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A LAMP WITH A HEAT SINK

FIELD OF THE INVENTION

The invention relates to a lamp comprising a driver assembly, the driver
assembly comprising a driver board with driver electronics, at least one point light source and
a heat sink, the heat sink comprising a top side and a bottom side, a central space extending
from said bottom side to said top side and adapted for receiving said driver board of said
driver assembly, and a zone provided at said top side and adapted for receiving said at least

one point light source.

BACKGROUND OF THE INVENTION

Lamps of the above type are traditionally halogen light source based and used
in halogen spots. These traditional halogen light source based lamps are now to a rising
extend being exchanged with LED based lamps of the above type used as retrofits for halogen
lighting devices.

Therefore, the demand for an energy saving alternative to existing types of
LED-based lamps is very high. Removing the considerable heat generated by the light source
is a challenge, which normally necessitates limiting the power, and thus the light output, to
levels below what is desired, the use of a heatsink having a size exceeding the outline of the
lamp or the inclusion of a fan for active cooling.

Most LED based lamps share the same layout: a central cylindrical body
surrounded by a metallic structure with fins working as a heatsink.

The cylindrical body, which usually has a diameter of less than 50 mm,
contains the light sources, the optics and the driver assembly. Depending on the driver
topology, LED type and number, and optics, the diameter of the cylindrical body may be very
large, leaving very little space for the cooling fins.

US 8,018,136 B2 describes an LED connector assembly comprising an LED, a
driver assembly and a heat sink having a cylindrical core aperture. The driver assembly
comprises a driver card mounted in guide slots extending on opposite sides of the core
aperture and configured to receive the driver card. The driver card comprises slots mating
with end walls of the guide slots. The electronical components of the driver assembly are
arranged on the driver card such as to be positioned within the core aperture.

These known types of lamps have several disadvantages. First of all the
thermal resistance (Rth) of the heatsinks is too high to fulfill the requirements for high power

applications. The large circular cross section of the central aperture of the known solutions
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reduces the volume available for the heat dissipating fins of the heat sink resulting in an
insufficient air flow. This has been targeted as the main reason for the insufficient thermal
resistance of the known lamps. Moreover, the position of the driver assembly results in a
rather long thermal path from the components to the heatsink, leading to an elevated average
temperature of the driver assembly components being about 7 °C above the temperature of the
outskirts of the heat sink.

Furthermore, the space available for the driver assembly is insufficient. The
driver requirements in terms of volume and area for the printed circuit board (PCB) of the
driver assembly are stringent and hard to achieve within the form factors of the known types
of lamps.

Also, while the thermal rating, i.e. the temperature for which they are rated to
be able to work without being negatively affected, of most of the components both of the
driver assembly and related to the light source is above 125 °C, some of them, such as
electrolytic capacitor(s), are more sensitive to high temperatures. Therefore, the more
thermally sensitive components need to be arranged such as to be better protected from high
temperatures. However, the construction of the known types of lamps results in an unsuitable
arrangement of both the driver assembly components and the light source components with
respect to their thermal rating, as thermally sensitive and heat generating components are

arranged closely together.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome these problems, and to
provide a lamp of the type mentioned initially with which the thermal resistance is improved,
the amount of space available for the driver assembly is enlarged and the thermally sensitive
electronic components are better protected from high temperatures.

According to the invention, this and other objects are achieved with a lamp of
the type mentioned initially wherein a plurality of fins adapted for dissipating heat are
extending on opposite sides of the central space, and an extension of the central space in at
least one radial direction of the heat sink is larger than an extension of the zone in the radial
direction of the heat sink such that the central space is provided with at least one section
arranged offset from and radially adjacent to the zone.

Thereby a lamp is provided with which:

* more space for the fins of the heat sink is provided, thus improving the
thermal resistance of the lamp,

» the amount of space available for the driver assembly is enlarged by
means of the extension of the central space in a radial direction thus
providing space for arranging the thermally sensitive and heat

generating components spaced more apart, and
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* avolume with a generally lower temperature is provided for in virtue of
the extension of the central space in a radial direction being offset from
the zone for receiving the light source, thus providing for better
protection of the thermally sensitive components.

In an embodiment the at least one section is arranged such as to constitute a
cold spot of the central space, thus providing for a particularly convenient possibility for
arranging the electronic components of the driver assembly according to their thermal rating,
thereby ensuring even better protection of the thermally sensitive electronic components from
high temperatures. Consequently, in an embodiment the driver electronics of the driver board
are arranged on the driver board in such a way that in the assembled state of the lamp the
components of the driver electronics having the highest thermal sensitivity are placed in the at
least one section of the heat sink.

In an embodiment the lamp furthermore comprises an optical component
arranged in front of the at least one light source, the optical component comprising optical
elements such as a reflector or a collimator, the zone comprising a shape conforming to the
shape of the optical component. Thereby it is ensured that the lamp irradiates light with a
desired light distribution depending on the types and numbers of optical elements provided
for.

In an embodiment the fins of the heat sink are arranged extending from the
central space in an asymmetrical manner with respect to a longitudinal direction x of the
lamp, whereby a particularly good cooling effect is obtained in that the area of the heat
dissipating fins may be made particularly large.

In an embodiment the lamp further comprises at least two point light sources
arranged mutually spaced apart, and an optical component is arranged in front of each of the
at least two light sources, each of the optical components comprising optical elements such as
a reflector or a collimator, the zone comprising a shape conforming to the combined shape of
the optical components. Thereby a lamp is provided with which a larger light output may be
obtained.

In an embodiment the optical components are arranged in an at least partially
overlapping manner, whereby the area necessary for the zone is made smaller, thus providing
for an even better cooling effect in that the space available for the fins is increased.

In an embodiment the point light sources are mounted in an array having a
linear, a clover-like, a rhombic, a rectangular or a quadratic configuration, thus providing for
another parameter for adjusting the light output.

In an embodiment a capacitor and/or a driving element of the driver electronics
is placed in the at least one section of the heat sink, thereby protecting the most temperature
sensitive components of the driver assembly the most from the heat generated by the light

sources in particular.
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In an alternative embodiment the at least one section is provided centrally on
the central space, the point light sources being arranged around the at least one section in a
symmetric or asymmetric manner, whereby the same advantages as described with respect to
the first embodiment of the invention are obtained.

The at least one point light source may be arranged on a board.

In an embodiment the board comprises a hole, the components of the driver
electronics being placed in the at least one section of the heat sink in the assembled state of
the lamp being arranged such as to protrude at least partially through the hole, whereby a
particularly efficient cooling of the most heat sensitive components of the driver assembly is
achieved.

In an embodiment the driver assembly comprises a driver slot adapted for
receiving the driver board, and wherein the central space is adapted for receiving the driver
board and the driver slot. Thereby a lamp is provided in which the driver assembly may be
mounted in a particularly simple and secure manner, particularly as the driver slot provides
for a possibility for arranging the driver assembly and the heat sink electrically isolated from
one another.

Preferably, the least one point light source is at least one light emitting diode
(LED) or an array of LEDs.

In an embodiment the bottom side of the heat sink is made out of a thermally
conductive plastics material and the top side of the heat sink is made out of a metal. Thereby a
lamp is provided in which the electrical safety is improved in that the part of the heat sink
being the closest to the electrical connector is made of an electrically non-conductive
material.

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 embodiment(s) of the invention.

In the drawings:

Fig. 1 shows a perspective side view of a first embodiment of a lamp according
to the invention,

Fig. 2 shows a perspective bottom view of the lamp according to Fig. 1,

Fig. 3 shows a top view of the lamp according to Fig. 1,

Fig. 4 shows a cross sectional view of the lamp according to Fig. 1 along the
line IV-IV of Fig. 1,

Fig. 5 shows a cross sectional view of the lamp according to Fig. 1 along the
line V-V of Fig. 1
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Fig. 6 shows an exploded view of the lamp according to Fig. 1,

Fig. 7 shows a cross sectional view of a second embodiment of a lamp
according to the invention along the longitudinal axis x shown in Fig. 9,

Fig. 8 shows a bottom view of the lamp according to Fig. 7,

Fig. 9 shows an exploded view of the lamp according to Fig. 7,

Fig. 10 shows a top view of a lamp according to the first embodiment of the
invention and with an alternative configuration of the fins of the heat sink,

Fig. 11 shows a different embodiment of the central space and the zone of the
heat sink of a lamp according to the first embodiment of the invention comprising several
light sources with mutually overlapping optical elements,

Figs. 12-13 show two different embodiments of the central space and the zone
of the heat sink of a lamp according to the invention comprising several light sources with
optical elements, the zone being arranged eccentrically with respect to the center of the heat
sink,

Fig. 14 shows a perspective side view of a lamp according to the first
embodiment of the invention in which four point light sources are provided in a rhombic
configuration with overlapping optical components,

Fig. 15 shows a top view of the lamp according to Fig. 14,

Fig. 16 shows a cross sectional view of the lamp according to Fig. 14 along the
line XVI-XVI shown in Fig. 14,

Fig. 17 shows a cross sectional view of the lamp according to Fig. 14 along the
line XVII-XVII shown in Fig. 14,

Fig. 18 shows a perspective top view of a third embodiment of a lamp
according to the invention,

Fig. 19 shows a perspective view of a heat sink and of a driver slot with a
driver assembly of a lamp according to Fig. 18,

Fig. 20 shows a perspective side view of a lamp according to Fig. 18,

Fig. 21 shows a graphical representation of a simulation of the velocity of the
air flow through the heat sink of a conventional prior art lamp, and

Fig. 22 shows a graphical representation of a simulation of the velocity of the

air flow through the heat sink of a lamp according to the invention.

DETAILED DESCRIPTION

Figs. 1-6 show a first embodiment of a lamp according to the invention. The
lamp generally comprises a driver assembly 1, four separately arranged point light sources 31
and a heat sink 2.

The lamp according to Figs. 1-6 furthermore comprises an optical component

4, a board 3 on which the four point light sources 31 are arranged and a driver slot 12. It is
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noted that one or more or even all of the optical component 4, the board 3 and the driver slot
12 may be optional.

The driver assembly comprises a driver board 11 with driver electronics for
driving the four point light sources. The driver electronics includes a driving element 7 and a
capacitor 6 as well as other electronic components necessary for driving the four point light
sources in a way known per se by the skilled person. It is noted that the driving element 7 and
the capacitor 6 are the two most heat sensitive components of the driver electronics. The
driver electronics preferably also comprises at least one electrical connection element &, such
as a pin, for connection to a source of electrical energy for providing electrical energy to the
lamp.

The at least one point light source 31 —i.e. in Figs. 1-6 the four point light
sources — may in principle be any feasible type of point light source, such as e.g. a light
source with a pin hole arranged in front thereof, or an array of point light sources.
Alternatively, a linear light source, such as e.g. a linear Chip-On-Board LED, may be used. In
the embodiments shown in the drawings the at least one point light source 31 is, however, a
light emitting diode (LED), but may also be two or more LEDs or an array of LEDs. The
number of point light sources 31 may furthermore in principle be any feasible or desirable
number.

The optical component 4 shown in Figs. 1-6 in fact consists of four separate
optical components, one for each point light source 31, which are provided in a clover-like
and partially overlapping configuration such as to provide for optical components taking up as
little space as possible. The optical component 4 comprises optical elements which may in
principle be any type of optical elements. For instance the optical element may be a reflector,
a lens, a mirror, a grating, a prism, a diffuser or a combination thereof.

The heat sink 2 comprises a top side 25 and a bottom side 24. A central space
20 extends in the longitudinal direction x (Fig. 6) of the heat sink 2 from the bottom side 24 to
the top side 25 and is adapted for receiving the driver board 11 and the driver slot 12 of the
driver assembly. In embodiments where the driver slot 12 is omitted the central space is
merely adapted for receiving the driver board 11. A zone 23 is provided at the top side 25 for
receiving the at least one point light source 31, the board 3 and the optical component 4. In
embodiments where the board 3 and/or the optical component 4 is omitted the zone is merely
adapted for receiving those of the at least one point light source 31, the board 3 and the optical
component 4 present.

The heat sink furthermore comprises a plurality of fins 21 adapted for
dissipating heat. The fins 21 are extending on opposite sides of the central space 20 seen in
the radial direction y of the heat sink 2 (Fig. 6). Preferably, the fins 21 extend from the
opposite sides of the central space 20 in an asymmetrical manner, particularly in an

asymmetrical manner with respect to the longitudinal direction x of the lamp.
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The central space 20 comprises an extension in at least one radial direction y of
the heat sink 2 being larger than an extension of the zone 23 in the same radial direction of the
heat sink 2. Thereby the central space 20 is provided with at least one section 22 arranged
offset from and radially adjacent to the zone 23. In the embodiment shown in Figs. 1-6 the
central space is provided with two such sections 22a, 22b. Preferably, the two sections 22a,
22b are arranged such as to constitute cold spots of the central space 20.

The heat sink 2 is preferably made of a metal, such as e.g. aluminum, for good
heat dissipation properties. In a preferred embodiment, however, the bottom side 24 of the
heat sink 2 is made out of a thermally conductive plastics material and the top side 25 of the
heat sink 2 is made out of a metal, e.g. aluminium.

The board 3 is preferably a printed circuit board (PCB) but may in principle be
any suitable type of board. The board 3, on which the four point light sources 31 are mounted,
is arranged in the zone 23 and attached to the heat sink 2 in such a way that the four point
light sources 31 are electrically connected to the driver assembly 1. The optical component 4
is arranged on top of the four light sources.

The driver board 11 is preferably a printed circuit board (PCB) but may in
principle be any type of board suitable for mounting electronic components in a circuit. The
driver board 11 of the driver assembly 1 is arranged in the driver slot 12, which in turn is
arranged in the central space 20. The electronic components of the driver board 11 are
arranged in such a way on the driver board, that when the lamp is assembled, the electronic
components which are the most temperature sensitive — i.e. the driving element 7 and the
capacitor 6 — are arranged cach in one of the two sections 22a, 22b of the central space 20 of
the heat sink 2. As the two sections 22a, 22b are arranged offset from and radially adjacent to
the zone 23, the sections 22a, 22b are not directly exposed to the heat irradiation from the
point light sources 31, and therefore provide volumes with a lower temperature than the part
of the central space 20 directly below the point light sources 31. Also, the capacitor 6 and the
driving element 7 are arranged in a distance from the remaining components of the driver
board 11 as well as from the point light sources 31.

It is noted that a luminaire comprising a lamp according to the invention may
furthermore comprise at least one housing (not shown) enclosing the lamp at least partially. In
a particular embodiment, however, the heat sink 2 may form the housing.

Turning now to Figs. 7-9 a second embodiment of a lamp according to the
invention is shown. The lamp according to Figs 7-9 differs from the lamp described above
with respect to Figs. 1-6 only in the configuration of the point light sources 31 and in the
configuration of the sections 22a, 22b and 22c.

The lamp according to Figs. 7-9 comprises four point light sources 31 arranged
mutually spaced apart on a common board 3. The four point light sources 31 are arranged in a

linear array extending in a radial direction y of the heat sink 2. In principle the four point light
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sources 31 may just as well be arranged on four separate boards, one for each point light
source. An optical component 4 of the type described above is arranged in front of each of the
four point light sources 31. Each optical component 4 comprises a circular cross section.

The zone 23 of the heat sink 2 comprises a shape conforming to the combined
shape of said optical components 4, i.e. a shape corresponding to four circular areas arranged
on a line such as to be spaced apart or to touch each other in one peripheral point (cf. Fig. 9).
Hence the central space 20 comprises three sections 22a, 22b, 22¢ arranged offset from and
radially adjacent to the zone 23 in positions corresponding to the transition between the four
circular areas of the zone 23. As may be seen from Fig. 9, the driving element 7 and the
capacitor 6 are arranged on the driver board 11 in such a way to be placed in section 22b and
22¢, respectively, in the assembled state of the lamp.

In this way the part of the lamp consisting of the driver assembly 1, the point
light sources 31 including board 3 and the optical components 4 becomes very compact,
thereby leaving more room for the heat dissipating fins 21 extending on each opposite side of
the central space 20.

It is noted that irrespective of the embodiment the point light sources 31 of the
lamp may in principle be mounted in an array having any feasible geometrical configuration.
Examples are, without being limited to, a linear, a clover-like, a rhombic, a rectangular or a
quadratic configuration. Furthermore, the optical components 4 may be arranged in an
overlapping or a non-overlapping configuration.

Different examples are shown in Figs. 11 and 14-17. The lamp shown in Fig.
11 comprises four point light sources (not visible) arranged in a quadratic configuration and
with four optical components 4 arranged in an overlapping configuration. Figs. 14-17 show a
lamp according to the embodiment described above and shown in Figs. 1-6 but in which the
four point light sources 31 are provided in a rhombic configuration with optical components 4
arranged in an overlapping configuration.

Also, the fins 21 of the heat sink 20 may be provided with other shapes than
the linear shape shown in the embodiments of Figs. 1-9. Fig. 10 shows a lamp provided with a
heat sink 2 comprising a plurality of fins 21 arranged in a swirling configuration. With such a
heat sink 2 the central space 20 and the zone 23 of the heat sink 2 may, and as shown in Fig.
10, be provided with a cross section having an S-like shape or a shape conforming to the
space between two sets of radially opposing fins.

Turning now to Figs. 18-20 a third embodiment of a lamp according to the
invention is shown. The lamp according to Figs 18-20 differs from the lamp according to the
first embodiment described above with respect to Figs. 1-6 only in the aspects described in the
following.

The lamp shown in Figs. 18-20 comprises five point light sources 31 arranged

on a board 3 in a circular configuration on the zone 23 of the central space 20 of the heat sink
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2 around a central area of the board 3 on which no point light source is provided. Hence, the
zone 23 in this embodiment has a ring-shaped configuration. This central area of the board 3
is arranged over the section 22, which is arranged offset from and radially adjacent to the zone
23, of the central space 20.

The central area of the board 3 is in the embodiment shown provided with a
hole 32, through which the capacitor 6 is arranged to extend. Alternatively another heat
sensitive element of the driver electronics may be arranged to extend through the hole 32.
Alternatively, in embodiments with no hole in the board 3, the capacitor 6 may be arranged
directly under the central area of the board 3.

Furthermore, the plurality of fins 21 are arranged extending radially from all
sides, and thus also opposite sides, of the central space 20 of the heat sink 2 as the radial
extension of the central space 20 is smaller than the radial extension of the heat sink 2 itself.

Figs. 12-13 show two different configurations of the section 22 and the zone 23
of the central space 20 of the heat sink 2 of a lamp according to the third embodiment of the
invention. In both configurations, the lamps comprise four point light sources (not visible)
with associated optical components 4 arranged eccentrically on the central space and radially
offset from the center of the heat sink. Hence, the zone 23 of the heat sink is likewise
arranged eccentrically on the central space and radially offset from the center of the heat sink

Fig. 12 shows a configuration in which the zone 23 and thus all four point light
sources (not visible) and associated optical components 4 are arranged radially offset to the
same side of the center of the heat sink 2 and in which the section 22 is arranged radially
offset to the opposite side. As shown, the capacitor 6 of the driver electronics is arranged in
the section 22.

Fig. 13 shows a configuration with four point light sources (not visible) and
associated optical components 4 arranged in two groups with two point light sources each.
Two of the point light sources and associated optical components 4 are radially offset to one
side of the center of the heat sink 2 and two of the point light and associated optical
components 4 sources are radially offset to the opposite side. The zone 23 is thus divided into
two radially opposite areas corresponding to each of the two groups of point light sources.
The section 22 is arranged centrally on the heat sink 2 and thus on the central space 20. As
shown, the capacitor 6 of the driver electronics is arranged in the section 22.

Finally, turning to Figs. 21 and 22 an illustration of the effect on the velocity of
the air flow, and thus the heat dissipation, through a heat sink of a lamp according to the
invention is shown.

Fig. 21 represents a simulation of the velocity of the air flow through the heat
sink of a conventional prior art lamp, while Fig. 22 shows a simulation of the velocity of the
air flow through the heat sink of a lamp according to the invention. Both simulations are made

by means of Computational Fluid Dynamics (CFD) simulation, showing the air flow, as it
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results from a natural convection case, where the heat sink temperature is kept the same in
both cases. Also, the lamps were provided with an identical number of point light sources and
the ambient temperature as well as the voltage and frequency applied to the lamps was the
same in the two simulations.

As is apparent from the simulations the velocity, and thus the heat transfer
coefficient, is increased considerably with lamps according to the invention, as shown in Fig.
22. Measurements also show an improvement in thermal resistance between the prior art type
lamps and a lamp according to the invention of more than 20% from 10.5 to 8.5 K/W.

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.
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CLAIMS

1. A lamp comprising a driver assembly (1), said driver assembly comprising a
driver board (11) with driver electronics, at least one point light source (31) and a heat sink
(2), the heat sink comprising:
a top side (25) and a bottom side (24),
a central space (20) extending from said bottom side to said top side and
adapted for receiving said driver board of said driver assembly,
a zone (23) provided at said top side and adapted for receiving said at least one
point light source (31), wherein
a plurality of fins (21) adapted for dissipating heat are extending on
opposite sides of said central space, and
an extension of said central space in at least one radial direction (y) of
said heat sink is larger than an extension of said zone in said radial direction (y) of
said heat sink such that said central space is provided with at least one section (22a,

22b) arranged offset from and radially adjacent to said zone.

2. A lamp according to claim 1, wherein said at least one section (22a, 22b) is

arranged such as to constitute a cold spot of said central space (20).

3. A lamp according to claim 1 or 2, wherein said driver electronics of said driver
board (11) are arranged on said driver board in such a way that in the assembled state of the
lamp the components of the driver electronics having the highest temperature sensitivity are
placed in said at least one section (22a, 22b) of the heat sink.

4. A lamp according to any one of the preceding claims, wherein it furthermore
comprises an optical component (4) arranged in front of said at least one light source, said
optical component comprising optical elements such as a reflector or a collimator, said zone

(23) comprising a shape conforming to the shape of said optical component.

5. A lamp according to any one of the preceding claims, wherein said fins of said
heat sink are arranged extending from said central space in an asymmetrical manner with

respect to a longitudinal direction (x) of said lamp.



WO 2014/045188 PCT/IB2013/058596
12

6. A lamp according to any one of the preceding claims, further comprising at
least two point light sources arranged mutually spaced apart, and wherein an optical
component (4) is arranged in front of each of the said at least two light sources, each said
optical component comprising optical elements, said zone (23) comprising a shape

conforming to the combined shape of said optical components.

7. A lamp according to claim 6, wherein said optical components (4) are arranged

in an at least partially overlapping manner.

8. A lamp according to any one of claims 5-7, wherein said point light sources
(31) are mounted in an array having a linear, a clover-like, a rhombic, a rectangular or a

quadratic configuration.

9. A lamp according to any one of the preceding claims, wherein a capacitor (6)
and/or a driving element (7) of said driver electronics is placed in said at least one section
(22a, 22b) of the heat sink.

10. A lamp according to any one of the preceding claims, wherein said at least one
section (22a, 22b) is provided centrally on said central space, said point light sources being

arranged around said at least one section in a symmetric or asymmetric manner.

11. A lamp according to any one of the preceding claims, wherein said at least one
point light source is arranged on a board (3); wherein said board comprises a hole (32), the
said components of the driver electronics being placed in the said at least one section (22a,
22b) of the heat sink in the assembled state of the lamp being arranged such as to protrude at
least partially through said hole (32).

12. A lamp according to any one of the preceding claims, wherein said driver
assembly comprises a driver slot (12) adapted for receiving said driver board, and wherein

said central space (20) is adapted for receiving said driver board and said driver slot.

13. A lamp according to any one of the preceding claims, wherein said at least one

point light source (31) is at least one light emitting diode (LED) or an array of LEDs.

14. A lamp according to any one of the preceding claims, wherein the bottom side
(24) of said heat sink is made out of a thermally conductive plastics material and wherein the

top side (25) of said heat sink is made out of a metal.
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15. A luminaire comprising a lamp according to any one of the preceding claims,
wherein the luminaire furthermore comprises at least one housing enclosing said lamp at least

partially.
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