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(57) Abstract: An illumination device (1) is disclosed, comprising a light guide unit (2) comprising embedded light scattering
and/or reflecting particles (5) and at least one light in- coupling surface (3) adapted to couple light into the light guide unit (2), and
at least one light emitting element (6) arranged such that at least some light emitted from it is coupled into the light guide unit (2) via
said light in-coupling surface (3). The light guide unit (2) comprises heat transferring means adapted to transfer heat generated by
operation of the at least one light emitting element (6) away from the at least one light emitting element (6) wherein the heat transfer -
ring means is arranged such that at least a portion of the body of the light guide unit (2) has an absolute thermal resistance equal to
or less than 20 K/W.
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Illumination device based on thermally conductive sheet with light diffusing particles

FIELD OF THE INVENTION
The present invention relates to an illumination device comprising a light
guide unit with embedded light scattering and/or reflecting particles and at least one light

emitting element.

BACKGROUND OF THE INVENTION

[llumination devices comprising a light source coupled with a light guide sheet
or plate, which is able to propagate light internally, redirect and out-couple the light from its
surface, provide for illuminating surfaces such as shelves, interior panels, signs and posters.

One light guide for use in such an illumination device is the ACRYLITE®
EndLighten sheet from Evonik Industries. It comprises a sheet of a light conducting acrylic
material in which light diffusing particles are embedded. The acrylic sheet accepts light from
a light source through its end surfaces, from which the light propagates within the sheet by
means of internal reflection. The light diffusing particles embedded in the sheet redirect the
travelling light such that at least some of it may exit the surface of the sheet, thereby giving
the sheet its illuminating properties.

When making an illumination device based on an acrylic sheet with embedded
light diffusing particles, such as the EndLighten material, a high power light source may be
needed, which requires cooling. For example, in the case of a LED (light emitting diode)
light source, cooling can be done by conducting away the heat from the LEDs with a
relatively large metal heat-sink. However, for a minimalistic design, use of a relatively large

metal heat-sink may be undesired.

SUMMARY OF THE INVENTION

In view of the above discussion, a concern of the present invention is to
provide an illumination device where heat originating from at least one light emitting element
may be dissipated while keeping the overall size of the illumination device relatively small,
or with a relatively small impact or even no impact on a minimalistic design of the

illumination device.
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To address at least one of this concern and other concerns, an illumination
device in accordance with the independent claim is provided. Preferred embodiments are
defined by the dependent claims.

According to an aspect of the invention, there is provided an illumination
device comprising:

- a light guide unit comprising embedded light scattering and/or reflecting
particles and at least one light in-coupling surface adapted to couple light into the light guide
unit; and
- at least one light emitting element arranged such that at least some light
emitted from it is coupled into the light guide unit via said light in-coupling surface;
wherein the light guide unit comprises heat transferring means adapted to
transfer heat generated by operation of the at least one light emitting element away from the
at least one light emitting element wherein the heat transferring means is arranged such that
at least a portion of the body of the light guide unit has an absolute thermal resistance equal
to or less than 20 K/W.

The term “absolute thermal resistance”, as referred herein, denotes the
temperature difference across a structure when a unit of heat energy flows through it in unit
time. Thermal resistance as referred to herein is the reciprocal of thermal conductivity.

In an embodiment, the heat transferring means is arranged such that the at
least a portion of the body of the light guide unit has an absolute thermal resistance equal to
or less than 17 K/W. In another example, the heat transferring means is arranged such that the
at least a portion of the body of the light guide unit has an absolute thermal resistance equal
to or less than 15 K/W. The absolute thermal resistance may depend on the geometry of the
light guide unit and/or the material or materials of the light guide unit. In one example, the
portion of the body of the light guide unit is equal to or exceeds 50 % of the body. In another
example, the portion of the body of the light guide unit is equal to or exceeds 75 % of the
body. In yet another example, the portion of the body of the light guide unit is equal to or
exceeds 90 % of the body.

The illumination device according to the present invention comprises a light
guide unit with embedded light scattering and/or reflecting particles and at least one light
emitting element. The light guide unit comprises a light guide, such as a wave guide, and heat
transferring means.

In one example, the light guide unit is preferably transparent. The term

“transparency”, as referred to herein, is the physical property of allowing light to pass
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through the material without being scattered. In another example, at least the light guide is
transparent.

For example, the material of the light guide, in which material light scattering
and/or reflecting particles are embedded, is preferably transparent. In an embodiment, the
light guide unit comprises a material selected from poly(methylmethacrylate) (PMMA),
polycarbonate, glass and/or silicon rubber. PMMA is sometimes called acrylic glass. A light
guide unit may comprise more than one of these materials. For example, the light guide may
comprise PMMA, polycarbonate, glass and/or silicon rubber.

The light guide unit may have various forms, such as a plate, a rod or a fiber.
The shapes of the light guide unit may be substantially regular or irregular. At least a portion
of the outer surface of the light guide unit may be smooth. In another example, at least a
portion of the outer surface of the light guide unit is rough, i.e. not smooth. The light guide
unit may have a rectangular, triangular or circular shape.

The light guide unit comprises light scattering and/or reflecting particles
embedded into the material. In one example, the light scattering and/or reflecting particles are
embedded into the material of the light guide. Typically, the light scattering and/or reflecting
particles may have a size in the range of 0.7 micrometer to 100 micrometer, such as in the
range of 1 micrometer to 10 micrometer. Preferably, the light scattering and/or reflecting
particles are transparent and/or colorless. The light scattering and/or reflecting particles may
be selected from the group consisting of polystyrene particles, polycarbonate particles,
polypropylene particles, poly(methylmethacrylate) particles, glass beads, silicon dioxide
particles, quartz particles, and any combination therecof. The material of the light scattering
and/or reflecting particles may be the same or different as the material of the light guide unit.

The at least one light emitting element generates heat and emits light during
use. The light guide unit accepts light from at least one light emitting element through at least
one light in-coupling surface, from which the light propagates within the light guide unit by
means of total internal reflection. The at least one light-in coupling surface is preferably
smooth for enhanced light entry and low light out-coupling due to roughness on the surface.
The light scattering and/or reflecting particles embedded in the light guide unit redirect the
light propagating within the light guide unit such that at least some of it may exit a surface,
e.g. light out-coupling surface, of the light guide unit, thereby giving the light guide unit at
least some of its illuminating properties. The number of particles can be determined in

correlation to how much light should be redirected from at least one light out-coupling
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surface of the light guide unit. The number, size, type, and/or material of the particles may be
correlated to at least part of the illumination properties of the light guide unit.

When operating the at least one light emitting element, a portion of the current
that is applied to electrodes of the at least one light emitting element is converted into thermal
energy rather than into light. To maintain the at least one light emitting element at an
acceptable operating temperature and to achieve a sufficient or required usage lifetime and to
provide a substantially constant or constant luminous flux at certain wavelength, such an
illumination device may be equipped with a heat removal unit. The heat removal unit may for
example comprise a heat sink in communication with the light guide unit. With this approach
some of the heat generated by the light source, for example a LED, may be dissipated.
However, this approach may increase the size of the illumination device to an undesired
extent. It would be advantageous to reduce the size of the heat sink or even to completely
remove or hide the heat sink from an illumination device, while still retaining at least some or
the same heat dissipation capacity as when utilizing the heat sink.

One advantage with an illumination device comprising a light guide unit and
at least one light emitting element according to the present invention, wherein at least a
portion of the body of the light guide unit has an absolute thermal resistance equal to or less
than 20 K/W, is that heat originating from the at least one light emitting element may be
dissipated from the illumination device without requiring a relatively large additional heat
sink, because the light guide unit can function as a heat sink itself. When the light guide unit
acts as a heat sink, the heat sink is in a sense ‘hidden’.

The light guide unit may comprise a thermally conductive material. The
inventors have also found that the required absolute thermal resistance according to the
present disclosure can be achieved by coating or laminating a thermally conductive coating
or layer, which may be transparent or partially transparent, on at least a portion of the outer
surface of the light guide. The light guide unit and the at least one light emitting element may
be coupled with each other via a thermally conductive connector, which may comprise a
metal, such as aluminum.

The light guide unit according to the present invention comprises heat
transferring means. The heat transferring means may transfer away heat generated by the at
least one light emitting element during use. Heat transferring means of the light guide unit
may in one embodiment of the present invention be understood as at least a portion of the
light guide unit or light guide that comprises thermally conductive material. In an

embodiment, the light guide unit comprises a thermally conductive material, wherein at least
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a portion of the body of the light guide unit has a thermal conductivity equal to or exceeding
12.5 W/(m-K). The heat transferring means may comprise a thermally conductive material.
The term “thermal conductivity”, as referred herein, denotes the property of a material's
ability to conduct heat.

Heat transfer across or in materials of high thermal conductivity occurs at a
higher rate than across or in materials of low thermal conductivity. A material with low
thermal resistance has a high thermal conductivity and vice versa, and thus, the ability of a
material with a relatively low thermal resistance to transfer heat across the material is
relatively large. The thermal conductivity of a material or element depends on the geometry
of the material. The heat transferring means according to the present invention may be in the
form of a layer or coating of at least a portion of the outer surface of the light guide. In
another example, the heat transferring means comprises at least one thermally conductive
conncctor.

As described above, the heat transferring means may have different
appearances and/or configurations. However, the function of the heat transferring means is in
general the same. The heat transferring means transfers away heat which is generated by the
at least one light emitting element during use. One advantage of decreasing the temperature
of the illumination device is to prolong the lifetime of the at least one light emitting element.
When drawing the heat away, the heat is also spread over a larger area, due to which cooling
through convection or radiation increases.

In an embodiment, at least a portion of an outer surface of the light guide unit
comprises a layer, wherein the layer comprises a thermally conductive material. The layer
may be laminated onto the light guide unit. The term “lamination”, as referred to herein,
means a process where two or more layers of material are united or coupled together. In one
example, a light guide comprising an acrylic material is laminated with a layer of a thermally
conductive material.

In an embodiment, the thermally conductive material is selected from
diamond, diamond-like carbon (DLC), MgO and SizN4 or a combination thereof. In an
example, the thermally conductive material is MgO.

In another embodiment, at least a portion of an outer surface of the light guide
unit comprises a layer comprising a mesh of a plurality of wires comprising thermally
conductive material. The material of the wires may for example be selected from copper,
gold, silver, zinc, and/or stainless steel. The layer comprising a mesh wires can comprise at

least one wire of more than one material. Normally a metal such as copper does not transmit
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light, but a mesh acting as a (semi-)transparent thermal conductor can transmit light. The
width of the wires in the mesh can be 0.1 mm, or 0.02 mm, with a corresponding wire
spacing of 4 to 40 times the wire width or diameter. The mesh structure can be made with a
lithographic process, and therefore is preferably done on a separate layer that is subsequently
laminated to the light guide. Another way to manufacture the mesh structure is to use
silkscreen printing with a heat conductive ink.

In some examples, the illumination device comprises a light guide which is
laminated with more than one layer of a thermally conductive material. For example, these
layers may comprise different materials.

One or more sides of the light guide may be laminated with a layer of a
thermally conductive material. For example, one or more light in-coupling surfaces can be
laminated with a layer. In other examples, one or more light out-coupling surfaces can be
laminated with a thermally conductive layer. In yet another example, the thermally
conductive layer can be laminated inside an opening of one side of the light guide. The
thermally conductive layer may be smooth or rough, but is preferably smooth, unless the
roughness is needed for additional light out-coupling. The thermally conductive layer may
comprise air bubbles and/or pores, but preferably does not comprise these.

The thermal conductivity of the material depends on the thickness of the
thermally conductive layer. Preferably, the thermally conductive layer has a thickness that
helps to remove the heat generated by the at least one light emitting element away from the
light guide unit. The thickness may be defined based on its location on the light guide unit.
The thermally conductive layer may be thicker in a zone from which a relatively large
amount of heat needs to be transported away. The thickness of the thermally conductive layer
may be equal to or exceeding 100 pum, such as equal to or exceeding 250 micrometer, such as
equal to or exceeding 500 micrometer or such as equal to or exceeding 1000 micrometer.
Preferably, the thickness of the thermally conductive layer may be equal to or exceeding 1
mm. An advantage with lamination is that a relatively thick layer can be laminated onto the
light guide unit.

In an embodiment, at least a portion of the outer surface of the light guide unit
comprises a thermally conductive coating. In an embodiment, the thermally conductive
material is selected from diamond, diamond-like carbon (DLC), MgO and SizN4 or a
combination thereof. In an example, the thermally conductive material is MgO. In yet another

example, the thermally conductive material is diamond and/or diamond-like carbon (DLC).
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In one example, at least a part of the outer surface of a light guide unit
comprising a layer of a thermally conductive material is coated with a thermally conductive
coating. For example, the coating is at least partly covering said layer. In another example, a
light guide unit comprising a layer comprising a mesh of wires can be coated with a
thermally conductive coating. It might be easier to apply a coating comprising a thermally
conductive material onto a light guide unit when using a layer comprising a mesh or a
laminated layer comprising a thermally conductive material underneath.

One or more sides of the light guide may be provided with a coating of a
thermally conductive material. For example, one or more light in-coupling surfaces can be
coated. In other examples, one or more light out-coupling surfaces can be coated with a
thermally conductive layer. The surface of the light guide may be at least partially covered
with a thermally conductive coating. The coating may cover at least 25 % of the surface of
the light guide, such as at least 50 % of the surface of the light guide, such as at least 75 % of
the surface of the light guide or such as at least 99 % of the surface of the light guide. In
another example, the thermally conductive coating can be placed inside an opening of one
side of the light guide. The thermally conductive coating may be smooth or rough, but is
preferably smooth, unless the roughness is needed for additional light out-coupling. The
thermally conductive coating may comprise air bubbles and/or pores, but preferably does not
comprise these.

The thermal conductivity of the material depends on the thickness of the
thermally conductive coating. The thermally conductive coating may have a thickness that
helps to remove the heat generated by the at least one light emitting element away from the
light guide unit. The thickness may be defined based on its location on the light guide unit.
The thermally conductive coating may be thicker in a zone from which a relatively large
amount of heat needs to be transported away. In an embodiment, the thickness of the
thermally conductive coating is equal to or exceeding 25 micrometer. In other examples, the
thickness of the coating is equal to or exceeding 100 micrometer, preferably equal to or
exceeding 250 micrometer and most preferably equal to or exceeding 500 micrometer. In one
example, a thermally conductive coating with a thickness of equal to or exceeding 25
micrometer comprising diamond is used.

A light guide comprising a thermally conductive material might be relatively
expensive. One advantage with using a light guide comprising a transparent acrylic material
which is laminated with a thermally conductive material or coated with a thermally

conductive material may be a reduction of the cost of the illumination device. Usually, a



10

15

20

25

30

WO 2014/033585 PCT/IB2013/056678
8

(transparent) thermally conductive material is more expensive than a (transparent) acrylic
material.

Another advantage with a light guide laminated with a thermally conductive
material or being coated with a thermally conductive material instead of using a light guide
comprising a thermally conductive material is the feasibility to manufacture a light guide
with embedded light scattering and/or reflecting particles. It may be more difficult and/or
more expensive to manufacture a light guide comprising a thermally conductive material
where the light scattering and/or reflecting particles are embedded within the thermally
conductive material. However, the thermally conductive layer or thermally conductive
coating may comprise embedded light scattering and/or reflecting particles.

The illumination device according to the present invention may comprise heat
transferring means in the form of at least one thermally conductive connector. The at least
one thermally conductive connector may comprise a material of high thermal conductivity,
such as a metal. Examples of such a metal are copper and aluminum. The thermal conductive
connector should be in thermal communication with the structure from which it absorbs heat.
In some examples, the at least one thermally conductive connector is used to transport heat
generated by the at least one light emitting element away from the at least one light emitting
element. In other examples, the thermal conductive connector is used to transport away heat
from the light guide unit and the at least one light emitting element, for example towards an
additional heat sink. The size of the thermally conductive connector may correspond to the
size of the light guide. In another example, the size of the thermally conductive connector
may correspond to the size of the at least one light emitting element. In yet other examples,
the thermally conductive connector is rather small, smaller than the light guide and/or the at
least one light emitting element, due to good ability to transfer heat.

In an embodiment, the light guide unit and the at least one light emitting
clement are coupled with each other via a thermally conductive connector. In another
embodiment, the layer of at least a portion of the outer surface of the light guide and the at
least one light emitting element are coupled with each other via a thermally conductive
connector. In yet another example, the thermally conductive coating of at least a portion of
the outer surface of the light guide and the at least one light emitting element are coupled
with each other via a thermally conductive connector.

To achieve a thermal connection between the thermal conductive connector
and the light guide unit and the at least one light emitting element, respectively, an adhesive,

for example a thermally conductive adhesive, may be used. By using an adhesive, the transfer
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of heat from the light emitting element to the thermal conductive connector may be
increased.

In an embodiment, the at least one light emitting element comprises a light
emitting diode (LED). A LED is a semiconductor light source. When a light-emitting diode is
forward-biased (switched on), electrons are able to recombine with electron holes within the
device, releasing energy in the form of photons. This effect is called electroluminescence and
the color of the light (corresponding to the energy of the photon) is determined by the energy
gap of the semiconductor. LEDs are often small in area (less than 1 mm?®), and integrated
optical components may be used to shape the radiation pattern of a LED. LEDs present many
advantages over incandescent light sources including lower energy consumption, longer
lifetime, improved robustness, smaller size, and faster switching. The size of the LED or
LEDs may at least partly determine the size of the illumination device.

More than one light emitting element may be preferable to use, in order to
increase the amount of light that is coupled into the light guide unit. An increased amount of
in-coupled light may enable an increased brightness and possibly an increased uniformity in
the illumination from the light guide unit.

By using a light guide unit comprising a thermally conductive material and/or
heat transferring means according to the present invention, the lifetime of the at least one
light emitting element may be increased by providing heat transportation functionality and
thereby decreasing the temperature of the at least one light emitting element during use.

LEDs can be used in applications as diverse as aviation lighting, automotive
lighting, advertising, general lighting, and traffic signals.

In an embodiment, the LED light source is an RGB LED, or multicolor white
LED, light source. RGB LEDs may allow the color of the light output from or emitted by the
illumination device to vary.

An illumination device according to the present invention may be used for
illuminating shelves, interior panels, thin profile signs and poster panels, etc. In an
embodiment, a luminaire comprising an illumination device according to the present
invention may be used. A luminaire may be used for general lighting of a space, preferably a
home. A luminaire may be used for consumer lighting. When using an illumination device
according to the present invention as a luminaire, more power may be needed. The extra
power, for example in the form of extra light, may cause an increase of heat generated by the

at least one light emitting element. One advantage to use a luminaire comprising an
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illumination device according to the present invention is its ability to transfer away heat from
the luminaire.

It is noted that the present invention relates to all possible combinations of
features recited in the claims. Further features of, and advantages with, the present invention
will become apparent when studying the appended claims and the following description.
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

Exemplifying embodiments of the invention will be described below with
reference to the accompanying drawings, wherein:

Fig.1 schematically depicts an illumination device according to an
embodiment of the present invention.

Fig. 2 schematically depicts an illumination device according to an
embodiment of the present invention, comprising a light guide laminated with a thermally
conductive layer.

Figs. 3a and 3b schematically depict illumination devices according to
embodiments of the present invention, where a light guide is completely (Fig. 3a) or partially
(Fig. 3b) covered with a thermally conductive coating.

Figs. 4a to 4d schematically depict illumination devices according to
embodiments of the present invention, comprising a thermally conductive connector. In Fig.
4b the light guide is partially covered with a thermally conductive coating. In Fig. 4c, a
thermally conductive coating is placed inside an opening of a side of the light guide. In Fig.
4d, one light in-coupling surface of the light guide is covered with a thermally conductive
coating.

As illustrated in the figures, the sizes of layers and regions are exaggerated for
illustrative purposes and, thus, are provided to illustrate the general structures of
embodiments of the present invention. Like reference numerals refer to like elements

throughout.

DETAILED DESCRIPTION OF THE EMBODIMENTS
The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which exemplifying embodiments of the present

invention are shown. The present invention may, however, be embodied in many different
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forms and should not be construed as limited to the embodiments set forth herein; rather,
these embodiments are provided by way of example so that this disclosure will convey the
scope of the invention to those skilled in the art. Furthermore, like numbers refer to the same
or similar elements or components throughout.

Fig. 1 schematically depicts an illumination device 1, arranged to generate
output light. The illumination device 1 comprises at least one light emitting element 6 and a
light guide unit 2. The at least one light emitting element 6 is arranged to couple input light 7
into the light guide unit 2. The light guide unit 2 is arranged to receive input light 7 and to
out-couple it as out-put light 8.

The at least one light emitting element 6 may be of any kind of element that is
able to generate and emit light. For example, the at least one light emitting element 6 may
comprises a light emitting diode, LED. An RGB LED is advantageous to use for enabling
dynamic color light output 8 from the illumination device 1. The illumination device 1 of the
present invention may comprise two or more light emitting elements 6. More than one light
emitting element 6 may be preferable to use in order to increase the amount of light that is
coupled into the light guide unit 2. An increased amount of in-coupled light 7 may enable an
increased brightness and possibly an increased uniformity in the illumination from the light
guide unit 2. The at least one light emitting element 6 according to the present invention may
be of the same type or different types of light emitting elements.

In Fig. 1, the light guide unit 2 comprises a waveguide which is arranged to
receive input light 7 through or via a light in-coupling surface 3 and to out-couple the light 8
through or via a light out-coupling surface 4. In a preferred embodiment, as shown in Fig. 1,
the light guide unit 2 is substantially plate shaped, having edge surfaces along its edges, as
well as a top surface and a bottom surface. Preferably, the top and bottom surfaces are
parallel. A light in-coupling surface 3 is arranged on at least one of the edge surfaces and is
preferably perpendicular to the top and bottom surfaces. A light out-coupling surface 4 is
arranged on the top and/or bottom surface. The light guide unit 2 may alternatively be
arranged in various other ways. For example, the light guide unit 2 may have a curved
configuration, having curved top and bottom surfaces, or have a rod-like shape. The light
guide unit 2 may be in the form of a fiber. The light guide unit 2 may be triangular, circular
or have any other regular or irregular shape.

The light guide unit 2 is arranged to enable propagation of light coupled into
the light guide unit 2 by means of total internal reflection (TIR). The light guide unit 2

comprises a material through which light can propagate. The material preferably is a
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transparent material. Examples of such material include transparent acrylic materials such as
poly(methylmethacrylate) (PMMA), polycarbonate, glass and/or silicon rubber. In yet other
embodiments, the light guide unit 2 comprises a material having a relatively high thermal
conductivity. Examples of such material having a high relatively thermal conductivity are
diamond, diamond-like carbon (DLC), MgO and/or SizNj.

Light scattering and/or reflecting particles 5 are embedded in the wave guide.
These particles may comprise the same or different material compared to the material of the
waveguide. The particles may have a size in the range of 1 to 10 micrometer.

The light scattering and/or reflecting particles 5 enable out-coupling of the
light as output light 8. The light scattering and/or reflecting particles 5 redirect light beams
that impinge upon them, and may redirect at least some of the light beams towards the light
out-coupling surface 4, at an angle of incidence that is smaller than the critical angle for TIR,
thus enabling the light beam to be out-coupled from the light out-coupling surface 4 of the
light guide unit 2. The number of particles 5 can be determined in correlation to how much
light should be redirected from at least one light out-coupling surface 4 of the light guide unit
2. The number, size, type, and/or material of the particles 5 may be correlated to at least part
of the illumination properties of the light guide unit.

Fig. 2 shows a schematic embodiment of an illumination device 1 according to
the present invention, which comprises a light emitting element 6 and a light guide unit 2
comprising a wave guide 12 with heat transferring means in the form of a layer 9 which
comprises a thermally conductive material. The wave guide 12 comprises light scattering
and/or reflecting particles 5 and the light guide unit 2 is arranged to receive input light 7 from
the light emitting element 6 through or via a light in-coupling surface 3. It is to be understood
that additional light emitting elements 6 other than that shown in Fig. 2 can be used in an
illumination device according to embodiments of the present invention.

The wave guide 12 comprises a transparent material, for example a transparent
acrylic material, such as poly(methylmethacrylate) (PMMA).

When using a high power light source as a light emitting element 6, such as a
LED light source, the light emitting element 6 may become relatively warm. Cooling of the
light emitting element may be required and can be performed by conducting away the heat
from the illumination device 1. For example, a thermally conductive material 9 can be
laminated onto the top and/or bottom surface of the wave guide 12. In other examples, at
least one light in-coupling surface 3 of the wave guide 12 is laminated with a layer 9

comprising a thermally conductive material. In yet other examples, at least one light out-
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coupling surface of the wave guide 12 is laminated with a layer 9. Examples of a thermally
conductive material include diamond, diamond-like carbon (DLC), MgO and SizNs.

The light guide unit 2 is arranged to have an absolute thermal resistance equal
to or less than 20 K/W, which might be the highest thermal resistance for which the heat
transfer will have a significant effect for acceptable temperatures when applied in an
illumination device, for example a luminaire. The thermal resistance, R, of a sheet, such as a

wave guide, with a single type of material can be calculated by using:

q=k-A-dT/s

where:

¢ 1s the heat transferred per unit time (provided in W or Btu/hr);

A is the heat transfer area (provided in m* or ft%);

k 1s the thermal conductivity of the material (provided in W/(m-K), or
W/(m-°C), or Btu/(hr-F-ft));

dT is the temperature difference across the material (provided in K, or °C, or
°F); and

s 1s the heat transfer length (provided in m or ft), which is half of the length of
the light guide unit in case light is coupled in from two sides.

“ft” denotes the unit of length “foot”.

The thermal resistance, R, can be calculated as follows:

R=1/k-s/A

Examples of materials suitable to be used as a thermally conductive layer are
materials with a & value in the range of between 10 and 1000 W/(m-K), such as for example
diamond, diamond-like carbon (DLC), MgO and SizNy.

The heat transferring means, for example in the form of a layer 9 comprising a
thermally conductive material, decreases the absolute thermal resistance of the light guide
unit 2 to equal to or less than 20 K/W. The thermally conductive layer 9 onto the wave guide
12 enables a reduction of the temperature of the illumination device 1 when the light emitting
element 6 is providing light 7 into the light guide unit 2. A transparent thermally conductive

material is usually more expensive than a transparent acrylic material. Thus, by using a layer
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9 of a thermally conductive material onto a wave guide 12, which comprises a transparent
material, such as an acrylic material, instead of a wave guide 12 consisting of a transparent
thermally conductive material, a reduction of the cost may be obtained. Furthermore, it may
be difficult to manufacture a transparent thermally conductive material with embedded light
scattering and/or reflecting particles 5.

The thermal conductivity of the material depends on the thickness of the

thermally conductive layer 9. The thickness of the layer can be calculated by using:

d = (1/20)-(s/k)-(1/])

where:

d is the thickness of the layer;

s 1s the heat transfer length (provided in m or ft), which is half of the length of

the light guide in case light is coupled in from two sides;

k 1s the thermal conductivity of the material (provided in W/(m-K), or
W/(m:°C), Btu/(hr-F-ft)); and

[ is the width of the layer on the in-coupling side.

In one particular example, the size of a light guide is 0.5x0.5x0.002 m’. The
thickness of the layer can be calculated by using the equation above: d = (1/20)-(s/k)-(1/])=
1/20-(0.5/2)/k)-(1/0.5)=0.025/k. For example, a layer comprising a material such as diamond
(with a k value of about 1000 W/(m-K)) would only require a thickness of about 25
micrometer to provide a sufficient heat transfer ability.

Figs. 3a and 3b shows schematic embodiments of illumination devices 1
according to the present invention, which comprise a light emitting element 6 and a light
guide unit 2 with a wave guide 12 covered (Fig. 3a) or partially covered (Fig. 3b) with a
thermally conductive coating 10. The light guide unit 2 comprises a wave guide 12 with
embedded light scattering and/or reflecting particles 5 and the light guide unit 2 is arranged
to receive input light 7 from the light emitting element 6 through a light in-coupling surface
3. It may be understood that additional light emitting elements 6 can be used in an
illumination device according to embodiments of the present invention.

The wave guide 12 comprises a transparent material, for example a transparent
acrylic material such as poly(methylmethacrylate) (PMMA).

In order to cool down the illumination device 1, the light guide 2 may be

arranged with a coating 10 comprising a thermally conductive material. Examples of a
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thermally conductive material to use as a coating of the light guide include diamond,
diamond-like carbon (DLC), MgO and SizNy. It may be preferable to use diamond or
diamond-like carbon (DLC). The coating functions as heat transferring means. The thermally
conductive material of the coating 10 decreases the absolute thermal resistance of the light
guide unit 2 to equal to or less than 20 K/W. The thermally conductive coating 10 on at least
a portion of the outer surface of the wave guide 12 enables a reduction of the temperature of
the illumination device 1 when the light emitting element 6 is providing light 7 into the light
guide unit 2.

The coating 10 may be provided on at least a portion of the outer surface of
the wave guide. For example, a light in-coupling surface 3 may be coated. In another
example, a light out-coupling surface 4 may be coated.

Figs. 4a to 4d show schematic embodiments of illumination devices 1
according to the present invention, which comprises a light guide unit 2 and a light emitting
element 6. It may be understood that additional light emitting elements 6 can be used in an
illumination device according to embodiments of the present invention. The wave guide 12
comprises a transparent material, for example a transparent acrylic material such as
poly(methylmethacrylate) (PMMA). The wave guide 12 comprises light scattering and/or
reflecting particles 5 and the light guide unit 2 is arranged to receive input light 7 from the
light emitting element 6 through or via a light in-coupling surface 3. In Figs. 4a to 4d, a
thermally conductive connector 11 is coupled with the light guide unit 2 and the light
emitting element 6. It is to be understood that additional thermally conductive connectors 11
can be used in an illumination device according to embodiments of the present invention. The
thermally conductive connector 10 functions as heat transferring means and can lead heat
away from both the light guide unit 2 and the at least one light emitting element 6. The
thermally conductive connector 11 comprises a material with a relatively high thermal
conductivity, for example a metal, such as aluminum. An adhesive may be used in order to
make the thermal connection even better. For example, a thermally conductive adhesive may
be used.

In Fig. 4a, the thermally conductive connector 11 is directly arranged onto the
surface of the wave guide 12. In other embodiments, the wave guide 12 is at least partly
covered with a thermally conductive layer 9 and thus, the thermally conductive connector 11
is arranged to couple to the thermally conductive layer 9, as can be seen in Figs. 4b-4d. In
Fig. 4b, the thermally conductive layer 9 partly covers a surface of the wave guide 12. For

example, the thermally conductive layer 9 partly covers a light out-coupling surface 4, such
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as the top surface of the wave guide 12. The heat of the light guide 2 is transferred through
the thermally conductive layer 9 to the thermally conductive connector 11. In Fig. 4c, the
thermally conductive layer 9 is arranged in an opening of the wave guide surface. Also in this
embodiment, heat is transferred through the thermally conductive layer 9 of the light guide
unit 2 to the thermally conductive connector 11. The thermally conductive layer 9 can be
laminated onto one side of the wave guide 12, as can be seen in Fig. 4d. For example, the
thermally conductive layer 9 can be laminated onto a light in-coupling surface 3 of the wave
guide 2. In all of Figs. 4a-4d, heat is transferred from the at least one light emitting element
to the thermally conductive connector.

While the present invention has been illustrated and described in detail in the
appended drawings and the foregoing description, such illustration and description are to be
considered illustrative or exemplifying and not restrictive; the present invention is not limited
to the disclosed embodiments. Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practicing the claimed invention, from a
study of the drawings, the disclosure, and the appended claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs in the

claims should not be construed as limiting the scope.
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CLAIMS:

1. An illumination device (1) comprising:
- a light guide unit (2) comprising embedded light scattering and/or light
reflecting particles (5) and a light in-coupling surface (3) adapted to couple light into the light
guide unit; and
- a light emitting element (6) arranged to emit light into the light guide unit via
the light in-coupling surface;

wherein the light guide unit comprises heat transferring means (9, 10, 11) for
transferring heat generated by operation of the light emitting element away from the light
emitting element, and

wherein the heat transferring means is arranged such that at least a portion of

the light guide unit has an absolute thermal resistance equal to or less than 20 K/W.

2. The illumination device according to claim 1, wherein the heat transferring
means is arranged such that the at least a portion of the light guide unit has an absolute

thermal resistance equal to or less than 17 K/W.

3. The illumination device according to claim 1 or 2, wherein the light guide unit
comprises a material selected the group consisting of poly(methylmethacrylate),

polycarbonate, glass, and silicon rubber.

4. The illumination device according to any one of claims 1 to 3, wherein the
light guide unit comprises a thermally conductive material, and wherein at least a portion of

the light guide unit has a thermal conductivity equal to or exceeding 12.5 W/(m'K).

5. The illumination device according to any one of claims 1 to 4, wherein at least
a portion of an outer surface of the light guide unit comprises a layer (9), and wherein the

layer comprises a thermally conductive material.
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6. The illumination device according to claim 5, wherein the thermally
conductive material is selected from the group consisting of diamond, diamond-like carbon,

MgO, SizN4, and any combination thereof.

7. The illumination device according to any one of claims 1 to 4, wherein at least
a portion of an outer surface of the light guide unit comprises a layer (9), and wherein the

layer comprises a mesh of a plurality of wires comprising thermally conductive material.

8. The illumination device according to claim 7, wherein the material of the
plurality of wires is selected from the group consisting of copper, gold, silver, zinc, and

stainless steel.

9. The illumination device according to any one of claims 1 to 8, wherein at least

a portion of an outer surface of the light guide unit comprises a thermally conductive coating

(10).

10. The illumination device according to claim 9, wherein the thermally
conductive coating comprises a material selected from the group consisting of diamond,

diamond-like carbon, MgQO, SizN4 and any combination thereof.

11. The illumination device according to any one of claims 9 and 10, wherein the

thickness of the thermally conductive coating (10) is equal to or exceeding 25 micrometer.

12. The illumination device according to any one of claims 1 to 11, wherein the
light guide unit and the light emitting element are coupled with each other via a thermally

conductive connector (11).

13. The illumination device according to any one of claims 5 to 8, wherein the
layer of the at least a portion of the outer surface of the light guide and the light-emitting

element are coupled with each other via a thermally conductive connector (11).

14. The illumination device according to any one of claims 1 to 13, wherein the

light emitting element comprises a light emitting diode.
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15. A luminaire comprising an illumination device (1) according to any one of the

previous claims.



WO 2014/033585 PCT/IB2013/056678

1/4




WO 2014/033585 PCT/IB2013/056678

2/4




WO 2014/033585 PCT/IB2013/056678

3/4




WO 2014/033585 PCT/IB2013/056678

4/4




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings

