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window, wherein the chamber is defined by a bottom (21) and at least one surrounding wall (22, 23, 24, 25), and wherein a surface
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and adapted to emit light towards the light exit window. The light exit window of the chamber comprises a luminescent member
(10). The optical arrangement (1) further comprises a diffractive member (12) arranged between the light source (6) and the light exit

o window, such that light emitted from the light source towards the light exit window layer is adapted to pass through the diffractive
member.



Optical arrangement with diffractive optics

FIELD OF THE INVENTION

The present invention relates to an optical arrangement, and especially to an

optical arrangement comprising a diffractive member.

BACKGROUND OF THE INVENTION

Optical arrangements may comprise a plurality of light sources which emit

light arranged to pass through a layer of luminescent material on its way out from the optical

arrangement. When the light from a light source reaches the luminescent layer, a part of the

light will be reflected back towards the light source. There is a need of providing optical

arrangements in a compact design, i.e. with a short distance between the light source and the

luminescent layer. With a short distance between the light source and the luminescent layer,

the light refiected back towards the light source will hit the light source and be absorbed by

the material in the light source. This causes a decreased efficiency of the optical arrangement

due to lost light.

One way to alleviate this drawback is to configure the luminescent layer to

decrease the amount of light that is reflected back towards the light source, e.g. as disclosed

in WO2010/151055 wherein an optical arrangement is provided with optical structures in a

top layer of the arrangement, through which layer the light from a light source passes. The

optical structures are arranged to avoid light being reflected back towards the light source.

The optical structures are provided at a rear surface of the layer, which rear surface faces the

light source. Light that is refiected at a front surface of the layer back inside the layer, is then

once again, by means of the optical structures, reflected at the rear surface to avoid light

going back inside the optical arrangement. However, such layer with optical structures in a

top layer is complicated and costly to manufacture, and further provides a trade-off between

reflection optimization and the size of the optical arrangement.

Consequently, there is a need for an optical arrangement of compact size

which alleviates the drawback of refiected light being absorbed by the light source.



SUMMARY OF THE INVENTION

It is an object of the present invention to at least partly overcome this problem

and to provide an optical arrangement with high light-emitting efficiency and of compact

size.

According to a first aspect of the invention, this object is achieved by an

optical arrangement, comprising an optical chamber comprising a light exit window, wherein

the chamber is defined by a bottom and at least one surrounding wall, and wherein a surface

of the bottom of the chamber is reflective. At least one light source is arranged at the bottom

of the chamber and adapted to emit light towards the light exit window. The light exit

window of the chamber comprises a luminescent member. The optical arrangement further

comprises a diffractive member arranged between the light source and the light exit window,

such that light emitted from the light source towards the light exit window layer is adapted to

pass through the diffractive member.

By providing a diffractive member between the light source and the light exit

window, the light emitted by the light source may be spread towards a portion of the

luminescent member not directly above the light source. This may lead to light being

reflected from the luminescent member back into the chamber does not hit the light source

but the bottom of the chamber. Since the bottom surface of the chamber may be adapted to

reflect light, the reflected light from the luminescent member may again be reflected from the

bottom surface of the chamber, back towards the luminescent member, where it eventually

may be emitted from the optical arrangement. The light-emitting efficiency of the optical

arrangement may thereby be greatly increased. Further, by diffracting the light from the light

source, and achieving a re-reflection of light reflected from the luminescent member, a more

homogenous light output from the optical arrangement via the light exit window may be

achieved.

In one embodiment, the optical arrangement may comprise a plurality of light

sources. A plurality of light sources may provide a desired light output from the optical

arrangement.

In a further embodiment, at least two light sources may share a common

diffractive member. That is, a single diffractive member may be arranged to receive light

emitted by at least two different light sources.

A plurality of light sources may be arranged next to each other. They may

thereby share a common diffractive member. This may facilitate a manufacturing process of

the optical arrangement. The light sources may be arranged at a relatively small area of the



bottom of the chamber. The light from the light sources may thereby be directed by the

diffractive member towards portions of the luminescent member above the rest of the

chamber bottom.

In another embodiment, said surrounding wall of the chamber may be

reflective.

The light from the light source may be diffracted by the diffractive member

towards the surrounding wall of the chamber. Due to the reflectivity of the surfaces of the

surrounding wall and the bottom of the chamber, the light diffracted towards the surrounding

wall may be reflected towards the luminescent member.

In one embodiment, said at least one light source and diffractive member may

be arranged at a portion of the bottom of the chamber near said surrounding wall.

The light from the light sources may thereby be diffracted by the diffractive

member towards a center portion of the luminescent member and towards the surrounding

wall of the chamber. Due to the reflectivity of the surfaces of the surrounding wall and the

bottom of the chamber, the light diffracted towards the surrounding wall may be reflected

towards the same center portion of the luminescent member. The light emitted from the

optical arrangement through the luminescent member may thereby be concentrated to the

central portion of the luminescent member.

In a further embodiment, said diffractive member may be attached to said light

source.

The diffractive member may be attached to the light source. All light emitted

by the light source may thereby be diffracted by the diffractive member. The diffractive

member may be arranged on top of the light source, with a distance to the light exit window.

In an alternative embodiment, said diffractive member may be arranged at a

distance dl from said light source.

When the light from the light source passes through the diffractive member, it

may be diffracted with an angle to a direction perpendicular to the diffractive member. By

arranging the diffractive member at a distance from the light source, the angle of the

diffracted light may be controlled. This may affect the behavior of the light reaching the

luminescent member, the amount of light being reflected back into the chamber and the light

intensity at a certain portion of the luminescent member. The diffractive member may further

be arranged with a distance to the light exit window.

In a further embodiment, the diffractive member may be arranged at a distance

(d2) from the luminescent member.



In order to diffract the light from the light source towards the luminescent

member, the diffractive member may be arranged at a distance d2 from the luminescent

member. The distance d2 may be selected with regard to the properties of the optical

arrangement (in particular the light source, the diffractive member, and/or the luminescent

member) and the desired light output from the optical arrangement.

In one embodiment, said light source may be a solid state light source, such as

an LED or a laser diode.

An LED or a laser diode may provide a focused light emission, which may be

diffracted by the diffractive member.

In one embodiment, said chamber may be filled with a fluid or solid.

The chamber may be filled with air or a substantially transparent fluid or solid.

This may further be used for directing the diffracted light and to control its behavior when

being reflected in the chamber. The chamber may be defined by a shell formed by the bottom

surface, the surrounding wall and the light exit window. This shell, i.e. the chamber, may be

filled with a fluid or solid material. Such fluid or solid may be glass, rubber, quartz, silicone

or the like.

In a further embodiment, said luminescent member may comprise multiple

phosphor layers or multiple phosphor segments.

A phosphor layer may be used to provide a desired light output from the

optical arrangement. The phosphor layer may diffuse, scatter and/or color the light. Multiple

phosphor layers or segments may be used to provide a further desired light output from the

optical arrangement.

In one embodiment, said luminescent member may be a transparent layer.

The luminescent member may be an organic or an inorganic phosphor layer.

With organic phosphor, the luminescent member may be transparent.

In an alternative embodiment, said luminescent member may be a scattering

layer.

The luminescent member may be an organic or an inorganic phosphor layer.

With inorganic phosphor, the luminescent member may scatter the light passing through. The

inorganic phosphor layer may thereby be used to design the light output from the optical

arrangement by scattering light in the layer. The scattering function in the luminescent

member may further be used in combination with the diffractive member. The diffractive

member may focus the light output to certain portions of the luminescent member. A

scattering function in the luminescent member may spread the light emitted from the optical



arrangement. The organic phosphor may be used in combination with light-scattering

elements such as particles.

It is noted that the invention relates to all possible combinations of features

recited in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The various aspects of the invention, including its particular features and

advantages, will be readily understood from the following detailed description and the

accompanying drawings, in which:

Fig. l a is a perspective view of an optical arrangement according to an

embodiment of the present invention;

Fig. lb illustrates an optical arrangement according to an embodiment of the

present invention;

Fig. l c illustrates an optical arrangement according to an embodiment of the

present invention;

Fig. 2 illustrates an optical arrangement according to an embodiment of the

present invention;

Fig. 3 illustrates an optical arrangement according to an embodiment of the

present invention;

Fig. 4 illustrates an optical arrangement according to an embodiment of the

present invention;

Fig. 5a illustrates an optical arrangement according to an embodiment of the

present invention;

Fig. 5b illustrates an optical arrangement according to an embodiment of the

present invention.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter with

reference to the accompanying drawings, in which currently preferred embodiments of the

invention are shown. This invention may, however, be embodied in many different forms and

should not be construed as limited to the embodiments set forth herein; rather, these

embodiments are provided for thoroughness and completeness, and fully convey the scope of

the invention to the skilled person. Like reference characters refer to like elements

throughout.



Figs la-c illustrate an optical arrangement 1 according to an embodiment of

the present invention. The optical arrangement 1 comprises an optical chamber 2 arranged on

a base 14. The base 14 may be a substrate. The chamber 2 forms an interior space 26. The

chamber 2 is defined by a bottom 21, a surrounding wall 22, 23, 24, 25 and a light exit

window defined by a luminescent member 10. The surrounding wall is defined by a plurality

of sides 22, 23, 24, 25. Inside the chamber 2, at the bottom 2 1 of the chamber 2, a plurality of

light sources 6, 8 are arranged. The light sources may be light-emitting diodes (LEDs) 6 (fig.

lb) and/or laser diodes 8 (fig. lc). The luminescent member 10 is arranged remote of the

light source 6 . The chamber 2 is in figs lb and l c illustrated in a two-dimensional cross-

section along the line I-I, not showing the sides 23, 25 forming the three-dimensional

chamber 2 . Inner surfaces 4a, 4b, 4c of the bottom 2 1 and sides 22, 24 of the chamber 2 are

highly reflective. Additionally, the sides 23 and 25 have highly reflective inner surfaces. The

highly reflective surfaces may be achieved by an aluminum coating on the surface.

On top of each light source 6, 8, a diffractive member 12 is arranged. The

diffractive member 12 is arranged to diffract and spread light emitted by the light source 6, 8.

The diffractive member 12 is arranged with a distance d2 from the luminescent member 10.

Light A is emitted from a light source 6, 8 through the above arranged

diffractive member 12. Due to the diffractive member 12, the light A from the light source 6,

8 does not spread straight up towards the luminescent member 10. The light A is spread

toward portions of the luminescent member 10 that are not directly aligned with a light

source 6, 8, but aligned with a reflective section of the chamber bottom 2 1. A large portion B

of the light source emitted light A passes the luminescent member 10 and is emitted from the

optical arrangement 1. However, a portion C is reflected when reaching the luminescent

member 10. The reflected light C is reflected back into the interior 26 of the chamber 2 . Due

to the spreading of the light A by means of the diffractive member 12, the reflected light C is

reflected towards the bottom surface 4a of the chamber bottom 2 1. The light D is thereby re-

reflected from the bottom surface 4a towards the luminescent member 10, and a further

portion of the light A emitted by the light source 6, 8 is emitted from the optical arrangement

1.

As seen in fig. 2, the diffractive member 12 may be arranged with a distance

dl between each light source 6 and the corresponding diffractive member 12. The light Ai

emitted from the light source 6 thereby travels the distance dl before reaching the diffractive

member 12 and being spread towards the luminescent member 10. With the distance dl

between the light source 6 and the diffractive member 12, the light can be diffracted in



certain angular ranges depending on the distance dl, and provide high intensity of the light

emitted from certain portions of the optical arrangement 1.

As illustrated in fig. 3, two or more light sources 6 may share a common

diffractive member 13. The light sources 6 are arranged close together in a central portion 16

of the chamber bottom 2 1. The diffractive member 13 spreads the light A towards peripheral

portions of the luminescent member 10. The reflected light C is reflected towards side

portions 18, 20 of the chamber bottom 21. The properties of the light B, D emitted from the

optical arrangement 1 may be configured by means of the diffractive member 13, the location

of the light sources 6 and which portions of the chamber bottom 2 1 the reflected light C is re-

reflected from.

Alternatively, as seen in fig. 4, the light sources 6 can be arranged at side

portions 18, 20 of the chamber bottom 21. Each light source 6 is provided with a diffractive

member 12. The side portions 18, 20 are located adjacent to the sides 22, 24 of the chamber

2 . When a light source 6 with a diffractive member 12 is arranged close to a side 22, 24 of the

chamber 2, light A emitted from the light source 6 is directed towards a side 22. Due to the

reflectivity of the inner surface 4b of the side 22, light A2 is reflected towards the

luminescent member 10. One part B of the light reaching the luminescent member 10 is

emitted from the optical arrangement 1 and one part C is reflected back into the interior 26 of

the chamber 2 . The reflected light C is further re-reflected D from the bottom surface 4a

towards the luminescent member 10 and emitted from the optical arrangement 1. The light

reflection properties in the chamber 2 is similar for light sources 6 arranged adjacent to the

side 24 with its reflective inner surface 4c, or adjacent to further sides of the chamber 2 not

shown. Further, light may be reflected in a similar manner from the sides 23 and 25.

Figs. 5a and 5b illustrate two embodiments wherein the optical arrangement 1

comprises a luminescent member 10 divided into a plurality of sub-layers lOa-c or a plurality

of segments lOd-f. Light sources 6 are provided on the bottom 2 1 of the chamber 2, with

diffractive members 12 arranged on top. Light from the light sources 6 are diffracted towards

the luminescent member 10. The sub-layers lOa-c of the luminescent member 10 may be

designed to provide certain optical properties. This is used to achieve reflective properties of

the luminescent member 10 which minimizes the reflection of light back into the chamber 2,

and further facilitates light re-reflected from the bottom 2 1 of the chamber 2 to pass through

the luminescent member 10 and be emitted from the optical arrangement 1.

The segments lOd-f in the embodiment shown in fig. 5b provides optical

properties of the luminescent member 10 which is different in different portions of the



luminescent member 10. In combination with the design of the diffractive members 12, the

segments lOd-f may be designed to provide a desired light output emitted from the optical

arrangement 1. The segments lOd-f may further be used to compensate for different behavior

of the light reaching the luminescent member 10 in different portions of the optical

arrangement 1, to achieve a homogenous optical output emitted from the optical arrangement

1.

The luminescent member 10 comprises a luminescent material capable of

converting light of a wavelength range emitted by the light source 6 into light of a different

wavelength range, typically of longer wavelengths. For example, the luminescent material

may be capable of converting blue light into light of another color, such as yellow. Such

luminescent material may be phosphor. In one embodiment, the luminescent material may be

a plurality of luminescent materials, such as inorganic luminescent material or organic

luminescent material, alone or in combination. The luminescent material may further

comprise quantum dots or quantum rods. Such quantum dots or rods may be based on CdSe,

CdS or InP. The luminescent material may be colored to color the light emitted from the

optical arrangement. An example of an organic luminescent material is luminescent material

based on perylene derivatives, which are for instance sold under the name Lumogen ® by

BASF, which may include Lumogen ® Red O05, Lumogen ® Orange f240, Lumogen ® Yellow

f083, Lumogen ® Yellow fl70 etc. Examples of inorganic luminescent materials may include

Ce doped YAG (Y3Al50 i2) or LuAG (Lu3Al50 i2) . The Ce doped YAG emits a yellowish

light, and the Ce doped LuAG emits a yellow-greenish light. Further examples of inorganic

luminescent materials, which emits red light, may include ECAS (ECAS, Cai_xAlSiN 3:Eux,

wherein 0<x<l, especially x<0.2) or BSSN (BSSNE, Ba2_x_MxSi5-yAl N 8-yO :Eu , wherein

M=Sr, Ca; 0<x<l, especially x<0.2; 0<y<4; 0.0005<z<0.05).

In the illustrated embodiments, the interior space 26 of the chamber 2 may be

filled with a fluid or solid material, instead of air. This may provide optical characteristics of

the chamber 2 improving the diffraction and reflection of light A, C, D inside the chamber 2 .

Such fluid material may be e.g. oil or the like. Such solid material may be e.g. glass, rubber,

quartz, silicone or the like.

The person skilled in the art realizes that the present invention by no means is

limited to the preferred embodiments described above. On the contrary, many modifications

and variations are possible within the scope of the appended claims. For example, the

material of the luminescent member may further be selected from additional examples of



materials, and the structural design of the chamber may vary, for instance by comprising a

further number of light sources and diffractive members.

Additionally, variations to the disclosed embodiments can be understood and

effected by the skilled person in practicing the claimed invention, from a study of the

drawings, the disclosure, and the appended claims. In the claims, the word "comprising" does

not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a

plurality. A single processor or other unit may fulfill the functions of several items recited in

the claims. The mere fact that certain measures are recited in mutually different dependent

claims does not indicate that a combination of these measured cannot be used to advantage.



CLAIMS:

1. An optical arrangement (1), comprising

an optical chamber (2) comprising a light exit window, wherein the chamber is

defined by a bottom (21) and at least one surrounding wall (22, 23, 24, 25), and wherein a

surface (4a) of the bottom (21) of the chamber is reflective, and

at least one light source (6, 8) arranged at the bottom (21) of the chamber (2)

and adapted to emit light towards the light exit window,

wherein the light exit window of the chamber comprises a luminescent

member (10), and

wherein the optical arrangement further comprises a diffractive member (12,

13) arranged between the light source (6, 8) and the light exit window, such that light emitted

from the light source towards the light exit window layer is adapted to pass through the

diffractive member (12).

2 . An optical arrangement according to claim 1, wherein the optical arrangement

comprises a plurality of light sources (6).

3 . An optical arrangement according to claim 2, wherein at least two light

sources share a common diffractive member (13).

4 . An optical arrangement according to claim 1, wherein said surrounding wall

(22, 23, 24, 25) of the chamber (2) is reflective.

5 . An optical arrangement according to claim 1, wherein said at least one light

source (6, 8) and diffractive member (12, 13) are arranged at a portion of the bottom (21) of

the chamber (2) near said surrounding wall.

6 . An optical arrangement according to claim 1, wherein said diffractive member

(12, 13) is attached to said light source (6, 8).



7 . An optical arrangement according to claim 1, wherein said diffractive member

(12, 13) is arranged at a distance dl from said light source (6, 8).

8. An optical arrangement according to claim 1, wherein the diffractive member

(12, 13) is arranged at a distance d2 from the luminescent member (10).

9 . An optical arrangement according to claim 1, wherein said light source (6, 8)

is an LED (6) or a laser diode (8).

10. An optical arrangement according to claim 1, wherein said chamber (2) is

filled with a fluid or solid.

11. An optical arrangement according to claim 1, wherein said luminescent

member comprises multiple phosphor layers (lOa-c).

12. An optical arrangement according to claim 1, wherein said luminescent

member comprises multiple phosphor segments (lOd-f).

13. An optical arrangement according to claim 1, wherein said luminescent

member (10) is transparent.

14. An optical arrangement according to claim 1, wherein said luminescent

member (10) is scattering.

15. A luminaire comprising an optical arrangement according to any one of the

claims 1 to 14.
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