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FIG. 1
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(57) Abstract: Today the use of false ceilings is decreasing as it involves too high an energy consumption. The tendency nowa
days is to have bare concrete ceilings onto which luminaires are mounted, which often causes acoustical problems. The invention

o deals with these acoustical problems and relates to an illumination device (1) comprising a concave reflector (2) bordering,with an
outer edge (3),on a light emission window (4). The reflector has a reflective surface (7) facing the light emission window. The il

o lumination device further comprises lamp holding means (8) for accommodating a light source (9),and said lamp holding means
being positioned in between the reflective surface and the light emission window. The illumination device is characterized in that
the reflector is made of acoustically absorbing material.



w o 2 0 12/042 429 A2 1II 11 II II 11 I I I 11III III Hill lllll 11 lllll I I 111 III I I 111 II

Published:

— without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



Illumination device and luminaire

FIELD OF THE INVENTION

The invention relates to an illumination device comprising:

a concave reflector bordering, with an outer edge, on a light emission window,

the reflector and the light emission window constituting a boundary of a reflector cavity, and

the reflector having a reflective surface facing the light emission window;

lamp holding means for accommodating a light source and being provided at

or within the boundary of the reflector cavity.

The invention further relates to a luminaire comprising at least one

illumination device according to the invention.

BACKGROUND OF THE INVENTION

Such an illumination device is known from US5782551. The known

illumination device is a luminaire that is mounted with a backside to a deck. An acoustical

shell, which acts as a reflector and which can produce an office light beam with conventional

louver optics, is provided at the backside of the luminaire. Said acoustical shell is made such

that it allows sound to pass through to an absorbing blanket provided in between the

acoustical shell and the deck. To this end the acoustical shell is made from perforated metal

material or molded, high-density fiberglass material. The acoustical shell and the absorbing

blanket thus form a stack of an optical element and an acoustically absorbing element. This

causes the known luminaire to have the disadvantages of being relatively expensive,

involving laborious mounting, and having a relatively complicated and rather bulky

construction.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an illumination device of the type as

described in the opening paragraph, in which at least one of the abovementioned

disadvantages is counteracted. To achieve this the illumination device of the type as

described in the opening paragraph is characterized in that the reflector is made of

acoustically absorbing material. As the same element is used for both reflection of light and



absorption of sound, a reduction in size, thickness and/or width and costs compared to the

conventional solutions with stacked optical and acoustic elements is attained. In principle any

light refiective, sound absorbing material can be applied to form the reflector, for example

cotton wadding wound around and carried by a rigid frame. However, preferably the sound

absorbing material should have properties typical for reflectors, i.e. highly refiective to light,

sufficient mechanical strength, heat and/or flame resistant etc. In this respect, heat resistant

means that the material as such should be able to withstand a continuous service temperature

of at least 120°C during 30 days, and flame resistant, in this respect, means that the material

as such does not propagate a flame. In particular, the sound absorbing material preferably is

sufficiently rigid for example not to deform due to its own weight, and sufficiently rigid to be

able to carry (small) light sources, and maintain its preformed optical shape throughout its

lifetime under specified thermal and environmental conditions.

Preferably, the reflector is diffusely refiective or has at least a highly diffusive

reflection component, for example in that the reflector is more than 70% or 80% or

preferably 95% or more diffusely reflective and/or less than 30% or 20% or 5% or even less

specularly refiective. Diffuse reflectors allow porous, open, or rough structures which are

better suited for the absorption of sound than closed, smooth surfaces which are better suited

for use as specularly reflective surfaces. Furthermore, diffusely reflective surfaces reduce the

risk of glare, which is of particular importance in office lighting and for working with

computers, and diffusely reflective surfaces are particularly suitable in environments where

accurate beams, such as required for spotlighting, are somewhat less critical. Yet, if

specularly reflective surfaces are desired, the acoustically absorbing material can be coated

with a reflective metal coating, for example an aluminum coating. For a semi-specularly

reflective reflector, a coating of satinized, white paint on the sound-absorbing material is

appropriate.

Known materials that have at least one of the abovementioned properties are

Basotect® from BASF, a flexible, lightweight, sound-absorbing, open-cell foam made from

melamine resin, which is a thermoset/thermo-formable polymer with a reflectivity of about

more than 85% depending on the applied coating, and GORE™ DRP® reflector material

from Gore, a microporous structure made from durable, non-yellowing polymer PTFE (poly-

tetra-fluoro-ethylene) with a reflectivity of about more than 99%.

The reflector can be in one piece, but alternatively the reflector can be made

up of several reflector parts which together form the concave reflector, for example two

oppositely positioned, elongated reflector halves with each a paraboloidally curved cross-



section, or a curved, cup-shaped central part with a circumferential straight-shaped flange.

The several parts could be held together, for example by a bridging element or by a housing

in which the reflector parts are mounted. The bridging element or the housing could

simultaneously serve as a means to hold the lamp-holding means, and to hold connector

means to connect the illumination device to the mains power supply. In this invention, the

expression "the lamp-holding means being provided at or within the boundary of the reflector

cavity" comprises those embodiments in which said holding means, optionally together with

the light source, form part of the boundary of the reflector cavity and/or are provided inside

the reflector cavity.

The concave shape of the reflector has both optical and acoustic benefits:

optically it contributes to the creation of a desired cut-off, such that the bright light source

cannot be viewed at an angle smaller than a desired, specific angle; and acoustically, the

concave shapes of reflectors reduce the acoustic impedance step from air to the absorbing

material. As a result, the sound waves are less reflected by the material, and more sound is

absorbed compared to a planar, flat plate. This benefit goes in particular for an array of

reflectors. Also, this benefit is most apparent for sound waves with a wavelength comparable

to the individual reflector size or larger. Another benefit of the concave shape compared to

the planar, flat shape is that reflected sound is scattered more in space. This also improves the

acoustic performance, as diffused sound is less intelligible and not clearly coming from a

single direction, which is experienced as less disturbing.

The optically reflective side of the reflector preferably is convex, but the

backside need not necessarily be concave, i.e. the backside may have any shape, for example

undulated or flat. It is advantageous for the acoustic absorption to have more volume of the

absorbing material. Therefor, preferably all void spaces in the luminaire are filled with the

acoustically absorbing material. The acoustic material could have a constant thickness, but

alternatively this is not the case: the whole housing, except for the space needed for the light

source and driver, could be filled to improve the sound absorbing characteristics of the

luminaire, although a balance between weight and costs of the illumination device on the one

hand and sound absorbing characteristics of the illumination device on the other hand must

be sought.

An embodiment of the illumination device is characterized in that the reflector

is tapered and comprises an edge wall interconnecting a narrow end of width Woe and a wide

end of width Wle of the reflector, a height H of the tapered reflector being a dimension



measured substantially parallel to an axis A of the tapered reflector, and the relationship

between Wlw, Woe, and H being according to the following equation:

tan(a) <= (Wiw + Woe) / 2H, with a is <=65°.

a is the (cut-off) angle between the axis A vertical to the light emission

window and the line at which light source and/or surfaces of high luminance are not visible

anymore through the light emission window. Preferably, the light source comprises a

light-emitting surface being arranged at a narrow end of the tapered reflector, said

light-emitting surface facing towards the light emission window and having a dimension

substantially equal to a dimension of the narrow end of the tapered reflector, and being used

for emitting substantially diffuse light towards a wide end of the tapered reflector. The light

source then closes the narrow end, thus counteracting the possibility of an optic gap through

which light may leak, and additionally enables a lower peak value of the light intensity while

the same amount of light may still be issued from the illumination system. The glare cut-off

is then determined by the height of the concave reflector in combination with the beam

profile of the side-emitting source. The reflector should block a direct view into this beam.

The given minimum height value renders the glare value of the illumination system

acceptably low.

The axis of the tapered reflector is typically arranged so as to extend from the

center of the narrow end to the center of the wide end and, for example, coincides with an

optical axis of the illumination system. The axis intersects the light emission window; the

intersection between the axis and the light emission window may, for example, be

substantially perpendicular. The tapered reflector may have a truncated cone shape or a

truncated pyramid shape or any other shape. The intersection between the edge of the wide

end and/or narrow end and the light emission window may be circular, elliptical or

polygonal. Especially tapered reflectors having an elliptical or rectangular shape of the

intersection may be useful in corridor lighting, in which the beam profile could be made

asymmetric either to enhance the wall illumination, for example wide beam to the walls,

narrow beams parallel to the walls to avoid glare, or conversely, the beam could be made

narrower towards the walls, to save energy, and wider along the corridor to increase

luminaire spacing and save cost. The edge wall is made of (diffusely) reflecting material

which typically has a reflectivity of 80% to 99.5%. The tapered reflector according to the

invention may be embodied with or without a neck at its narrow end; the narrow end may be

open or closed, in which latter case the tapered reflector is a concave reflector cup.



A further effect of the illumination system according to the invention is that

the solution for generating an illumination system complying with the glare requirements is

relatively cost-effective. Often, in known illumination systems, prismatic plates/sheets are

used to limit the glare value. Such prismatic sheets are relatively expensive and the

application of prismatic sheets in the known illumination systems is relatively expensive.

Also the placement of louvers for limiting the glare for, for example, fluorescent light

sources, is relatively time-consuming and thus relatively expensive. The tapered reflectors

may be produced relatively cost-effectively, for example, from highly diffusely reflective

foam and are shaped using, for example, thermo-forming processes. The tapered reflector

may be arranged around the light source for generating at relatively low cost the illumination

system having a limited glare value.

An embodiment of the illumination device is characterized in that it comprises

a mixing chamber which is bound by the edge wall, the narrow end and an optical element

provided in the reflector cavity and extending transversely to the axis. Thus, light from a

plurality of LEDs, for example blue, green, red, amber or white emitting LEDs (forming the

light source) is mixed, before being issued from the illumination device. The optical element

may be a refractive element to redirect the light from the light source, or may be a lens to

create special beam patterns, or may be provided with a luminescent material and/or the

optical element is a scattering element. A benefit of this latter embodiment is that the

combination of the light source and the scattering element allows choosing the level of

diffusion of the light issued by the illumination device. The level of scattering may be

adapted by, for example, replacing one scattering element with another. The use of scattering

elements allows an optical designer to adapt, for example, the minimum height of the tapered

reflector. The scattering elements may comprise diffuse scattering means for diffusely

scattering the light from the light source. Due to such diffuse scattering means, the brightness

of the light source is reduced to prevent users from being blinded by the light when looking

into the illumination system. The diffuse scattering means may be a partly diffusely reflective

and partly diffusely translucent diffuser plate, diffuser sheet or diffuser foil. The visibility of

discrete LEDs, each issuing light of a specific spectrum, and hence the visibility of non-

uniform light is thus effectively counteracted.

The scattering element may comprise holographic scattering structures for

diffusely scattering the light from the light source. The efficiency of holographic scattering

structures is much higher compared to other known scattering elements, allowing the

emission of diffuse light from the light source, while maintaining a relatively high efficiency



of the light source. The high efficiency is typically due to the relatively low back-scattering

of the holographic scattering structure.

If the optical element comprises a luminescent material embedded in the

optical element or applied to a surface of the optical element, the luminescent material may

be beneficially used to adapt a color of the light emitted by the illumination system by

converting light emitted by the light source to light of a different color. When, for example,

the light source emits ultraviolet light, the optical element may comprise a mixture of

luminescent materials which each absorb ultraviolet light and convert the ultraviolet light to

visible light. The specific mixture of luminescent materials provides a mixture of light of a

predefined perceived color. Alternatively, the light source emits visible light, for example,

blue light, and part of the blue light is converted by luminescent material into light of a

longer wavelength, for example, yellow light. When mixed with the remainder of the blue-

light, light of a predefined color, for example, white light may be generated.

Especially when applying a coating or layer of luminescent material to a

surface of the optical element facing the light source, the coating or layer of luminescent

material is not immediately visible from the outside of the illumination system. In the

example in which the light source emits blue light, a part of which is converted by the

luminescent material to yellow light, the color of the luminescent material performing this

conversion is perceived as yellow. When the luminescent material is visible from the outside

of the illumination system, the sight of this yellow luminescent material (which may, for

example, be the luminescent material: YAG:Ce) may not be preferred by a manufacturer of

the illumination system as it may confuse users of the illumination system, causing them to

think the illumination system emits yellow light. Therefore, when applying the luminescent

material at the surface of the optical element facing towards the light source, the luminescent

material is not directly visible from the outside, thus reducing the yellow appearance of the

optical element and hence the confusion to users of the illumination system. Furthermore, the

risk is reduced that the coating of luminescent material is damaged, for example by being

scratched or wiped-off, when it is not exposed to the environment.

A shape of the light beam as emitted by the illumination system depends on,

amongst others, the shape of the tapered reflector. A shape of the tapered reflector which

generates a specific predefined beam shape may be determined using, for example, optical

modeling software, also known as ray-tracing programs, such as LightTools®. For this

purpose, an embodiment of the illumination device is characterized in that the edge wall is

curved along the axis for adapting a beam shape of the light emitted by the illumination



system. In an embodiment of the illumination device, the light emitting surface of the light

source is convexly shaped towards the wide end of the tapered reflector. A benefit of such

convex-shaped light emitting surfaces is that these light emitting surfaces may be more

uniformly lit by a light source having, for example, a Lambertian light distribution, for

example, light emitting diodes. Such improved uniformity further reduces the brightness of

the diffuse light emitted by the light source, thereby further reducing glare.

A further benefit of the convex-shaped light emitting surface is that it provides

space for the light source, which eases the manufacturing of the illumination system

according to the invention. When the light source is, for example, a light emitting diode, the

light emitting diode is typically applied to a circuit board such as a PCB. This PCB may be

used to mount both the tapered reflector and the convex-shaped light emitting surface, thus

enhancing the ease of manufacturing the illumination system. In addition, the convex-shaped

light-emitting surface may provide space, at its reverse side, for driver electronics for the

light source.

In an embodiment of the illumination system, the edge wall is curved inward

towards the symmetry axis of the tapered reflector for adapting a beam shape of the light

emitted by the illumination system. A benefit of this inwardly curved edge wall is that the

glare value at 65 degrees is significantly decreased. This reduced glare value allows

introducing a higher light flux in the illumination system having inwardly curved edge walls,

compared to illumination systems having substantially straight edge walls, while still

observing the glare norm. The exact curvature required of the edge wall may depend on the

shape and size of the light emitting surface of the light source and may be determined using,

for example, optical modeling software, also known as ray-tracing programs, such as ASAP®,

LightTools®, etc.

In another embodiment, the illumination device is characterized in that the

lamp holding means is provided in between a counter reflector and the reflective surface. The

counter reflector can be chosen such that, in operation, the illumination device functions as a

luminaire which issues light essentially solely in an indirect way, i.e. light from the light

source is essentially only issued from the luminaire after being (diffusely) reflected. The

effect of the counter reflector is two-fold, i.e., firstly it blocks a direct view, by an observer,

of the light source through the light emission window, and secondly light emitted by the light

source and impinging directly on the counter reflector is reflected either within the counter

reflector or to the reflector before being issued through the light emission window to the

exterior. Thus, the risk of glare is reduced.



Preferably, the illumination device is characterized in that the counter reflector

is made of acoustically absorbing material. Thus, the favorable property of the illumination

device, i.e. being sound absorbing, is maintained. An elegant way to keep the reflector and

the counter reflector mutually positioned is by means of a bridging element, which optionally

simultaneously could also keep multiple reflector parts and the lamp holding means

positioned and form a housing for driver electronics for the light source. A rim of the counter

reflector may form part of the border of the light emission window. The counter reflector

may be completely or partly provided in the reflector cavity, in which case the counter

reflector is located in between the lamp holding means and the light emission window.

In an alternative embodiment to tackle glare, the illumination device is

characterized in that the light source is at least one, side emitting LED for issuing light from

the light source in a direction transverse to the axis towards the reflective surface. Light is

then issued through the light emission window and from the luminaire essentially only in an

indirect way, while the necessity of a counter reflector is obviated. The LED can be made

side-emitting by means of primary optics integrated in the LED package or alternatively by

secondary optics, for example a TIR element or reflectors that redirect the light to the side.

The invention relates further to a luminaire comprising at least a first

illumination device, and is characterized in that the luminaire comprises an acoustically

absorbing panel with optically reflective surfaces at least one surface of which has a plurality

of concave surface elements, the first illumination device forming one of said concave

surface elements. Not the whole area of the light emission window of the luminaire needs to

be light emitting, but a non-light-emitting part of the light emission window may be used for

acoustic purposes only. This non-emitting part may still contain concave curved surfaces to

create a uniform appearance in the off-state and to have the acoustical benefits of the curved

surface. This non-light-emitting part need not be at the rim, but can, for example, be

dispersed between light-emitting parts, or the light emitting parts and non-light-emitting parts

may form an interdigitated pattern like a checkerboard, a cross, or something random, etc. An

illumination device as such can also be considered to be a luminaire comprising only a single

unit of the first illumination device.

In an embodiment, the luminaire comprises the first illumination device with a

first reflector for providing a first beam, characterized in that the luminaire comprises integral

with the first illumination device at least one further illumination device with at least one

further reflector for providing at least one further beam, the further illumination device

forming a further one of said concave surface elements. Said first beam and said further beam



could substantially have the same shape and/or direction, but alternatively could be

significantly different with respect to these characteristics. Hence, an advantageous luminaire

is obtained for which desired predetermined light characteristics can be selected relatively

easily. Such an illumination system provides a very interesting design feature which may be

used to achieve a specific required illumination distribution and aesthetics.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further elucidated by means of the schematic

drawings in which,

Fig. 1 shows a cross section of a first embodiment of the illumination device

according to the invention;

Fig. 2 shows a perspective view of a luminaire in one piece, which is built up

of a plurality of illumination devices similar to the illumination device of Fig.l;

Fig. 3A shows a cross section of a second embodiment of a luminaire

comprising a plurality of illumination devices according to the invention;

Fig. 3B shows a cross section of a third embodiment of a luminaire comprising

a plurality of illumination devices according to the invention;

Fig. 4A shows a second embodiment of the illumination device according to

the invention;

Fig. 4B shows a perspective view of a third embodiment of the illumination

device according to the invention;

Fig. 5 shows a ceiling with suspended luminaires according to the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig. 1 shows a cross section of a first embodiment of the illumination device 1

according to the invention. The illumination device comprises a concave reflector 2 which

borders, with an outer edge 3, on a light emission window 4, the reflector and light emission

window constituting a boundary 5 of a reflector cavity 6 . The reflector has a reflective

surface 7 facing the light emission window. The illumination device further comprises lamp

holding means 8 accommodating a light source 9; in Fig.l a plurality of white, red, green and

blue (WRGB) light emitting LEDs are mounted on a PCB 10 with a light reflective surface

11. In this embodiment, the RGB LEDs do not render the right color for general illumination,

but are added to the white LEDs to tune the color. Said PCB and LEDs together are provided

in the reflector cavity, i.e. in this particular case form part of the boundary of the reflector



cavity. The reflector is acoustically absorbing, diffusely reflective and flame resistant and

heat resistant. The reflector is in one piece, tapered and comprises an edge wall 12

connecting a narrow end 13 and a wide end 14 of the reflector. The edge wall is made of

sound absorbing foam and coated with GORE™ DRP® reflector material from Gore, a

microporous structure made from durable, non-yellowing polymer PTFE (poly-tetra-fluoro-

ethylene).The reflector is diffusely reflective, i.e. about 98.5% diffusely reflective and about

1.5% specularly reflective, rendering the light to be issued from the luminaire as a beam in a

direction along an optical axis A. The illumination device is mounted in a housing 18 via

which the illumination device is mounted to a deck/ceiling 19. A main part of the spacing 29

between the housing and the edge wall is filled with sound absorbing material. In this

embodiment, said spacing and the edge wall are made of one and the same material (for the

sake of clarity the edge wall is still indicated by a double line) and hence the edge wall is

considered to have a variable thickness. The light source comprises a light-emitting surface

15 facing the light emission window, said light-emitting surface being arranged at the narrow

end and being dimensioned substantially equal to the narrow end. The illumination device

further has a mixing chamber 16 which is bound by the edge wall, the narrow end and an

optical element 1 extending transversely to the axis and provided in between the light source

and the light emission window. The optical element is a scattering element, in Fig. 1 a

diffuser sheet with a sandblasted side 27 facing towards the light source and a side 28 facing

away from the light source. The tapered reflector has at least a height H, H being a dimension

measured substantially parallel to the optical axis A of the tapered reflector and transversely

to the light emission window. The height H is the distance between the optical element 17

and the light emission window 4, which optical element is considered to be a substitute for

the light source 9 as an (imaginary) shifted light source, along the axis A. The illumination

device has a glare value, i.e. a value representing the level of glare, which satisfies the

European Standard EN 12464 for rooms in which people work intensively with computer

displays. The standard specifies requirements to control the average luminance values. For

workstations, a maximum limit applies of 1000 cd/m2 for class I and II and 200 cd/m2 for

class III of display screen classes according to the ISO 9247-1 classification. This limit

applies for cut-off angles a starting from 65° or more. The cut-off angle a is the angle

between the axis A perpendicar to the light emission window and the line at which light

source and/or surfaces of high luminance are not visible anymore through the light emission

window. The glare requirements for rooms in which people work intensively with computer

displays pose demands on the illumination device with respect to its dimensions. In particular



these demands result in a relationship between the width Wlw of the reflector at its wide end

14 (corresponding to the width of the light emission window 4), the width Woe of the

reflector at its narrow end 13 (corresponding to the width of the optical element 17) and the

height H. This relationship is according to the following equation:

tan(a) <= (Wiw + Woe) / 2H, with a is <=65°

For critical computer screen activities the cut-off area is outside a cone around

the axis A, the cone having a top angle of 110°, said top angle being twice the cut-off angle

of 55°. The illumination device has a minimum shielding angle β of 40°, β is the angle

between the plane of the light emission window and the first line of sight at which any part of

the lamp or its reflection becomes directly visible through the light emission window.

Fig. 2 shows a perspective view of a luminaire 100 in one piece, which is built

up of a plurality of illumination devices 1, 1". . . similar to the illumination device of Fig. 1.

The luminaire comprises a first illumination device 1 with a first reflector 2 for providing a

first beam and, integral with the first illumination device, at least one further illumination

device 1' , 1" . .., in this Fig. fifteen further illumination devices. Each further illumination

device has one respective further reflector 2', 2". .. for providing one respective further beam.

The material of the reflectors of the illumination devices' luminaire is a lightweight open

cell, thermo-formable foam. Adjacent the narrow end 13 of every illumination device but one

(to make visible the narrow end 13), an optical element 1 is provided, in the Fig. a plate

coated at a side facing the light source with a luminescent material 26, for example YAG:Ce

which converts blue light from the light source to light of a longer wavelength. The coated

plate partly transmits light from the light source and partly converts light from the light

source, the balance between the transmitted light and the converted light being set such that

said combination causes the light issued by the luminaire to be white.

Fig. 3A shows a cross section of a second embodiment of a luminaire 100 with

a plurality of illumination devices 1 according to the invention. Illumination device 1 is a

luminaire with a round, cup shaped reflector 2 in one piece, which reflector borders, with an

outer edge 3, on a round light emission window 4, the reflector and the light emission

window constituting a boundary of a reflector cavity 6 . The round reflector has a center 20

through which an axis A extends that coincides with an optical axis of the luminaire and

extends transversely to the light emission window. In the center a light source 9 is provided

on lamp holding means 8, i.e. a single side-emitting white LED mounted on a PCB, but this

could alternatively be a halogen incandescent lamp provided with a mirroring coating on a

side of its bulb surface facing towards the light emission window. Said LED issues light in a



direction transverse to the axis towards the essentially diffusely reflective surface 7 of the

round reflector; "essentially" in this respect means that the reflector is designed so as to be as

highly diffusely reflective as possible, meaning that in practice it has a diffuse reflectivity of

93% or more. Light is issued from the luminaire as diffusely scattered light as shown by light

rays 37. The reflector is made from sound absorbing material. In the luminaire, the two

illumination devices shown are mutually separated by a reflector cavity 6 in which no light

source is provided.

Fig. 3B shows a cross section of a third embodiment of a luminaire 100

comprising a plurality of illumination devices 1 according to the invention, which is

analogous to the luminaire of Fig. 3A, but in which the reflector cavity 6 without light source

(see Fig. 3A) is substituted by a wave-shaped sound absorbing and light reflective mass 30

having a saw tooth structure when viewed in cross section. Said reflective mass preferably is

of the same material as the material used for the edge wall 12 of the reflector 2 .

Fig. 4A shows a second embodiment of the illumination device according to

the invention. The illumination device has a reflector 2 composed of two reflector parts 2a,

2b, i.e. two mirror-positioned elongated concave reflectors parts 2a, 2b, with undulated

surfaces and which are mounted on a centrally positioned, elongated housing 18. The

reflector has an outer edge 3 that borders on a light emission window 4 . The reflector and the

light emission window together constitute a boundary of a reflector cavity 6 . Both reflector

parts each have a respective inner edge 22a, 22b at which they are mutually separated by a

spacing 23 through which the housing extends and at which they are mounted onto the

housing. The housing houses driver electronics 32 for a light source 9 . The housing extending

through the spacing renders the driver easily accessible from the backside and enables easy

connection of the driver electronics of the illumination device to a power supply. The

illumination device further has two optical elements 17a, 17b, fixed in the housing and

positioned transverse to the light emission window in the reflector cavity. The optical

elements in combination with respective walls 34a, 34b of the housing, respective reflector

parts 2a, 2b, and the light source 9, jointly forming respective mixing chambers 16a, 16b.

Fig. 4B shows a third embodiment of the illumination device 1 according to

the invention. The illumination device has a reflector 2 composed of two reflector parts 2a,

2b, i.e. two oppositely positioned elongated concave reflectors parts 2a, 2b which are

mounted on a centrally positioned, elongated bridging element 21. The reflector has an outer

edge 3 that borders on a light emission window 4 . The reflector and the light emission

window together constitute a boundary 5 of a reflector cavity 6 . Both reflectors parts each



have a respective inner edge 22a, 22b at which they are mutually separated by a spacing 23

and at which they are mounted onto the bridging element. The bridging element houses

driver electronics (not shown) for a light source 9 . The spacing between the reflector parts

makes the bridging element easily accessible from the backside and enables easy connection

of the driver electronics of the illumination device to a power supply, for example via electric

cable 24. The illumination device further has a partly translucent, partly reflective counter

reflector 25 mounted on the bridging element and positioned opposite the reflector in the

reflector cavity. Both the reflector and the counter reflector are made of sound absorbing

material. The light source, in the Fig. a plurality of LEDs but a pair of elongated low pressure

mercury fluorescent discharge lamps would alternatively be possible, is mounted on the

bridging element and is positioned in between the reflector and the counter reflector. Light

issued by the light source either impinges on the reflector and is then largely issued from the

illumination device to the exterior or impinges on the counter reflector and is then either

diffusely transmitted through the counter reflector or reflected to the reflector and

subsequently largely issued from the illumination device through the light emission window

to the exterior.

Fig. 5 shows a ceiling 19 where some of the conventional acoustic panels 38

that suspend from said ceiling are replaced by luminaires 100 according to the invention.

Each of the luminaires comprises a plurality of illumination devices 1 distributed together

with non-illuminating reflector cavities 6 over the luminaire.



CLAIMS:

1. Illumination device (1) comprising:

a concave reflector (2) bordering, with an outer edge (3), on a light emission

window (4), the reflector and the light emission window constituting a boundary (5) of a

reflector cavity (6), and the reflector having a reflective surface (7) facing the light emission

window;

lamp holding (8) means for accommodating a light source (9) and being

provided at or within the boundary of the reflector cavity,

characterized in that the reflector is made of acoustically absorbing material.

2 . Illumination device as claimed in claim 1, characterized in that the reflector is

essentially diffusely reflective.

3 . Illumination device as claimed in claim 1 or 2, characterized in that the

material of the reflector is a sound absorbing foam, preferably a lightweight open-cell sound

absorbing foam and/or a thermo-formable sound absorbing foam.

4 . Illumination device as claimed in claim 1 or 2, characterized in that the

acoustically absorbing material of the reflector is flame resistant and/or heat resistant.

5 . Illumination device as claimed in claim 1 or 2, characterized in that the

reflector (30, 32) is tapered and comprises an edge wall (12) connecting a narrow end (13) of

width Woe and a wide end (14) of width W le of the reflector, a height (H) of the tapered

reflector being a dimension measured substantially parallel to an axis (A) of the tapered

reflector and transversely to the light emission window, the relationship between W lw , W oe,

and H being according to the following equation:

tan(a) <= (Wiw + W oe) / 2H, with a is <=65°.

6 . Illumination device as claimed in claim 5, characterized in that the light source

comprises a light-emitting surface (15) facing the light emission window and being arranged



at the narrow end and having a dimension substantially equal to a dimension of the narrow

end.

7 . Illumination device as claimed in claim 6, characterized in that it comprises a

mixing chamber (16) which is bound by the edge wall, the narrow end and an optical

element (17) provided in the reflector cavity and extending transverse to the axis (A).

8. Illumination device as claimed in claim 7, characterized in that the optical

element is provided with a luminescent material (26) and/or that the optical element is a

diffusor.

9 . Illumination device as claimed in claim 5, characterized in that the edge wall

is curved along the axis (A) for adapting a beam shape of the light emitted by the

illumination device.

10. Illumination device as claimed in claim 1 or 2, characterized in that the lamp

holding means is provided in between a counter reflector (25) and the reflective surface.

11. Illumination device as claimed in claim 10, characterized in that the counter

reflector is made of acoustically absorbing material.

12. Illumination device as claimed in claim 10, characterized in that the reflector

consists of multiple parts which are interconnected by a bridging element (21), optionally

together with the counter reflector.

13. Illumination device as claimed in claim 1, 5 or 10, characterized in that the

light source is at least one LED mounted on a PCB, preferably at least one side-emitting LED

for issuing light from the light source in a direction transverse to the axis towards the

reflective surface.

14. Luminaire comprising at least a first illumination device (1, , 1". ..) as

claimed in any one of the preceding claims 1 to 13, characterized in that the luminaire

comprises an acoustically absorbing panel with an optically reflective surface, said reflective



surface comprising at least one surface with a plurality of concave surfaces elements, the first

illumination device forming one of said concave surface elements.

15. Luminaire (100) as claimed in claim 14, which luminaire comprises the first

illumination device (1) with a first reflector (2) for providing a first beam, characterized in

that the luminaire comprises integral with the first illumination device at least one further

illumination device ( 1 ' , 1". . .) with at least one further reflector (2', 2". . .) for providing at

least one further beam, the further illumination device forming a further one of said concave

surface elements.
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