Office de la Propriete Canadian CA 2643105 C 2014/04/29
Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 643 1 05
Findustie Canada Industry Ganada 12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2007/03/08 (51) ClL.Int./Int.Cl. F21V 7/04 (2006.01),
T T _ F21Vv 7/05 (2006.01), F21V 7/06 (2006.01),
(87) Date publication PCT/PCT Publication Date: 200//09/20 F21V 7/07 (2006.01) F21V 7/08 (2006.01)
(45) Date de delivrance/lssue Date: 2014/04/29
(72) Inventeur/Inventor:
(85) Entree phase nationale/National Entry: 2008/09/12 MAN, KWONG, CA
(86) N° demande PCT/PCT Application No.: CA 2007/000375 (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2007/104136 KONINKLIJKE PHILIPS ELECTRONICS N.V., NL
(30) Priorité/Priority: 2006/03/13 (US60/781,797) (74) Agent: MBM INTELLECTUAL PROPERTY LAW LLP

(54) Titre : DISPOSITIF OPTIQUE DESTINE A MELANGER ET A REDIRIGER DE LA LUMIERE
(54) Title: OPTICAL DEVICE FOR MIXING AND REDIRECTING LIGHT

10

4

/7
4
4

40

e
o

7,
/j
7
2
4
7
7
Z
7
7
7
7
7
/
?«

)
R S USSR AR AR RS AR AN A A AN R A N A A N

/4

20

(57) Abrege/Abstract:

The present Invention provides an optical device configured for the creation of an asymmetric illumination beam pattern while
additionally mixing the light created by two or more light-emitting elements. The optical device comprises a reflector body which
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(57) Abrege(suite)/Abstract(continued):
extends between an entrance aperture and an exit aperture, wherein the two or more light emitting elements are positioned relative

to the entrance aperture and light Is reflected within the reflector body exiting at the exit aperture. The reflector body includes a first
pair of walls including symmetric reflective elements and a second pair of walls orthogonal to the first pair of walls, wherein the
second pair of walls includes asymmetric reflective elements. The first pair of walls provides a means for mixing the light generated
by the two of more light-emitting elements and generating a symmetric beam pattern about a first axis. Along a second axis,
orthogonal to the first axis, the second pair of walls provides a means for mixing the light generated by the two or more light-emitting
elements and generating an asymmetric beam pattern.
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(57) Abstract: The present invention provides
an optical device configured for the creation
of an asymmetric illumination beam pattern
while additionally mixing the light created
by two or more light-emitting elements. The
optical device comprises a reflector body
which extends between an entrance aperture
and an exit aperture, wherein the two or more
light emitting elements are positioned relative
to the entrance aperture and light is reflected
within the reflector body exiting at the exit
aperture. The reflector body includes a first
pair of walls including symmetric reflective
elements and a second pair of walls orthogonal
to the first pair of walls, wherein the second
pair of walls includes asymmetric reflective
elements. The first pair of walls provides a
means for mixing the light generated by the two
of more light-emitting elements and generating
a symmetric beam pattern about a first axis.
Along a second axis, orthogonal to the first
axis, the second pair of walls provides a means
for mixing the light generated by the two or
more light-emitting elements and generating
an asymmetric beam pattern.
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OPTICAL DEVICE FOR MIXING AND REDIRECTING LIGHT

FIELD OF THE INVENTION

[0001] The present invention pertains to the field of lighting and in particular to an

optical device for mixing and redirecting light.

BACKGROUND

[0002] Advances in the development and improvements of the luminous flux of light-
emitting devices such as solid-state semiconductor and organic light-emitting diodes
(LEDs) have made these devices suitable for use in general illumination applications,
including architectural, entertainment, and roadway lighting. Light-emitting diodes are
becoming increasingly competitive with light sources such as incandescent, fluorescent,

and high-intensity discharge lamps.

[0003] One of the problems in designing LED luminaires is the difficulty of evenly
illuminating a surface upon which light i1s directed. For example, when a luminaire 1s
positioned in the vicinity of an upper portion of the surface, it 1s difficult to 1lluminate
the lower portion of the surface with a brightness that 1s comparable to that at the upper
portion. This problem is likewise similar when the luminaire 1s positioned in the
vicinity of the lower portion of the surface. Furthermore, with particular regard to
LEDs, a further requirement is the need for effective colour mixing of the different
colours of light emitted by varying types of LEDs, in order to produce a desired uniform

colour of light, for example, white light.

[0004] United States Patent No. 6,200,002 discloses a light source that includes an array
of LEDs in each of a plurality colours such as red, green, and blue in the entrance
aperture of a tubular reflector which has convex walls facing the optical axis and flares
outward toward the exit aperture. Mixing of the colours of LEDs i1s defined as being
promoted by utilizing a large number of small LEDs with the LEDs of each color being
centered on the optical axis. In particular this patent is directed to the mixing of light

from a plurality of LEDs, however, it does not address the issue relating to evenly
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1lluminating a surface when the light source is positioned such that it 1s otf set relative to

the central region of the surface.

[0005] Furthermore, United States Patent No. 6,547,416 discloses a light source that
includes an array of LED components in each of a plurality of colors such as red, green,
and blue in the entrance aperture of a tubular reflector which has an exit aperture, an
optical axis extending between the apertures, and a reflective circumferential wall
extending between the apertures to reflect and mix light from the array of LED
components. It is defined that at least a portion of the circumferential wall of the
reflector body has a polygonal cross-section taken normal to the optical axis, and at least
a portion of the cross-section taken parallel to the optical axis includes segments of a
curve joined one to the next to form a plurality of facets for reflecting light from the
LED components to said exit aperture. This patent is directed to mixing the multiple
colours of light in order to create a colour controlled spotlight. However, it does not
address the issue relating to being capable of evenly illuminating a surface when the

light source is positioned such that it 1s off set relative to the surface.

[0006] An optical device for use with a non-imaging light source is disclosed in United
States Patent No. 4,964,025. The optical device is an asymmetric reflecting cup to be
used in automobile stop lights. The sides of the cup are different, wherein 1n cross
section, each side contains a circular portion and two difterent parabolic portions. This
configuration of the optical device enables the emission of light 1n a relatively narrow
range of angles, with different horizontal and vertical ranges, such that observers may
see the automobile. Again this patent does not address the issues relating to being
capable of evenly illuminating a surface when a light source is positioned such that 1t 1s

off set relative to the surface or mixing multiple colours of light.

[0007] United States Patent No. 4,441,783 describes both symmetric and asymmetric
compound parabolic concentrators to be used for navigational lights, wherein these
lights provide a means for a vessel to be seen and not to illuminate a particular object.
The patent describes two geometric configurations for projecting light, namely
symmetrical and asymmetrical compound parabolic concentrators, each of which may be
constructed as either a reflective cavity or a refractive dielectric, thereby providing four
basic designs for achieving uniform luminous intensity over a sharply bounded

horizontal arc of visibility, and also for achieving a desired vertical arc of visibility.

2
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This patent, however does not address any means for simultancously mixing different

colours of light to create a uniform colour.

[0008] In addition, United States Patent No. 5,727,108 discloses a compound parabolic
concentrator (CPC) which has a modified prismatic dielectric structure used as the
reflecting surface of the CPC which acts as a refractive retlector. The light rays undergo
a single reflection from the prismatic surface between the mput aperture and the output
aperture of the CPC. However, this patent does not address the 1ssue relating to being

capable of evenly illuminating a surface when the light source 1s positioned such that it

1s off set relative to the surface.

[0009] Therefore there is a need for a new optical device that is capable of both enabling
substantially even illumination of a surface when the light source 1s off set relative to the
central region of the surface, while additionally providing for a desired level of light
mixing in order to generate a uniform colour of light from different coloured light

SOUrcCcs.

[0010] This background information is provided to reveal information believed by the
applicant to be of possible relevance to the present invention. No admission 1s
necessarily intended, nor should be construed, that any of the preceding information

constitutes prior art against the present invention.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide an optical device for mixing and
redirecting light. In accordance with an aspect of the present invention, there is
provided an optical device for mixing and redirecting light generated by two or more
light-emitting elements, the optical device comprising: an entrance aperture and an exit
aperture; and a reflector body extending between the entrance aperture and exit aperture,
the reflector body including a first pair of walls positioned orthogonal to a second pair of
walls, said first pair of walls comprising symmetrical reflective elements, and said

second pair of walls comprising asymmetric reflective elements; wherein the reflector
body is configured to redirect and mix the light generated by the two or more light-

emitting elements.
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[0012] In accordance with another aspect of the present invention there 1s provided a
light source comprising: an array of two of more light-emitting elements for emitting
light of one or more colours; an optical device including an entrance aperture, an exit
aperture and a reflector body extending between the entrance aperture and the exit
aperture, the reflector body including a first pair of walls positioned orthogonal to a
second pair of walls, said first pair of walls comprising symmetrical reflective elements,
and said second pair of walls comprising asymmetric reflective elements; wherein the
array of two or more light-emitting elements are positioned proximate to the entrance
aperture and wherein the reflector body is configured to redirect and mix the light

generated by the two or more light-emitting elements.

BRIEF DESCRIPTION OF THE FIGURES

[0013] Figure 1 is a cross sectional view of an optical device according to one
embodiment of the present invention, wherein the cross section is taken along a first

axis.

[0014] Figure 2 is a cross sectional view of the optical device of Figure 1, wherein the

cross section is taken along a second axis orthogonal to the first axis.

[0015] Figure 3 illustrates a light intensity distribution on a plane parallel to the output

plane of an optical device according to one embodiment of the present invention.

[0016] Figure 4 is a perspective view of an array of optical devices according to one

embodiment of the present invention.
[0017] Figure 5 is a bottom view of the array of optical devices of Figure 4.

[0018] Figure 6 is a cross sectional view of the array of optical devices ot Figure 4 taken

along line A-A.

[0019] Figure 7 is a cross sectional view of the array of optical devices of Figure 4 taken

along line B-B.

[0020] Figure 8 is an end view of the array of optical devices of Figure 4.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0021] The term “light-emitting element” is used to define any device that emits
radiation in any region or combination of regions of the electromagnetic spectrum for
example, the visible region, infrared and/or ultraviolet region, when activated by
applying a potential difference across it or passing a current through 1t, for example.
Therefore a light-emitting element can have monochromatic, quasi-monochromatic,
polychrematic or broadband spectral emission characteristics. Examples of light-
emitting elements include semiconductor, organic, or polymer/polymeric light-emitting
diodes, optically pumped phosphor coated light-emitting diodes, optically pumped nano-
crystal light-emitting diodes or other similar devices as would be readily understood by a

worker skilled in the art.

[0022] As used herein, the term “about” refers to a +/-10% variation from the nominal
value. It is to be understood that such a variation is always included in any given value

provided herein, whether or not it is specifically reterred to.

10023] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

[0024] The present invention provides an optical device for use with a light source
comprising two or more light-emitting elements. The optical device provides for the
creation of an asymmetric illumination beam pattern while additionally mixing the light
created by the two or more light-emitting elements. The optical device comprises a
reflector body which extends between an entrance aperture and an exit aperture, wherein
the two or more light emitting elements are positioned relative to the entrance aperture
and light is reflected within the reflector body exiting at the exit aperture. The reflector
body includes a first pair of walls including symmetric reflective elements and a second
pair of walls orthogonal to the first pair of walls, wherein the second pair of walls
includes asymmetric reflective elements. The first pair of walls provides a means for
mixing the light generated by the two of more light-emitting elements and generating a

symmetric beam pattern about a first axis. Along a second axis, orthogonal to the first
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axis, the second pair of walls provides a means for mixing the light generated by the two

or more light-emitting elements and generating an asymmetric beam pattern.

[0025] Figures 1 and 2 illustrate orthogonal longitudinal cross sections of an optical
device according to one embodiment of the present invention. The optical device
comprises an entrance aperture 10, an exit aperture 20 and a light manipulation chamber
45 defined by a substantially square cross sectional reflector body therebetween. As
1llustrated in Figure 1, the reflector body comprises a first pair of walls S0 and 60 which
are symmetrically configured. In this embodiment the first pair of walls are configured
as parabolic reflective elements for mixing the light generated by two or more lhight-
emitting elements positioned at the entrance aperture 10. The symmetrically configured
parabolic walls 50 and 60 further provide for a symmetric beam pattern in a first
direction being emitted from the exit aperture 20 of the optical device. Two of more
light-emitting elements 11 are positioned proximate to the entrance aperture and light

emitted thereby is reflected within the reflector body exiting at the exit aperture.

[0026] As illustrated in Figure 2, the reflector body further comprises a second pair of
walls 30 and 40 which are asymmetrically configured. Wall 40 is configured as a
parabolic reflective element and wall 30 is configured as a planar reflective element,
which together provide for the mixing of the light generated by two or more hight-
emitting elements positioned at the entrance aperture 10. The asymmetrically
configured walls 30 and 40 further provide for an asymmetric beam pattern being

emitting from the exit aperture 20 of the optical device 1n a second direction.

Reflector Body

[0027] The reflector body comprises a first pair of walls and a second pair of walls
oriented orthogonal to each other. The first pair of walls are symmetrically configured
and the second pair of walls are asymmetrically configured. Due to the orthogonal
orientation of the first and second pairs of walls, the first pair of walls and the second
pair of walls are capable of independently adjusting the beam pattern in first and second
orthogonal directions, which i1s emitted from the exit aperture of the optical device.
Furthenﬁore, the manipulation chamber defined by the reflector body provides a region

for the mixing of the light emitted by the two or more light-emitting elements.
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[0028] The symmetrical pair of walls provides for a symmetrical uniform distribution of
mixed light in a first direction. Figure 3 illustrates an example light intensity
distribution on a plane parallel to the output plane of an optical device according to one
embodiment of the present invention. As illustrated, the light intensity distribution

about line 51 is substantially symmetric.

[0029] In one embodiment, a symmetrical light intensity distribution in a first direction
can provide a means for horizontally illuminating a surface such that about a uniform

brightness is visible in the horizontal direction along the surface.

[0030] The asymmetrical pair of walls provides for an asymmetrical distribution of
mixed light in second direction orthogonal to the first direction. The asymmetric
manipulation of the light in the second direction can provide for the preferential
redirection of mixed light into a desired portion of the light intensity distribution. With
further reference to Figure 3, the light intensity distribution about line 52 1s asymmetric
wherein a higher light intensity 54 relative to a lower light intensity 53, is positioned oft

the centre line of the light intensity distribution.

[0031] In one embodiment, an asymmetric light distribution can provide a means for a
substantially even vertical illumination of a surface, when a light source comprising an
optical device according to the present invention is positioned in the vicinity of the
upper region of the surface. In this example, the lower portion of the surface 1s a greater
distance away from the light source and therefore illumination projected thereto will
require a greater intensity in order to illuminate the surface to the same degree as the

upper portion of the surtace.

[0032] A reflective element which forms one or more of the walls of the reflector body,
can be configured in a plurality of shapes. For example, the reflective element can be
parabolic, hyperbolic, planar, elliptical, an arc of a circle or any other shape desired. As
would be known to a worker skilled in the art, there are a plurality of formats for each of
the above defined shapes, wherein the format of the shape can be determined based on

the desired level of light mixing and manipulation to be provided by the optical device.

[0033] In another embodiment, the reflective elements can be formed from two or more

planar portions having different slopes, for example a segmented reflective element.
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[0034] It would be readily understood by a worker skilled in the art that the shape of a
reflective element can be determined based on the desired light output pattern from the
optical device. For example, the desired light output pattern to be emitted from exit
aperture of the optical device can determine the curve of a particular parabola to be used

for a reflective element of the reflector body.

[0035] In one embodiment of the present invention, the reflective elements of the
reflector body are fabricated from a reflective material, for example specular aluminium,
a metallised plastic or other form of reflective material as would be readily understood
by a worker skilled in the art. As an example, reflective elements fabricated from a

specular aluminium material can provide about 95% efficiency of illumination

redirection.

[0036] In one embodiment of the present invention, the first pair of walls and the second

pair of walls define a substantially square cross sectional shaped reflector body.

[0037] In an another embodiment of the present invention, the reflector body further
comprises a third pair of walls and a fourth pair of walls, thereby resulting in a
substantially octagonal cross sectional shaped reflector body. The third and fourth pairs
of walls may provide a means for additional mixing of light within the manipulation

chamber of the reflector body.

[0038] In one embodiment of the present invention, one or more of the retlective
elements are combined with one or more refractive elements. The provision of one or
more refractive elements together with the reflective elements may provide a means for
additional mixing of the light emitted by the two or more light-emitting elements into

the reflector body.
Light-Emitting Elements

[0039] The two or more light-emitting elements can be selected to provide a
predetermined colour of light. The number, type and colour of the light-emitting
elements may provide a means for achieving high luminous efficiency, a high colour
rendering index (CRI), and a large colour gamut, for example. The two or more light-
emitting elements can be manufactured using either organic material, for example

OLEDs or PLEDs or inorganic material, for example semiconductor LEDs. The two or
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more light-emitting elements can be primary light-emitting elements that can emit
colours including blue, green, red or other colour. The two or more light-emitting
elements can optionally be secondary light-emitting elements, which convert the
emission of a primary source into one or more monochromatic wavelengths or quasi-
monochromatic wavelengths, for example optically pumped LEDs. Additionally, a
combination of primary and/or secondary light-emitting elements can be provided,

which can be determined based on the desired light output.

[0040] In one embodiment of the present invention the light-emitting elements are
selected having spectral outputs centred around wavelengths corresponding to the
colours red, green and blue. Optionally, light-emitting elements of other spectral output
can additionally be used, for example light-emitting elements radiating at the amber
wavelength region or optionally may include one or more light-emitting elements
radiating at the cyan wavelength region. The selection of light-emitting elements can be
directly related to the desired colour gamut and/or the desired maximum luminous flux

and colour rendering index to be created.
Array of Optical Devices

[0041] In one embodiment, two or more optical devices according to the present
invention can be coupled together in order to form an array of optical devices. The array
can be configured as a linear array or a planar array, wherein the configuration of the

array can be determined based on the desired light distribution pattern to be generated.

[0042] In one embodiment of the present invention, an array of optical devices 1s
configured in order that each of the optical devices within the array has substantially an

identical orientation.

[0043] In another embodiment of the present invention, the orientation of the optical
devices within the array are configured with varying orientation in a predetermined

pattern.

[0044] In another embodiment of the present invention, the orientation of the optical

devices within the array are configured randomly.

[V045] In one embodiment of the present invention, multiple arrays of optical devices

can be coupled together.
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[0046] Figure 4 illustrates a perspective view of a planar array of optical devices
according to one embodiment of the present invention. The planar array is configured as
a 2 by 3 array of optical devices. Figure S illustrates a bottom view of the array of
Figure 4. Figures 6 and 7 are cross sections of the array taken along lines A-A, and B-B,

respectively.

(0047] With reference to Figure 6, the array of optical devices is positioned proximate to
a plurality of light-emitting elements such that light from two or more light-emitting
elements enters through each of the entrance apertures 80 of each optical devices.
Within the light manipulation chamber 95 the light is mixed and symmetrically
distributed across the exit aperture 90 by reflective elements 130 and 140, which form

the first pair of walls.

[0048] With reference to Figure 7, the second pair of walls 110 and 100 are configured
as an asymmetric pair of walls, wherein reflective element 100 is a planar wall and
reflective element 110 is a parabolic wall. The array of optical devices can be
structurally secured together using one or more support struts 127, thereby forming a

substantially rigid array.

[0049] In one embodiment, coupling elements 70 and 75 as illustrated in Figure 7, can
provide a means for the mating of adjacent arrays and may additional provide a means
for securing the array to a luminaire, for example. Furthermore support elements 120

and 125 can provide structural strength to the coupling elements.

[0050] Figure 8 illustrates a side view of the array of optical devices according to the

embodiment illustrated in Figure 4.

[0051] It is obvious that the foregoing embodiments of the invention are exemplary and
can be varied in many ways. Such present or future variations are not to be regarded as
a departure from the spirit and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be included within the scope of

the following claims.

10
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WE CLAIM:

An optical device for mixing and redirecting light generated by two or more

light-emitting elements, the optical device comprising:

a) an entrance aperture and an exit aperture; and

b) a reflector body extending between the entrance aperture and exit
aperture, the reflector body including a first pair of walls positioned
orthogonal to a second pair of walls, said first pair of walls comprising
symmetrical reflective elements, and said second pair of walls comprising
asymmetric reflective elements;

wherein the reflector body is configured to redirect and mix the light generated

by the two or more light-emitting elements.

The optical device according to claim 1, wherein the symmetrical reflective
elements have a shape selected from the group comprising: parabolic,
hyperbolic, planar, elliptical and arc of a circle, wherein the shapes are selected

to be symmetrical.

The optical device according to claim 1, wherein each of the asymmetrical
reflective elements have a shape selected from the group comprising: parabolic,
hyperbolic, planar, elliptical and arc of a circle, wherein the shapes are selected

to be asymmetrical.
The optical device according to claim 1, wherein both of the symmetrical
reflective elements are parabolic and a first asymmetrical reflective element is

parabolic and a second asymmetrical reflective element is planar.

The optical device according to claim 1, wherein the symmetrical reflective

elements are segmented reflective elements.

The optical device according to claim 1, wherein the asymmetrical reflective

elements are segmented reflective elements.

11
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10.

11.

12.

13.

14.

135.

The optical device according to claim 1, wherein the symmetrical reflective

elements further include refractive elements.

The optical device according to claim 1, wherein the asymmetrical reflective

elements further include refractive elements.

The optical device according to claim 1, wherein the reflector body further
comprises a third pair of walls and a fourth pair of walls, thereby resulting in the

reflector body having a substantially octagonal cross sectional shape

An array of optical devices according to claim 1, the array of optical devices

being a linear array.

An array of optical devices according to claim 1, the array of optical devices

being a planar array.

The array of optical devices according to claim 10 or 11, wherein each optical

device of the array of optical devices have identical orientations.

The array of optical devices according to claim 10 or 11, wherein the optical

devices of the array of optical devices have random orientations.

The array of optical devices according to claim 10 or 11, wherein the optical
devices of the array of optical devices have orientations forming a predetermined

pattern.

A light source comprising:

a) an array of two of more light-emitting elements for emitting light of one
or more colours;

b) an optical device including an entrance aperture, an exit aperture and a
reflector body extending between the entrance aperture and the exit
aperture, the reflector body including a first pair of walls positioned

orthogonal to a second pair of walls, said first pair of walls comprising

12
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16.

17.

18.

19.

20.

21.

symmetrical reflective elements, and said second pair of walls comprising
asymmetric reflective elements;
wherein the array of two or more light-emitting elements are positioned
proximate to the entrance aperture and wherein the reflector body is configured
to redirect and mix the light generated by the two or more light-emitting

elements.

The light source according to claim 15, wherein one or more of the two or more

light-emitting elements are primary light-emitting elements.

The light source according to claim 15 or 16, wherein one or more of the two or

more light-emitting elements are secondary light-emitting elements.

The light source according to claim 15 comprising three or more light-emitting

elements which emit light having colours including red, green and blue.

The light source according to claim 15 comprising four or more light-emitting

elements which emit light having colours including red, green, blue and amber.

The hight source according to claim 15 comprising four or more light-emitting

elements which emit light having colours including red, green, blue and cyan.
The light source according to claim 15 comprising five or more light-emitting

elements which emit light having colours including red, green, blue, amber and

cyan.
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