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(54) A LIGHTING DEVICE AND CORRESPONDING METHOD

(57) A lighting device (10) includes:
- at least one elongate lighting module (12) having at
least one support surface (122) with an array of electri-
cally-powered light radiation sources (124), e.g. LED
sources, thereon, and
- an elongate cover member including light-diffusive ma-
terial.

The cover member includes at least one
roof-tile-shaped portion (14) having a convex outer sur-
face (142) and a cavity (146) opposite outer surface
(142). The elongate lighting module (12) is arranged with-
in cavity (146), so that light radiation from light radiation
sources (124) propagates through the light-diffusive ma-
terial of cover member (14).
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Description

Technical Field

[0001] The present description relates to lighting de-
vices.
[0002] One or more embodiments may be refer to light-
ing devices employing electrically-powered light radia-
tion sources, e.g. solid-state lighting sources such as
LED sources.

Technological Background

[0003] In the sector of lighting technology the interest
is increasing felt for lighting devices (modules) employing
solid-state light radiation sources, such as linear LED
sources.
[0004] In such devices, it is desirable to have a light
radiation emission pattern extending over wide angles,
if possible all around the module.
[0005] Flexible linear modules, e.g. LED modules, are
available both as unprotected modules and as modules
protected against the penetration of external agents, e.g.
having an IP protection degree.
[0006] Unprotected modules may be used e.g. in in-
door applications, while protected modules are adapted
to be used both indoors and outdoors.
[0007] In order to implement a protected module, dif-
ferent solutions may be resorted to, e.g. applying potting
masses, extrusion, coextrusion and the like.
[0008] For example, in a protected module, the light
radiation emission dots located at the light radiation
sources may be made visible or not visible, even though
the light radiation emitting area is only a part of the surface
or external shape of the module.
[0009] In order to achieve a uniform and diffuse emis-
sion in all direction it is possible to use diffusive covers,
e.g. tubular sheaths adapted to be fitted onto the lighting
device. In this way it is possible to achieve emission pat-
terns over angles higher than 120°.
[0010] This, however, may entail a reduction of the lu-
minous flux emitted by the module, in some cases without
achieving a wholly satisfactory uniformity.
[0011] For example, document US 6 860 007 B1 de-
scribes the use of a tubular element in order to create a
structure grossly resembling a rope with a LED structure.
The tubular element is not sealed on the module and is
not diffusive.
[0012] Document US 7 210 818 B2 describes a module
which may be bent in a plurality of directions, having a
plastic tubular element around it, which however does
not tackle with the problem of light radiation distribution
and of the diffusive effect.
[0013] Essentially, both previously quoted documents
may be seen as relating to spot lighting.

Object and Summary

[0014] One or more embodiments aim at overcoming
the drawbacks of the previously described solutions, e.g.
as regards the possibility of implementing modules, e.g.
LED modules, having an IP protection degree and emis-
sion angles adapted to achieve values from 270° to 360°.
[0015] According to one or more embodiments, said
object may be achieved thanks to a lighting device having
the features set forth in the claims that follow.
[0016] One or more embodiments may also concern a
corresponding method.
[0017] The claims are an integral part of the technical
teaching provided herein with reference to the embodi-
ments.
[0018] One or more embodiments are applicable both
to protected (e.g. LED) modules having a diffuse emis-
sion, wherein the single light radiation sources are not
clearly distinguishable from the outside, and to protected
modules wherein the single light radiation sources are
distinguishable, the possibility being given to achieve
higher power efficiency than is the case with modules
having diffuse emission.
[0019] One or more embodiments may achieve one or
more of the following advantages:

- (complete) emitting areas having values which may
reach 270°-360°, i.e. offering the possibility of re-
placing traditional light radiation sources while keep-
ing the flexibility of the module,

- a wide range (portfolio) of modules which may be
achieved by using the same basic materials,

- possibility of changing the external shape and/or the
optical properties of the device by acting only on an
external profile (e.g. a silicone profile), without the
need to change production processes,

- a plurality of profiled elements (e.g. two profiled el-
ements of a material such as silicone) may be com-
bined e.g. while keeping fixation during the produc-
tion process,

- a high efficiency is obtained due the properties of
the materials (e.g. extruded silicone) which may be
used to produce the device,

- high lighting uniformity, achievable thanks to diffu-
sive particles (e.g. of TiO2 o AL2O3) in the profiled
element,

- possibility of using a high flux LED module as a lu-
minaire.

Brief Description of the Figures

[0020] One or more embodiments will now be de-
scribed, by way of non-limiting example only, with refer-
ence to the annexed Figures, wherein:

- Figure 1 is a perspective view of a component which
may be used in one or more embodiments,

- Figure 2 is a cross-sectional view of a lighting device
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employing a component as exemplified in Figure 1,
- Figure 3 is a cross-sectional view of a lighting device

employing a plurality of components as exemplified
in Figure 1,

- Figure 4 is a perspective view of one or more em-
bodiments,

- Figure 5 is a section along line V-V of Figure 4,
- Figure 6 is a perspective view of embodiments,
- Figure 7 is a section view along line VII-VII of Figure

6, and
- Figure 8 is a perspective view of one or more em-

bodiments.

[0021] It will be appreciated that, for simplicity and clar-
ity of illustration, the various Figures may not be drawn
to the same scale.

Detailed Description

[0022] In the following description, various specific de-
tails are given to provide a thorough understanding of
various exemplary embodiments of the present specifi-
cation. One or more embodiments may be practiced with-
out one or several specific details, or with other methods,
components, materials, etc. In other instances, well-
known structures, materials, or operations are not shown
or described in detail in order to avoid obscuring various
aspects of the embodiments. Reference throughout this
specification to "one embodiment" or "an embodiment"
means that a particular feature, structure, or character-
istic described in connection with the embodiment is in-
cluded in at least one embodiment. Thus, the possible
appearances of the phrases "in one embodiment" or "in
an embodiment" in various places throughout this spec-
ification are not necessarily all referring to the same em-
bodiment. Furthermore, particular features, structures,
or characteristics may be combined in any suitable man-
ner in one or more embodiments.
[0023] The headings provided herein are for conven-
ience only, and therefore do not interpret the extent of
protection or scope of the embodiments.
[0024] In the Figures, reference 10 denotes an elon-
gate (optionally ribbon-like and/or flexible) lighting de-
vice, adapted to employ electrically-powered light radia-
tion sources, e.g. solid-state light radiation sources such
as LED sources.
[0025] Such a device may include, in one or more em-
bodiments, a light emitting module 12 adapted to include
e.g. a channel-shaped casing 120 containing a support
122 substantially similar to a Printed Circuit Board (PCB),
optionally a Flexible Printed Circuit (FPC), whereon there
are distributed electrically-powered light radiation sourc-
es 124, e.g. LED sources.
[0026] In one or more embodiments, support 122 may
also host electrical/electronic components 126, having
the functions of supplying, driving, controlling etc. the
light radiation sources 124.
[0027] Such lighting modules are known in the art,

which makes it unnecessary to provide a more detailed
description herein.
[0028] One or more embodiments as exemplified in
the Figures 3 and following may envisage the presence
of a casing 120 having an H-shaped cross section, which
is adapted to be obtained by juxtaposing back-to-back
(and optionally to form in one-piece) two channel-shaped
casings 120 as shown in Figure 2.
[0029] In one or more embodiments, the use of a sec-
tion profile as exemplified in Figures 3 and following leads
to having two opposite surfaces for locating two supports
(PCB/FPC) 122, both adapted to be "peopled" with light
radiation sources 124, with optional associated circuits
126.
[0030] In one or more embodiments as exemplified in
Figure 2, the light radiation emitted by sources 124 will
be directed towards a half-space corresponding to the
lying plane of support 122, i.e. by the plane of extension
of the bottom wall of casing 120.
[0031] In one or more embodiments as exemplified in
Figures 3 and following, the radiation emitted by sources
124, arranged on both opposite faces of the central or
core wall of casing 120, will be directed towards both
opposite half-spaces lying on both sides of said core wall,
i.e., at least approximately, towards all the space sur-
rounding device 10.
[0032] In this respect it will be remarked, moreover,
that as far as the present case is concerned the lighting
module 12, and therefore device 10 as exemplified in the
Figures, may be considered in themselves as having an
indefinite length, and are adapted to be cut to length ac-
cording to the application and usage needs.
[0033] In one or more embodiments, the light radiation
emitting module 12 may be coupled to (at least) one cover
member 14 (shown in Figure 1) which is adapted to have
a general roof-tile-like shape, having e.g.:

- a generally convex external or front surface 142, e.g.
extending, at least approximately, on a cylindrical
surface which constitutes the outer surface of cover
member 14, and

- a substantially planar back surface 144 (e.g. transi-
tioning to rounded ends 142a of front or outer surface
142), provided with a cavity 146 adapted to act as a
receiving cavity for module 12.

[0034] In one or more embodiments, cover member 14
(i.e. cavity 146) and casing 120 of module 12 may have
complementary engaging formations (such as ribs 148
protruding from cover member 14, adapted to engage
grooves 128 provided on the inner surface of the side
walls of casing 120) so as to strengthen the mounting
condition of module 12 within cover member 14.
[0035] In one or more embodiments, on one or both
sides the location of such complementary engaging for-
mations may be inverted with respect to what exemplified
herein, i.e. with ribs on module 12 and grooves in cover
member 14.
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[0036] In one or more embodiments, module 12 may
be placed within cover member 14:

- either by means of a lengthwise relative sliding mo-
tion, e.g. by inserting module 12 into cover member
14 by sliding it along cavity 146,

- or by means of a snap fit mechanism, e.g. by taking
advantage of the compliance (e.g. elastic property)
of cover member 14, adapted to include a plastic
element having elastic properties.

[0037] In one or more embodiments, cavity 146 (and
therefore module 12 placed therein) may be contained
nearly completely within the section profile of cover mem-
ber 14, the bottom wall of casing 120 being practically
flush with the back surface 144 of cover member 14.
[0038] To state it differently, in one or more embodi-
ments (see for example Figure 2), the envelope of the
cross section of module 12 is nearly completely con-
tained in the envelope of the cross section of cover mem-
ber 14.
[0039] In other words (for immediate reference see Fig-
ure 2), the front surface 142 of cover member 14 may be
seen as having an arch-shaped cross-section profile
which extends between both ends 142a, with the bottom
wall of casing 120 of module 12 lying in a so-to-say
"chordal" plane with respect to the extension path of the
outer surface 142 of cover member 14.
[0040] In one or more embodiments, cover member 14
may include a light-permeable material, adapted to be
defined as a translucent/semi-transparent or diffusive
material.
[0041] In one or more embodiments, it may be a trans-
parent (e.g. silicone) material embedding light diffusive
particles (e.g. TiO2 o AL2O3) dispersed therein.
[0042] In one or more embodiments, cover member 14
is adapted to perform both the function of closing module
12, i.e. of protecting it against the penetration of external
agents, and the function of diffusing the light radiation
emitted by light radiation sources 124.
[0043] It will be appreciated (see e.g. Figure 2) that the
previously described geometry of the elements causes
the light radiation sources 124 (and particularly the Light
Emitting Surfaces (LESs) thereof) to be located in an at
least approximately central position with respect to the
arched (e.g. approximately semi-circular) path of the sec-
tion profile of external surface 142 of cover member 14.
[0044] As regards the protective action against exter-
nal agents (e.g. an IP protection degree), in one or more
embodiments it is possible to use either a bare, i.e. un-
protected, module 12, or a module 12 which is protected
in itself, e.g. because the inner cavity of casing 120, which
hosts sources 124 and optionally circuits 126, contains
a filling of sealing material 120a (e.g. polyurethane, sili-
cone material, polycarbonate, etc.).
[0045] In one or more embodiments a satisfactory
tradeoff may be achieved between the intensity of the
emitted luminous flux and the uniformity of the light radi-

ation emission, e.g. by controlling the amount of diffusive
particles in the material of cover member 14 (and option-
ally in the sealing material 120a).
[0046] The increase of the amount of such diffusive
particles may determine a higher uniformity, with a re-
duction of the luminous flux. In a complementary way,
the reduction of the amount of such diffusive particles
may bring about a higher luminous flux having lower uni-
formity.
[0047] One or more embodiments as exemplified in
Figure 2 (employing only one module 12 having light ra-
diation sources 124 arranged on one of the faces thereof
and only one roof-tile-shaped cover member 14) lead to
achieving a light radiation emission surface over about
270° (i.e. at least approximately over a dihedral angle of
270°, the edge whereof is aligned with device 10).
[0048] A solution as exemplified in Figure 3, which may
be seen as obtained by coupling two devices as exem-
plified in Figure 2 back-to-back, with the back surfaces
144 of two portions 14 of cover member and the bottom
walls of casings 120 of both modules 12 adjoining each
other, may originate an emission surface over 360°, i.e.
so as to practically cover all the space surrounding device
10.
[0049] For the connection of both complementary ele-
ments exemplified in Figure 3 it is possible to resort e.g.
to glueing.
[0050] Figures 4 and 5 exemplify the possibility, in one
or more embodiments, to "fuse" both modules 12 shown
in Figure 3 together, thereby originating one single mod-
ule 12 having a casing with an H-shaped cross-section
profile.
[0051] One or more embodiments as exemplified in
Figures 4 and 5 may offer the advantage of a higher com-
pactness of the group, while preserving the separation
between two portions of roof-tile-shaped cover member
14, adapted to be coupled e.g. by glueing, optionally (al-
so) taking advantage of the fact that each such cover
member 14 is coupled (e.g. via complementary forma-
tions such as ribs 148 and grooves 128) to two branches
or portions of the single module 12.
[0052] Figures 6 and 7 exemplify the possibility, in one
or more embodiments, of further integrating the compo-
nents of device 10 so that both portions 14 are completely
fused with each other in a single cover body having a
tubular structure, with the back surfaces 14 therefore be-
coming "virtual" surfaces, because the portions 14 of cov-
er members 14 are fused with each other to be one piece,
while cavities 146 are in turn fused with each other, so
as to form a central (axial) cavity of the tubular structure,
deriving from the fusion of both portions of cover member
14 of the previous Figures.
[0053] In this case, the "twofold" module 12 (having an
H cross-section profile) may be inserted into said tubular
structure e.g. by sliding it with a relative sliding motion in
the central cavity defined by the cavities 146 fused with
each other.
[0054] The perspective view of Figure 8 exemplifies
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one or more embodiments wherein module 12 may be
implemented in a simplified form as a laminar support
122 (e.g. of silicone material) lodging on both faces light
radiation sources 124 and optionally circuits 126 associ-
ated thereto.
[0055] Cross-section views such as the views in Fig-
ures 5 and 7 highlight the possibility, in one or more em-
bodiments, of acting onto the shape of the wall of cavity
146 facing towards front surface 142 of cover member
14, passing from a substantially planar shape, as exem-
plified in Figure 3, to an at least slightly convex shape
(e.g. with convexity facing towards front surface 142),
thus bringing about an optional shaping effect on the light
radiation pattern emitted from device 10.
[0056] It will be appreciated, moreover, that:

- in one or more embodiments, elements or features
exemplified herein in any one of the annexed Figures
may also be applied, alone or in mutual combination,
to embodiments as exemplified in other Figures,

- in one or more embodiments, the solution exempli-
fied in Figures 3 and following with reference to the
possible presence, in the cover member, of two roof-
tile-shaped portions 14 and/or of two modules 12, is
adapted to be extended to the possible presence of
a higher number of such elements (e.g., instead of
two portions 14 each having an angular extension
of 180°, in one or more embodiments there may be
present e.g. three portions 14 with a respective an-
gular extension of 120°, each having a respective
module 12 inserted therein).

[0057] One or more embodiments may therefore en-
visage a lighting device (e.g. 10) including:

- at least one elongate lighting module (e.g. 12) having
at least one support surface (e.g. 122) with an array
of electrically-powered light radiation sources (e.g.
124) thereon, and

- an elongate cover member including light-diffusive
material, the cover member including at least one
roof-tile-shaped portion (e.g. 14) having a convex
outer surface (e.g. 142) and a cavity (e.g. 146) op-
posite said outer surface, said elongate lighting mod-
ule arranged within said cavity, wherein light radia-
tion from said light radiation sources propagates
through the light-diffusive material of said cover
member.

[0058] In one or more embodiments, said light radiation
sources may be located centrally (see e.g. Figure 2) of
the convex outer surface of said at least one roof-tile-
shaped portion.
[0059] In one or more embodiments, said at least one
lighting module may include a sealed (e.g. with sealing
mass 120a) casing for said light radiation sources.
[0060] One or more embodiments may include com-
plementary coupling formations (e.g. 128, 148) between

said at least one lighting module and said cover member.
[0061] In one or more embodiments, said cover mem-
ber may include a plurality of (e.g. two) said roof-tile-
shaped portions, each said roof-tile-shaped portion in-
cluding a convex outer surface and a cavity opposite said
outer surface, with an elongate lighting module arranged
within said cavity.
[0062] In one or more embodiments, said roof-tile-
shaped portions of said plurality of roof-tile-shaped por-
tions may be one-piece which each other, so that said
elongate cover member includes a tubular member hav-
ing said at least one lighting module extending lengthwise
therein (see e.g. Figures 6 and 7).
[0063] One or more embodiments may include a light-
ing module (e.g. with H-shaped cross section: see e.g.
[0064] Figures 4 and following) having opposed sup-
port surfaces, each support surface with an array of elec-
trically-powered light radiation sources thereon.
[0065] In one or more embodiments, said cover mem-
ber and/or said at least one lighting module may include
flexible material.
[0066] In one or more embodiments, said light-diffu-
sive material may include light-permeable material hav-
ing light-diffusive particles dispersed therein.
[0067] In one or more embodiments, said electrically-
powered light radiation sources may include LED sourc-
es.
[0068] In one or more embodiments, a method of pro-
ducing a lighting device (10) may include:

- providing at least one elongate lighting module hav-
ing at least one support surface with an array of elec-
trically-powered light radiation sources thereon, and

- coupling with said at least one lighting module an
elongate cover member including light-diffusive ma-
terial, the cover member including at least one roof-
tile-shaped portion having a convex outer surface
and a cavity opposite said outer surface, said elon-
gate lighting module arranged within said cavity,
wherein light radiation from said light radiation sourc-
es propagates through the light-diffusive material of
said cover member.

[0069] Without prejudice to the basic principles, the im-
plementation details and the embodiments may vary,
even appreciably, with respect to what has been de-
scribed herein by way of non-limiting example only, with-
out departing from the extent of protection.
[0070] The extent of protection is defined by the an-
nexed claims.

Claims

1. A lighting device (10), including:

- at least one elongate lighting module (12) hav-
ing at least one support surface (122) with an
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array of electrically-powered light radiation
sources (124) thereon, and
- an elongate cover member including light-dif-
fusive material, the cover member including at
least one roof-tile-shaped portion (14) having a
convex outer surface (142) and a cavity (146)
opposite said outer surface (142), said elongate
lighting module (12) arranged within said cavity
(146), wherein light radiation from said light ra-
diation sources (124) propagates through the
light-diffusive material of said cover member
(14).

2. The lighting device (10) of claim 1, wherein said light
radiation sources (124) are located centrally of the
convex outer surface (142) of the at least one roof-
tile-shaped portion (14).

3. The lighting device (10) of claim 1 or claim 2, wherein
said at least one lighting module (12) includes a
sealed (120a) casing (120) for said light radiation
sources (124).

4. The lighting device (10) of any of the previous claims,
including complementary coupling formations (128,
148) between said at least one lighting module (12)
and said cover member (14).

5. The lighting device (10) of any of the previous claims,
wherein said cover member includes a plurality of
said roof-tile-shaped portions (14), each said roof-
tile-shaped portion (14) in said plurality including a
convex outer surface (142) and a cavity (146) therein
opposed said outer surface (142) with an elongate
lighting module (12) arranged within said cavity
(146).

6. The lighting device (10) of claim 5, wherein said roof-
tile-shaped portions (14) of said plurality of roof-tile-
shaped portions (14) are one-piece which each oth-
er, wherein said elongate cover member includes a
tubular member having said at least one lighting
module (12) extending lengthwise therein.

7. The lighting device (10) of claim 5 or claim 6, includ-
ing a lighting module (12) having opposed support
surfaces (122) each support surface with an array
of electrically-powered light radiation sources (124)
thereon.

8. The lighting device (10) of any of the previous claims,
wherein said cover member (14) and/or said at least
one lighting module (12) include flexible material.

9. The lighting device (10) of any of the previous claims,
wherein said light-diffusive material includes light-
permeable material having light-diffusive particles
dispersed therein.

10. The lighting device (10) of any of the previous claims,
wherein said electrically-powered light radiation
sources include LED sources (124).

11. A method of producing a lighting device (10), the
method including:

- providing at least one elongate lighting module
(12) having at least one support surface (122)
with an array of electrically-powered light radia-
tion sources (124) thereon, and
- coupling (128, 148) with said at least one light-
ing module (12) an elongate cover member in-
cluding light-diffusive material, the cover mem-
ber including at least one roof-tile-shaped por-
tion (14) having a convex outer surface (142)
and a cavity (146) opposite said outer surface
(142), said elongate lighting module (12) ar-
ranged within said cavity (146), wherein light ra-
diation from said light radiation sources (124)
propagates through the light-diffusive material
of said cover member (14).
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