component (R3) is a resistor, a capacitor,
an inductance or a combination thereof.

8. A LED tube as claimed in claim 6 or 7, wherein the
measuring components (R1, R2) of the LED tube
(51) and the high-resistance component (R3) are di-
mensioned such that the current (I) flowing therein
is very substantially lower than a heating current of
a fluorescent tube would be.

9. A LED tube as claimed in claim 6, 7 or 8, wherein
the LED tube (51) comprises user-operable means
for selectively connecting the measuring compo-
nents (R1, R2) between the contact pins (37, 38; 39,
40), according to the type of the lighting fixture.

10. A LED tube as claimed in any one of the preceding
claims, wherein the switching means (S1) are ar-
ranged to break the current path bipolarly.

11. A LED tube as claimed in any one of the preceding
claims, wherein the detected voltages, heating volt-
ages or low voltages are connected directly to be
control voltages of the switching means (S1A, S1 B).

12. A LED tube as claimed in any one of the preceding
claims, wherein the LED tube (71) comprises means
(71, 72, 73, 74) for keeping the switching means (S1)
closed after the LED tube has ignited even if one or
more of the detected voltages become lower or non-
existent but the main voltage remains.

13. A LED tube as claimed in claim 1, wherein both ends
of the LED tube are provided with one contact pin.

14. A lighting fixture arrangement, comprising a lamp
(20) which is designed for a fluorescent tube and in
which a LED tube (31, 41, 51, 61, 71) according to
any one of claims 1 to 11 is installed.

15. A lighting fixture arrangement as claimed in claim
14, comprising a ballast-starter assembly, wherein
a high-resistance component (R3) is connected in
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place of or in parallel with a starter (11) in order to
generate a low current (I) for measuring components
(R1, R2) of the LED tube.

16. A lighting fixture arrangement as claimed in claim
15, wherein the high-resistance component (R3) is
a resistor, a capacitor, an inductance or a combina-
tion thereof.
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