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(54) Lighting device

(57) A lighting device (10) includes a tray-like hous-
ing (12) with a base wall (12a), at least one light radiation
source (14), of the LED type for example, on the base
wall (12a) of the housing (12), having electrical contact
pads (14a) in an opposite position from the base wall
(12a) of the housing (12), and a circuit board (16) on the
base wall (12a) of the housing (12) with electrically con-
ductive lines (160) extending on the face of the board
opposite from the base wall (12a) of the housing (12),
with respective electrical contact pads (16a) placed in
positions facing the electrical contact pads (14a) of the
light radiation source or sources (14). At least one optical

element (18), such as a reflector, is provided, with a light
input (18a) to collect light radiation at the light radiation
source or sources (14) and one or more light outputs
(18b) to project light radiation from the lighting device
(10). The optical element (18) has an electrically non-
conductive base wall (180) which urges the light radiation
source or sources (14) and the circuit board (16) toward
the base wall (12a) of the housing (12), and carries elec-
trical contacts (1800) to bridge the contact pads (14a,
16a) of the light radiation source or sources (14) and the
circuit board (16).
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Description

Technical field

[0001] The present description relates to lighting de-
vices.
[0002] Various embodiments may relate to lighting de-
vices using LED sources as light radiation sources.

Prior art

[0003] Lighting modules, such as those for street light-
ing, using solid state light radiation sources ("Solid State
Lighting", or SSL) can be considered competitive in that
they simultaneously meet various requirements in terms
of robustness relating to the context of their use "in the
field", namely:

- resistance to electrical overstress (EOS),
- resistance to thermal dissipation,
- long service life, and
- mechanical strength.

[0004] The first aspect mentioned above is related to
the phenomena of electric overload: proper electrical in-
sulation is important not only for avoiding the harm
caused by electrostatic discharge (ESD) events during
the assembly of the lighting module or of the correspond-
ing device, but also in relation to electrical overload
events such as those caused by lightning.
[0005] The second aspect is related to the thermal dis-
sipation properties of the housing which encloses the
module, and may require a considerable part of the light-
ing device to be made of a metal material (such as alu-
minum) so that it has a certain degree of weight. If the
module has low thermal resistance between the connec-
tion points of the light radiation sources (such as LEDs)
and the thermal dissipation surface of the module, the
corresponding device may also have a rather high ther-
mal resistance between the surface in contact with the
module and the external environment.
[0006] The third aspect relates to the faults that may
arise in the module even without any causation by a spe-
cific external event. These events may have a negative
effect on the service life, either in the form of "soft" faults
(the light flux falls below a certain threshold level, without
total loss of light emission), or in the form of "hard" faults
(the radiation source ceases to emit radiation and acts
as either an open or a closed contact).
[0007] The fourth aspect relates to the mechanical
strength in the conditions of use in the field, and requires
the module to meet certain requirements in terms of me-
chanical performance, in exterior applications for exam-
ple (resistance to vibration, impact, and the like).
[0008] In various designs of lighting devices, of the sol-
id state type for example, the four aspects mentioned
above tend to create opposing constraints.
[0009] For example, electrical insulation may be

achieved by using mechanically robust substrates, with
the risk of adversely affecting the thermal dissipation
characteristics and increasing the possibility of hard
faults; on the other hand, materials capable of providing
electrical insulation together with good thermal dissipa-
tion characteristics while also reducing the risks of hard
faults may be mechanically fragile. For example, it is pos-
sible to use substrates of the PCB (printed circuit board)
type, in other words those resembling printed circuits,
with metal cores, using high luminosity LEDs as the light
radiation sources. Solutions of this kind have good char-
acteristics in terms of thermal dissipation, electrical insu-
lation and mechanical robustness. However, they may
have critical aspects due to the differences in the coeffi-
cient of thermal expansion (CTE) that may be encoun-
tered, for example, between the ceramic packages of
high luminosity LEDs and materials such as aluminum
(15-20 ppm/°C). In all cases, there is a risk of increasing
the possibility of hard faults in the soldering points be-
tween the package and the LEDs and the PCB if the
module is subjected to thermal cycles such as those
which may occur to a pronounced degree in exterior ap-
plications, and the consequent possibility of observing a
marked reduction in the service life of the LEDs: for ex-
ample, as regards the light emission performance (LED
lumen maintenance), the specified values of 100 kilo-
hours may fall to values of 20 - 30 kilohours when meas-
ured in the field.
[0010] It has been proposed that these problems
should be tackled by replacing aluminum with copper,
for which the mismatch with the ceramic materials in
terms of CTE is lower, at about 10 - 15 ppm/°C. However,
this solution has the drawback of practically doubling the
cost compared with solutions in which aluminum is used
for making the PCB, which is unacceptable in applica-
tions where the cost of the PCB accounts for a significant
part of the overall cost of the device.
[0011] A performance substantially comparable to that
of copper, in terms of the mismatch of the coefficient of
thermal expansion (CTE) with respect to packages of
ceramic material, can be achieved by using the material
known as FR4, although the latter has a low level of ther-
mal dissipation; attempts may be made to counteract this
characteristic by providing thermal bridges ("vias")
through the PCB, but this has negative effects on the
electrical insulation characteristics.
[0012] It has also been proposed that PCB substrates
of ceramic material should be used, as these can provide
high performance in terms of thermal characteristics,
electrical insulation and the service life of the module,
but this would have adverse effects on the mechanical
characteristics, particularly where the possibility of using
large PCBs is being considered.
[0013] The use of what are known as "Chip On Board"
(CoB) products appears more promising, although these
products are uncompetitive, at the present time at least,
in terms of the lighting density (known as the cost per
lumen), while they do not allow a high chip density in the
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CoB.
[0014] It is also possible to consider the use of medium-
to low-power LED sources as light radiation sources, thus
enabling non-ceramic packages to be used and increas-
ing the reliability of the soldered connections. However,
this solution also has the drawback of a high cost per
lumen and rather low resistance to possible corrosion by
environmental factors (such as sulfuric components).

Object and summary

[0015] Various embodiments have the object of over-
coming the aforementioned drawbacks.
[0016] According to various embodiments, this object
is achieved by means of a lighting device as claimed in
the claims below. The claims form an integral part of the
technical teachings provided herein in relation to the in-
vention.
[0017] Various embodiments may be based on the pro-
vision of at least one element (made in the form of a
reflector, for example) which can act simultaneously to
provide not only optical functions, but also mechanical
and electrical functions, allowing in all cases the use of
solid state light radiation sources, such as high luminosity
LEDs, as light radiation sources. These sources may be,
for example, LEDs which are not mounted in a package
but are simply placed on a substrate, for example one
resembling a printed circuit board (PCB), fitted in a hous-
ing of plastic or metal material. Various embodiments
may be applied to solutions in which the light radiation
sources are installed in an area which is sufficiently small
to provide adequate properties of mechanical robustness
for the support, of the PCB type for example. In various
embodiments, the aforesaid element may have:

- one or more reflecting and/or refracting parts or com-
ponents, capable of acting as secondary optics for
the light radiation sources (of the LED type for ex-
ample),

- one or more electrical connectors for providing a
bridge connection for a board carrying electrical an-
ode and cathode power supply lines for the light ra-
diation sources (LEDs); these components can be
embedded in the element or can be made in the form
of additional components, for example in the form of
an additional PCB with anode and cathode bus lines,

- mechanical characteristics used to exert adequate
pressure on the light source or sources and on the
PCB substrate, pressing them against the surface
of an element made of metal or plastic material which
can act as a heat sink; a power supply circuit board
of this type can be made of a material which is ad-
vantageous in terms of cost, for example CEM, FR4,
or, if appropriate, in the form of flexible PCB modules,
of the adhesive type for example.

Brief description of the figures

[0018] Various embodiments will now be described,
purely by way of non-limiting example, with reference to
the appended figures, of which:

- Figures 1 to 5 show various components of some
embodiments,

- Figures 6 and 7 show possibilities for the assembly
of some embodiments,

- Figures 8 to 11 show other components of some em-
bodiments.

Detailed description

[0019] The following description illustrates various
specific details intended to provide a deeper understand-
ing of various exemplary embodiments. The embodi-
ments may be produced without one or more of the spe-
cific details, or with other methods, components, mate-
rials, etc. In other cases, known structures, materials or
operations are not shown or described in detail, in order
to avoid obscuring various aspects of the embodiments.
The reference to "an embodiment" in this description is
intended to indicate that a particular configuration, struc-
ture or characteristic described in relation to the embod-
iment is included in at least one embodiment. Therefore,
phrases such as "in an embodiment", which may be
present in various parts of this description, do not nec-
essarily refer to the same embodiment. Furthermore,
specific formations, structures or characteristics may be
combined in any suitable way in one or more embodi-
ments.
[0020] The references used herein are provided purely
for convenience and therefore do not define the scope
of protection or the extent of the embodiments.
[0021] Various embodiments may relate to a lighting
device 10 which can be used, for example, for street light-
ing applications. The device 10 can be mounted on a
support P such as a pole, a bracket, an overhead line,
or the like, according to the procedures currently used in
the lighting field.
[0022] In various embodiments, the device 10 may be
intended for fitting into a containment structure S which
in turn is intended to be fastened to the support P and
serves to protect the device 10, while also allowing the
light radiation emitted by the latter to be projected into
the environment. This containment structure S, shown
schematically in broken lines in Figure 7 only, mounted
on a support P, may be of any known type. It is therefore
unnecessary to give a detailed description in this docu-
ment, especially since the characteristics of this contain-
ment structure are not particularly relevant to the embod-
iments.
[0023] In various embodiments, a lighting device 10 as
illustrated may include a tray-like containment housing
12 (of rectangular shape, for example), having a base
wall 12a.
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[0024] In various embodiments, one or more light ra-
diation sources 14, of the LED type for example, may be
applied to the base wall 12a of the housing 12.
[0025] In various embodiments, the light radiation
sources 14 may be electrically powered through electrical
contact pads 14a provided, for example, on a plate-like
substrate 140 so as to be placed in an opposite position
from the base wall 12a of the housing 12.
[0026] In various embodiments, a circuit board 16,
which can be made, for example, by procedures sub-
stantially similar to those used for a printed circuit board
(PCB), may have electrically conductive tracks (or lines)
160.
[0027] In various embodiments, the conductive lines
160 may extend on the opposite face of the board 16
from the base wall 12a of the housing 12 between re-
spective electrical connection pads 16a.
[0028] In various embodiments, as shown more clearly
in the views of Figures 6 and 10, in the assembled device
10 the electrical connection pads 16a are placed in a
position facing the electrical connection pads 14a of the
light radiation source or sources 14.
[0029] In various embodiments, one or more optical
elements 18 operating by reflection and/or refraction may
be mounted in the housing 12, each element having at
least one input 18a and at least one output 18b for the
light radiation. The input 18a can be placed at the light
radiation source or at one of the light radiation sources
14 so as to capture the radiation emitted by this source
and then guide it toward the output or outputs 18b, thus
projecting it toward the outside of the lighting device 10.
[0030] In various embodiments, the optical element or
elements 18 may take the form of one or more reflectors
which can be mounted in the housing 12 with the base
part 18 of the reflector, or of each reflector, (the part in-
dicated by 18’, shown more clearly in the views from be-
low in Figures 5 and 11) facing the base wall 12a of the
housing 12. For example, the base part 18’ may be pro-
vided with a base wall 180 having an aperture 180a, en-
abling the reflector to be fitted on a stud 120 projecting
from the base wall 12a of the housing 12. Thus the base
wall 180 (which can be made of an electrically insulating
material such as plastic material, as can the whole body
of the reflector 18 if required) may rest on the light radi-
ation source or sources 14 and on the circuit board 16
(which extends adjacent to the light source or sources
14), and may press these elements against the base wall
12a. As shown more clearly in the representation in Fig-
ure 7, the reflector or reflectors 18 may be locked in this
assembled position by screws 120a or similar fastening
formations which engage, for example, in respective
holes provided in the studs 120.
[0031] In various embodiments, the housing 12 (or at
least the base wall 12a thereof) may be made of a metal
material, for example aluminum, that is to say a material
having good thermal dissipation characteristics.
[0032] In various embodiments, the circuit board 16
can be made by the methods currently used to make

printed circuit boards (PCBs).
[0033] In various embodiments, the board 16 may be
provided with conductive lines or tracks 160 organized
so as to form anode and cathode power supply paths,
respectively, for the light radiation sources (of the LED
type, for example, which is the reason for the reference
to the presence of an anode and a cathode), running from
two power supply input pads indicated by 16b. The power
supply input pads 16b can receive electrical power from
a power supply cable 20 which is shown in Figures 1, 6
and 7 only, for reasons of simplicity.
[0034] In various embodiments, as shown by way of
example in Figure 3, a plate-like substrate 140 can be
used for the sources 14, this substrate being made of
ceramic material for example, and having, for example,
dimensions of 20330 mm, carrying, for example, eight
LEDs L forming a rectangular array or "cluster" with di-
mensions of about 10320 mm, connected in series with
each other.
[0035] Figure 9 shows an exemplary embodiment in
which a substrate 140 having the same dimensions of
20330 mm can carry a rectangular cluster with dimen-
sions of 10320 mm formed by eight LEDs organized in
four "strings", each including two LEDs L. In embodi-
ments such as those shown by way of example in Figure
3, with all the LEDs connected in series, two pads 14a,
for the anode and cathode connection respectively, may
be present. In embodiments such as those shown by way
of example in Figure 9, each string may have respective
connection pads 14a, again used for the anode and cath-
ode connection respectively.
[0036] In various embodiments, a ceramic material
may be used for the substrate 140 of the light radiation
sources 14. A plate-like substrate of this type, for example
one having dimensions such as those described above,
is small enough to provide the typical advantages of ce-
ramic materials, at lower cost, while also being capable
of resisting mechanical stresses such as vibration.
[0037] In various embodiments, the substrate 140 can
be made by a method similar to that used for printed
circuit boards (PCBs), for example those with metal
cores.
[0038] A similar method may be chosen for the circuit
board 16; in this case, it is possible to use a PCB struc-
ture, using materials such as those known as CEM or
FR4, or a flexible module structure of the type commonly
known as "flex", which can be applied adhesively to the
base wall 12a of the housing 12 or applied in other ways.
[0039] In embodiments such as those shown by way
of example in Figures 2, 6 and 7, the circuit board 16
takes the form of an elongate element (in practice, a strip)
extending along the array of light radiation sources 14
so as to place the pads 16a in positions facing the pads
14a.
[0040] In embodiments such as those shown by way
of example in Figures 8 and 10, the board 16 may be
provided with cut-out parts (U-shaped, for example)
1600, in which the light radiation sources 14 are located
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when these light sources 14 and the circuit board 16 have
been applied to the base wall 12a of the housing 12, as
will be clearer from the view of Figure 10.
[0041] As regards the optical element 18, embodi-
ments such as those shown in the figures (see for exam-
ple Figure 7) may provide for the reflector, or each of the
reflectors, to have a generally V-shaped configuration (or
an inverted saddle shape) such that the input aperture
for the radiation 18a is located next to a corresponding
light radiation source 14 (in practice, at the base of the
V-shape) and the output apertures 18b are located at the
opposite ends of the two branches of the V-shape in a
condition of substantial coplanarity with the plane of the
opening of the housing 12.
[0042] As mentioned in the introductory part of the
present description, the optical element, or each of the
optical elements shown here by way of example as the
reflector 18 can provide a plurality of functions.
[0043] For example, in the assembled condition of Fig-
ure 7, the element or each of the elements 18 can provide
a mechanical assembly function by pressing the light ra-
diation source or sources 14 together with the circuit
board 16 against the base wall 12a of the housing 12 so
as to provide efficient heat exchange.
[0044] As will be clear from the views of Figures 5 and
11, in various embodiments the base wall 180 of the el-
ement or each of the elements 18 may carry electrical
contacts 1800, in the form of metal pads for example,
each of which, when the respective element 18 is mount-
ed in the housing 12 of the device (see Figure 7), forms
a connecting bridge between two connection pads 14a,
16a of the light radiation source or of one of the light
radiation sources 14 and of the circuit board 16 respec-
tively.
[0045] In embodiments such as those shown by way
of example in Figure 11, the contacts 1800 may be con-
nected to further electrical contacts 1800a capable of pro-
viding a function of electrical connection, if required, to
an external power supply cable (20 in Figures 1, 6 and
7) or providing possibilities of connection between differ-
ent reflectors.
[0046] In addition to these mechanical and electrical
functions, the element or each of the elements 18 may
also provide its own optical function by guiding the light
radiation generated by the source 14 associated with the
element toward the outside of the device 10 (by reflection
and/or refraction).
[0047] In various embodiments, the element 18 may
be made in the form of a reflector with a body (a hollow
body, for example) made of molded plastic material.
[0048] In various embodiments, the component 18
may be made with a body having:

- a base part 18’, provided with the aperture 18a hav-
ing a fixed size and shape, and

- an upper part, provided with the output apertures
18b, the sizes and shapes (and orientation) of which
vary according to the lighting requirements to be met.

[0049] In this respect it is possible to adopt the solution
described in the industrial patent application
TO2012A000836 submitted by the present applicants.
[0050] In various embodiments, the body of the ele-
ment 18 may be made of a material and/or treated with
a material having a high level of reflectivity to light radi-
ation (for example, the inner surface of the reflector may
be aluminum-coated). The embodiments described here
by way of example may be varied in respect of numerous
aspects, such as those shown below (the list given here
is provided by way of non-limiting example) :

- the number of light radiation sources 14 and/or the
number of light radiation emitters L (of the LED type
for example) present within these sources,

- the type of radiation sources/emitters used, for ex-
ample LEDs of the packaged or unpackaged type,

- the sizes and shapes of the substrates 140 of the
light radiation source or sources,

- the sizes, shapes, composition and organization (se-
ries, parallel, or combined series and parallel con-
nection) of the clusters of emitters included in the
light radiation source or sources 14,

- the number of optical elements 18,
- the solutions used to secure the element or elements

18 to the housing 12,
- the choice of the component materials, and/or
- the modes of thermal coupling between the sub-

strates 140 of the light radiation sources 14 and the
circuit board 16, on the one hand, and the base wall
12a of the housing 12, on the other hand; in various
embodiments, the characteristics of this coupling
may if necessary be improved by using interface ma-
terials based on phase change materials, graphite,
thermal adhesives, or the like.

[0051] Various embodiments may enable one or more
of the following advantages to be obtained:

- minimization of the dimensions of the light radiation
sources, for example as regards the dimensions of
the substrate on which the LED emitters are mount-
ed,

- enhancement of the range of choices regarding the
materials, including any necessary choices that are
mutually optimized in terms of cost, performance,
and process complexity, for example the possibility
of combining an aluminum housing with ceramic sub-
strates 140 so as to optimize the performance in
terms of thermal resistance while also providing in-
trinsic robustness to electrostatic phenomena
(ESD),

- improved reliability of the soldered joints (replaced
by the conductive bridges 1800), especially as re-
gards vibration resistance,

- reduction of the number of components,
- enhancement of the range of choices including those

regarding the flexibility of use, with respect to the
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choice of the characteristics, dimensions and as-
sembly conditions of the reflector or reflectors.

[0052] In various embodiments, it is possible to use
optical elements (such as reflectors) 18 of aluminum-
coated plastic material with a three-dimensional (3D)
electrical configuration created directly on the reflector
by the method known as MID (molded interconnect de-
vices) which can be implemented by laser, chemical or
plasma structuring techniques. A layout of the MID type
can enable strip contacts to be connected to the connec-
tors used to connect the reflector to the power supply
cable 20 or to other reflectors. In various embodiments
it is possible to use connectors and contacts embedded
in the base part 180 of the reflector 18.
[0053] Consequently, provided that the principle of the
invention remains the same, the details and forms of em-
bodiment may be varied to a more or less significant ex-
tent with respect to those which have been illustrated
purely by way of non-limiting example, without thereby
departing from the scope of protection, this scope of pro-
tection being defined in the attached claims.

Claims

1. A lighting device (10) including:

- a tray-like housing (12) having a base wall
(12a),
- at least one electrically powered light radiation
source (14) placed on the base wall (12a) of the
housing (12) with electrical contact pads (14a)
in an opposite position from the base wall (12a)
of the housing (12),
- a circuit board (16) arranged on the base wall
(12a) of the housing (12), the circuit board (16)
having a face opposite from the base wall (12a)
of the housing (12) and having electrically con-
ductive lines (160) extending thereon, the elec-
trically conductive lines (160) having respective
electrical contact pads (16a) in positions facing
the electrical contact pads (14a) of the at least
one light radiation source (14), and
- at least one optical element (18) having a light
input (18a) to collect light radiation at said at
least one light radiation source (14) and at least
one light output (18b) to project light radiation
from the lighting device (10); the optical element
(18) having an electrically non-conductive base
wall (180) resting on the at least one light radi-
ation source (14) and the circuit board (16) to
urge the at least one light radiation source (14)
and the circuit board (16) toward the base wall
(12a) of the housing (12); the base wall (180) of
the optical element (18) carrying electrical con-
tacts (1800) to bridge the contact pads (14a,
16a) of the at least one light radiation source

(14) and the circuit board (16).

2. The lighting device as claimed in claim 1, wherein
the tray-like housing (12) includes metal material,
preferably aluminum.

3. The lighting device as claimed in claim 1 or 2, where-
in the optical element (18) includes a body of plastic
material.

4. The lighting device as claimed in any of the preceding
claims, wherein the circuit board (16) is in the form
of a printed circuit board.

5. The lighting device as claimed in any of the preceding
claims, wherein the circuit board (16) includes anode
and cathode power supply lines (160).

6. The lighting device as claimed in any of the preceding
claims, wherein said light radiation source (14) has
a plate-like substrate (140), preferably ceramic or
with a metal core, having at least one light radiation
emitter, preferably an LED (L), mounted thereon.

7. The lighting device as claimed in any of the preceding
claims, wherein the circuit board (16) is an elongate
linear member.

8. The lighting device as claimed in any of the preceding
claims, wherein the circuit board (16) has at least
one cut-out (1600) with said at least one light radia-
tion source extending in said cut-out (1600).

9. The lighting device as claimed in any of the preceding
claims, wherein the at least one optical element (18)
includes a reflector having a light input aperture (18a)
to collect light radiation at said at least one light ra-
diation source (14) and at least one light output ap-
erture (18b) to project light radiation from the lighting
device (10).
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