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(57) ABSTRACT

A lighting device (1) comprising a driver (7) arranged at a
base (2) of the lighting device (1), a heat sink (14) arranged at
a portion (3) of the lighting device (1), separate from the
driver (7), a light source (13) mounted to the heat sink (14),
and a wire (10) arranged to electrically connect the light
source (13) to the driver (7), wherein a portion of the wire (10)
extending from the base (2) to the portion of the lighting
device (1) is arranged to be exposed to light from the light
source (13). The present embodiment is advantageous in that
the thermal performance is improved and the lifetime of the
lighting device (1) is increased. Further, the exposed wire (10)
may be illuminated by the light source (13) and visible from
outside the lighting device (1), thereby having the appearance
of a filament.
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LIGHTING DEVICE HAVING A LIGHT
SOURCE HEAT SINK ARRANGED SEPARATE
FROM A DRIVER

FIELD OF THE INVENTION

[0001] The present invention generally relates to the field of
lighting device having a light source heat sink arranged sepa-
rate from a driver of the lighting device for improving the
thermal performance of the lighting device.

BACKGROUND OF THE INVENTION

[0002] Thermal performance is a critical issue for the life-
time of light emitting diode, LED, based lighting devices.
LEDs normally generate a majority of the heat in a lighting
device, while the driver (for electrically driving the LEDs)
only generates a small part of the heat. The LEDs can with-
stand relatively high temperatures compared to the driver, in
which some components are sensitive to high temperatures
and degrade in time if exposed to heat. However, in current
LED-based lighting devices, the LEDs and the driver are
normally arranged in proximity to each other and in connec-
tion to the same heat sink. As heat generated by the LEDs
adversely affects the driver, high demands are put on heat
dissipation from the driver for obtaining acceptable lifetimes
of such lighting devices. For enhancing heat dissipation, the
driver is normally fixed in a cavity of the heat sink by thermal
glue (or thermal potting material), which however is expen-
sive and makes assembly as well as recycling more cumber-
some.

[0003] WO 2011042357 shows a lighting device having a
heat sink arranged in the top, an LED mounted to the lower
side of the heat sink, and a cavity for the driver arranged in the
lower portion of the lighting device. A tapered reflector
extends from the lower portion up to the heat sink and
encloses a wire connecting the LED with the driver.

SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide a
lighting device having an improved thermal performance. Itis
also an object of the present invention to provide a lighting
device resembling a conventional incandescent lighting
device.

[0005] These and other objects are achieved by a lighting
device as defined by the independent claim. Embodiments of
the invention are defined by the dependent claims.

[0006] According to an aspect of the invention, a lighting
device is provided. The lighting device comprises a driver
arranged at a base of the lighting device, a heat sink arranged
at a portion of the lighting device, separate from the driver, a
light source mounted to the heat sink, and a wire arranged to
electrically connect the light source to the driver. A portion of
the wire extending from the base to the portion of the lighting
device is arranged to be exposed to light from the light source.
[0007] The present invention uses the concept of separating
the light source and the driver spatially and thermally by
arranging the heat sink, which the light source is mounted to,
separate from the driver, thereby improving the thermal per-
formance of the lighting device. Heat from the light source is
dissipated via the heat sink and heat transfer from the heat
sink to the driver is reduced due to the separation of the two
components, which improves the thermal performance and
increases the lifetime of the lighting device. The reduced heat
transfer from the heat sink to the driver reduces the need of
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thermal potting material supporting the driver, whereby
assembly and demounting are facilitated and material costs
are reduced. The improved thermal performance also enables
an increased input power to the light source, as heat generated
by the light source affects the driver less.

[0008] Further, the present invention is advantageous in
that the wire (or cable) is not completely covered by the
reflector, as a portion of the wire extending from the base to
the portion of the lighting device (at which the heat sink and
the light source are located) is arranged to be exposed to light
from the light source. The exposed wire may hence be illu-
minated by the light source and visible from outside the
lighting device, thereby having the appearance of a filament.
Accordingly, the lighting device better resembles an incan-
descent lighting device than prior art lighting devices, in
which the wire is completely covered by a reflector. Resem-
blance of incandescent lighting devices is a critical issue in
designing [LED-based replacement lamps and implies tech-
nical challenges. The resemblance is a critical factor for
increasing the use of LED-based replacement lamps to
thereby reduce energy consumption. With the present inven-
tion, the incandescent lighting device resemblance is
improved by utilizing the wire interconnecting the light
source and the driver and hence, additional components for
resembling of a filament are not necessary. Prior art lighting
devices, are designed to hide the wire interconnecting the
light source and the driver, but the inventors have realized that
it may be utilized for resembling a filament.

[0009] In an embodiment of the present invention, the
exposed portion of the wire may be adapted to reflect light
from the light source out of the lighting device, thereby mak-
ing the wire more visible from outside the lighting device and
increasing the resemblance of the wire to a filament (ofe.g. an
incandescent lamp). Further, the reflecting portion of the wire
affects the light distribution of the lighting device, as it redi-
rects light from the light source and may contribute to making
the light distribution slightly more omnidirectional.

[0010] According to an embodiment, the lighting device
may further comprise a reflector arranged at the base of the
lighting device for reflecting light from the light source out of
the lighting device. The present embodiment is advantageous
in that the light output of the lighting device is increased, as
light emitted from the light source towards the base is redi-
rected out of the lighting device. For example, the reflector
and the light source may be oppositely arranged. Further, the
shape ofthe reflector may be adapted to redirect light from the
light source into directions at which direct illumination from
the light source is poor, such as in lateral and backward
directions relative to a main forward emission direction of the
light source. Light in such lateral and backwards directions
may otherwise be shadowed by the heat sink at which the light
source is mounted. Further, the reflector may function as a
cover for the driver.

[0011] In an embodiment, the reflector may extend
towards, but not up to, the portion of the lighting device,
thereby leaving a space between the upper end of the reflector
(i.e. the end of the reflector facing the portion of the lighting
device) and the portion at which the heat sink is arranged.
Preferably, the reflector may extend towards, but not up to, the
heat sink. With the present embodiment, the wire is more
visible from any viewing angle, as the reflector obscures the
wire less, thereby further improving the resemblance to an
incandescent lighting device.
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[0012] Inan embodiment, the reflector may be tapered in a
direction from the base towards the light source, whereby the
reflector is adapted to reflect light from the light source in
lateral and backward directions relative to a main forward
emission direction of the light source. The present embodi-
ment is advantageous in that the reflector widens the light
output profile, thereby making it more omnidirectional.
[0013] According to an embodiment of the present inven-
tion, the reflector may have a surface structure comprising
one or more of: grooves, prisms and a scattering pattern,
thereby smoothening the light output profile. The scattering
pattern may e.g. comprise dots or a grid. Further, the scatter-
ing pattern may comprise scattering particles or a rough (or
diffusing) surface structure at the reflector.

[0014] According to an embodiment, the reflector may
enclose the driver in a cavity of the base, thereby protecting
the driver and making the driver less visible (and possibly not
visible at all) from outside the lighting device. For example,
the cavity may be defined in an additional heat sink for cool-
ing the driver (such heat sink will be described in more detail
further below in the present disclosure). Further, the enclo-
sure of the driver in the base improves thermal insulation
between the driver at one end and the light source and its heat
sink at the other end. The reflector may e.g. be made of
plastics or ceramics, and preferably have a low thermal con-
ductivity for thermally shielding the driver from the light
source.

[0015] According to an embodiment of the present inven-
tion, the exposed portion of the wire may be at least partly
enameled, thereby further increasing the resemblance of the
wire to a filament. For example, the enamel (or any other
cover of the wire) may be transparent, thereby making the
metal (copper) core of the wire visible and the wire even more
similar to a tungsten filament.

[0016] In an embodiment of the present invention, a seg-
ment of the exposed portion of the wire may be arranged as a
coil for further improving the filament appearance of the wire.
The segment of the exposed portion of the wire may in other
words be curled.

[0017] According to an embodiment, the lighting device
may further comprise an additional heat sink (which may be
referred to as a driver heat sink) arranged at the base of the
lighting device for cooling the driver. The present invention is
advantageous in that heat dissipation from the driver is
enhanced, thereby further improving the thermal perfor-
mance of the lighting device. The driver heat sink may have a
reduced size compared to heat sinks in prior art lighting
devices, which have to be sufficiently large to manage heat
dissipation from both the driver and the light source. In the
present embodiment, the size of the heat sink may be adapted
to manage heat dissipation merely from the driver, as heat
dissipation from the light source is effected by the other heat
sink (which may be referred to as the light source heat sink).
[0018] In an embodiment, the lighting device may further
comprise an envelope arranged to enclose at least the light
source and the exposed portion of the wire. The envelope may
be diffuse (comprise a scattering structure) for reducing glare
from the light source, or clear making the interior of the
lighting device (including the wire) visible from outside the
lighting device.

[0019] According to an embodiment of the present inven-
tion, the portion of the lighting device may be arranged oppo-
site to the base, thereby spatially separating the light source
heat sink from the driver. In the present embodiment, the
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portion of the lighting device may be referred to as an upper
portion of the lighting device (relative to the base, which then
may be referred to as alower portion). The light source, which
in the present embodiment is, accordingly, located at the
upper portion of the lighting device, may be arranged to emit
light towards the base, at which a reflector is preferably
arranged.

[0020] It is noted that the invention relates to all possible
combinations of features recited in the claims. Further objec-
tives of, features of, and advantages with, the present inven-
tion will become apparent when studying the following
detailed disclosure, the drawings and the appended claims.
Those skilled in the art realize that different features of the
present invention can be combined to create embodiments
other than those described in the following.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] 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.

[0022] FIG. 1 shows a lighting device according to an
embodiment of the present invention.

[0023] FIG. 2isacross sectional view ofthe lighting device
shown in FIG. 1.

[0024] FIG. 3 is an exploded view of the lighting device
shown in FIGS. 1 and 2.

[0025] FIG. 4 shows a lighting device according to another
embodiment of the present invention.

[0026] All the figures are schematic, not necessarily to
scale, and generally only show parts which are necessary in
order to elucidate the invention, wherein other parts may be
omitted or merely suggested.

DETAILED DESCRIPTION

[0027] With reference to FIGS. 1-3, a lighting device
according to an embodiment of the present invention will be
described.

[0028] FIGS. 1-3 show a lighting device 1 having a base 2
(or lower portion) and an upper portion 3 opposite to the base
2. At the base 2 of the lighting device 1, a cap 4 (such as a
threaded cap) for fitting the lighting device 1 in a lamp fitting
and a driver heat sink 5 (also referred to as an additional heat
sink in the present disclosure) defining a cavity 6 are
arranged. In the cavity 6, a driver 7 for driving a light source
13 of the lighting device 1 (such as a printed circuit board,
PCB, driver) is arranged. Preferably, the driver 7 is mounted
in the cavity 6 without (or at least with just a small amount of)
thermal glue or potting for facilitating assembly as well as
recycling of the lighting device 1. The driver heat sink 5 may
be made of a material having high thermal conductivity, such
as a metal, e.g. aluminum. Alternatively, the driver heat sink
5 may be omitted and a supporting element, of a similar shape
and made of e.g. ceramic or plastic, may instead define the
cavity 6. Such alternative supporting element is possible since
the driver 7 only produces a rather small amount of heat,
whereby a heat sink for cooling the driver in some cases may
be optional.

[0029] The driver 7 is enclosed in the cavity 6 of the base 2
by a reflector 8 having a shape which is tapered towards the
upper portion 3 of the lighting device 1. For example, the
reflector 8 may be conical. The reflector 8 may preferably be
made of plastic (which is cheap, light and easy to shape) or
any other thermally insulating material. Further, the upper
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surface, i.e. the surface of the reflector 8 facing the upper
portion 3, is coated with a reflective material, such as a film or
layer. In an embodiment, structures for achieving a desired
light output profile may be comprised in the reflector 8. In the
example shown in FIG. 3, grooves 9 are provided in the
reflector for smoothening the light distribution. Alternatively,
or as a complement, prism-shapes and/or scattering patterns
(not shown) may be provided in the reflector 8.

[0030] At the upper portion 3, such as at the top most
portion, of the lighting device 1, a heat sink 14 is arranged
and, at an underside 15 of the heat sink 14 (i.c. the side 15 of
the heat sink 14 facing the base 2 of the lighting device 1), the
light source 13 is arranged. The light source 13 (or the PCB at
which light source 13 is connected) may be attached onto the
heat sink 14 with e.g. glue or screw. The heat sink 14 is
adapted to dissipate heat from the light source 13 and may
therefore be made of metal (such as aluminum) and may
preferably be provided with fins 16 (or ribs) for further
improving heat dissipation from the light source 13.

[0031] An envelope 12 encloses the interior of the lighting
device 1 and reaches at least from the base 2 to the upper
portion 3 of the lighting device 1. The envelope 12 may be
diffuse (scattering particles may then be enclosed in the enve-
lope 12) or clear, and made of e.g. glass or plastic.

[0032] The light source 13 is electrically connected to the
driver 7 by a wire 10 running inside the envelope 10 from the
driver 7 in the base 2 up to the light source 13 at the upper
portion 3. As neither the reflector 8 nor any other component
of the lighting device 1 obscures the wire 10, the wire 10 is
exposed to light from the light source 13 and may be visible
through the envelope 12, in particular if the envelope 12 is
clear, from outside the lighting device 1. It will be appreciated
that the wire 10 may be visible both if the light source 13 is on
or off. As the wire 10 is exposed and hence visible from
outside the lighting device 1, the wire 10 may be assimilated
as a filament, such as for incandescent lamps. The wire 10
may be arranged separate from the envelope 12 and run freely
from the base 2 up to the upper portion 3. Conductors for both
current directions (to and from the light source 13) may be
included in the same wire 10, whereby a single wire 10 is
sufficient (as shown in FIGS. 1-3). However, it will be appre-
ciated that the conductors for the two current directions may
be comprised in separate wires, whereby two wires may
extend from the driver to the light source 13 (not shown). It is
also conceivable that the lighting device may comprise sev-
eral light sources (not shown), wherein one or more wires
may connect the light sources to the driver.

[0033] Forfurtherimproving the resemblance ofa filament,
at least a part of the exposed portion of the wire 10 may be
provided with a coating. The coating may e.g. comprise
enamel for slightly reflecting light from the light source 13
out of the lighting device 1. The enamel (or coating) may be
transparent, whereby the metal core of the wire 10 is visible.
Alternatively, or in combination, the coating may comprise
luminescent material, such as yellow/red pigments or dye, for
tuning impinging light in respect of color. The wire 10 may
then better resemble a glowing filament.

[0034] Inthe present embodiment, the wire 10 runs straight
from the base 2 up to the upper portion 3, but it will be
appreciated that the wire 10 may have any desired shape.

[0035] With reference to FIG. 4, a lighting device accord-
ing to another embodiment of the present invention will be
described.
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[0036] FIG. 4 shows a lighting device 2 which may be
identical to the lighting device 1 described with reference to
FIGS. 1-3, except for the shape of the wire 20. In the present
embodiment, a segment of the exposed portion of the wire 10
is arranged as a coil 21 for further improving the resemblance
to a filament. Further, the conductors for the two current
directions between the driver and the light source are com-
prised in separate wires 20, whereby two wires 20 extend
from the driver to the light source.

[0037] The person skilled in the art realizes that the present
invention by no means is limited to the preferred embodi-
ments described above. On the contrary, many modifications
and variations are possible within the scope of the appended
claims. It should be noted that the above-mentioned embodi-
ments illustrate rather than limit the invention and that those
skilled in the art will be able to design alternative embodi-
ments without departing from the scope of the appended
claims. In the claims, any reference signs placed between
parentheses shall not be constructed as limiting the claim. The
word “comprising” does not exclude the presence of elements
or steps not listed in a claim. The word “a” or “an” preceding
an element does not exclude the presence of a plurality of
such elements. The usage of the words first, second and third,
etc., does not indicate any ordering. These words are to be
interpreted as names. No specific sequence of acts is intended
to be required unless specifically indicated.

1. A lighting device comprising:

a driver arranged at a base of the lighting device,

a heat sink arranged at a portion of the lighting device,

separate from the driver,

a light source mounted to the heat sink,

a wire arranged to electrically connect the light source to

the driver, and

an envelope arranged to enclose at least the light source and

an exposed portion of the wire;

wherein the wire is arranged separate from the envelope

and run freely from the base to the portion of the lighting
device, and

wherein a portion of the wire extending from the base to

said portion of the lighting device is arranged to be
exposed to light from the light source.

2. The lighting device as defined in claim 1, wherein the
exposed portion of the wire is adapted to reflect light from the
light source out of the lighting device.

3. The lighting device as defined in claim 1, further com-
prising a reflector arranged at the base of the lighting device
for reflecting light from the light source out of the lighting
device.

4. The lighting device as defined in claim 3, wherein the
reflector extends towards, but not up to, the portion of the
lighting device.

5. The lighting device as defined in claim 3, wherein the
reflector is tapered in a direction from the base towards the
light source.

6. The lighting device as defined in claim 5, wherein the
reflector has a surface structure comprising one or more of:
grooves, prisms and a scattering pattern.

7. The lighting device as defined in claim 6, wherein the
reflector encloses the driver in a cavity of the base.

8. The lighting device as defined in claim 7, wherein the
exposed portion of the wire is at least partly enameled.

9. The lighting device as defined in claim 8, wherein a
segment of the exposed portion of the wire is arranged as a
coil .
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10. The lighting device as defined in claim 9, further com-
prising an additional heat sink arranged at the base of the
lighting device for cooling the driver.

11. (canceled)

12. The lighting device as defined in claim 10, wherein the
portion of the lighting device is arranged opposite to the base.
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