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(57) ABSTRACT 

A lighting system for generating an illumination product 
comprises an excitation source, blue/UV LED, operable to 
generate excitation radiation and a remotely located phos 
phor, photo luminescent material. Excitation radiation is 
guided from the excitation Source to the phosphor by a 
waveguiding medium, the waveguiding medium being con 
figured such that the distance the radiation travels from the 
excitation source to the phosphor layer is at least one centi 
meter in length. The UV/blue excitation source provides exci 
tation radiation to the phosphor(s), causing the phosphor(s) to 
photo luminesce, and it may also provide a component of the 
final illumination product. The configuration of the 
waveguide allows a greater flexibility in lighting system con 
figurations. Such as hanging lighting fixtures, desk lighting 
fixtures, floor standing lighting fixtures, desk lamps, track 
lighting, spot lighting, accent lighting, lighting panels, 
inspection lamps and endoscopes. 
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LIGHT EMITTING DODELIGHTING 
SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 60/901,837 filed Feb. 12, 2007 entitled 
“Illumination systems comprising UV/blue excitation radia 
tion waveguided to a remotely located phosphor” which is 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The field of the invention is directed to Light Emit 
ting Diode (LED) lighting/illumination systems/fixtures or 
luminaires. More specifically, the present embodiments are 
directed to LED lighting systems with phosphor, photo lumi 
nescent, wavelength conversion to generate a desired color of 
light. 
0004 2. Description of the Related Art 
0005. The introduction of solid state semiconductor 
devices such as semiconductor light emitting diodes (LEDs) 
has allowed a new generation of energy efficient lighting 
systems to come into existence. Today, most lighting fixture 
designs utilizing LEDs comprise systems in which an LED 
(or an LED array) replaces conventional system components 
such as incandescent bulbs, mercury vapor and compact fluo 
rescent lamps. LEDs often further include a phosphor, photo 
luminescent material, whose light, emitted in response to 
excitation radiation from the LED in the system, combines 
with light from the LED to produce the lighting system's 
illumination product. It is common in Such conventional sys 
tems to incorporate further elements such as a light reflection 
backplane, a light diffusing front plane, and color filter pig 
ments and paints. 
0006 U.S. Pat. No. 6,350,041 teaches a solid state lamp 
based on an LED which emits radially dispersed light for 
room illumination and other applications. The lamp com 
prises a solid state light source such as an LED or laser which 
transmits light through a separator to a disperser that dis 
perses the light in a desired patternand/or changes the color of 
light. In one embodiment, the light Source comprises a blue 
emitting LED, the separator is a light pipe or fiber optic device 
and the disperser disperses the light radially and converts 
some of the blue light to yellow to produce a white light 
illumination product. The separator spaces the LED a suffi 
cient distance from the disperser such that heat from the LED 
will not transfer to the disperser when the LED is carrying 
elevated currents as is necessary for room illumination. Such 
a lamp provides a Solid State light source that can disperse 
light in many patterns, but is particularly applicable to a radial 
dispersion of white light for room illumination enabling the 
lamp to be used as an alternative light Source in existing 
luminaires and lighting fixtures. 
0007 While such lighting system designs may have dem 
onstrated properties that are acceptable to Some customers, 
properties such as intensity, color temperature and color per 
ception, for instance, they lack flexibility in how the design 
components may be placed in the system. Phosphor layers are 
typically placed, for example, adjacent or in close approxi 
mation to a light emitting surface of the LED die/chip from 
whom they derive their excitation energy. Often, the phosphor 
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layer must be coated directly onto the LED die to achieve the 
desired intensity and color of the illumination being gener 
ated. 
0008. A need exists therefore for an improved illumina 
tion/lighting system based entirely on Solid-state compo 
nents, as before, but enhanced by providing greater flexibility 
in the placement of the components in the system. 

SUMMARY OF THE INVENTION 

0009 Embodiments of the present invention are directed 
to lighting systems comprising an excitation radiation source, 
which may for example be an LED or a laser diode, and a 
remotely located phosphor(s). Light from the excitation 
Source is transported to the phosphor via a waveguiding 
medium and provides excitation radiation to the phosphor(s) 
and/or phosphor layer(s), causing a photo luminescence. The 
light from the phosphor(s) may comprise the final illumina 
tion product, or it may be combined with any visible light 
from the radiation Source (which may occur, for example, in 
the case of a blue LED as the radiation source). The final 
illumination product may be white light, or any colored light. 
The presence of the waveguide transporting excitation radia 
tion (and possibly the blue light component of the final illu 
mination product) to the phosphor(s) allows greater flexibil 
ity in the design of the lighting system. Lighting system 
configurations allowed by the presence of the waveguide 
include for example hanging lighting fixtures/luminaires, 
desk lighting fixtures, table lamps, wall sconces, floor stand 
ing lamps, track lighting, spot lighting, accent lighting, 
inspection light, endoscope light and/or panel lighting. Typi 
cally, the distance the radiation travels from the excitation 
Source to the phosphor layer is at least one centimeter in 
length though it may be typically be 10 cm or more. In some 
embodiments, the peak emission wavelength of the light 
emitted by the blue/UV LED is greater than about 300 nm, 
and the peak emission wavelength of at least one component 
of the photo luminescent light emitted by the phosphor is 
greater than about 430 nm. 
0010. According to the invention a lighting system com 
prises: (a) an excitation source operable to generate excitation 
radiation; (b) a phosphor; and (c) a waveguide configured to 
guide the excitation radiation from the excitation source to the 
phosphor and wherein the configuration of the waveguide 
determines the configuration of the lighting system. The use 
of a waveguide enables new lighting system configurations 
and/or shapes to be fabricated since bulky components such 
as heat sinks, driver circuitry, and/or power converters can be 
located remote to the light emitting Surface(s). To maximize 
light output a reflective Surface can be provided on at least a 
part of at least one surface of the waveguide, the reflective 
Surface being configured to reflect excitation radiation toward 
a light emitting Surface of the waveguide. In one arrangement 
the distance the radiation travels from the excitation source to 
the phosphor layer is at least one centimeter in length, though 
it may typically travel 10, 50 or 100 cm in length. 
0011. In one arrangement the excitation source comprises 
a light emitting diode which is advantageously operable to 
emit UV/blue light, excitation radiation. 
0012. The waveguide can be configured to be in the shape 
of a lighting system Such as a hanging lighting fixture, a desk 
lighting fixture, a floor standing lighting fixture, a desk lamp, 
track lighting, spotlighting, accent lighting or a lighting panel 
for incorporation into a suspended ceiling. 
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0013. In one arrangement the phosphor is coated in layer 
form on at least a part of a light emitting Surface of the 
waveguide, for example an end Surface of an elongate 
waveguide. Alternatively, the phosphor is embedded in par 
ticulate form in at least a portion of the waveguide medium. 
Moreover, the light emitting Surface of the waveguide can 
further includes a surface topology to enhance emission of 
light from the Surface Such as a roughening of the Surface or 
a regular pattern. 
0014. The present invention finds particular application in 
lighting systems which produce a white light illumination 
product. The waveguide medium can comprise a glass, a 
plastics material Such as acrylic or a polymeric resin. 
0015. In one arrangement the peak emission wavelength 
of the light emitted by the excitation Source is greater than 
about 300 nm, and the peak emission wavelength of at least 
one component of the photo luminescent light emitted by the 
phosphor is greater than about 430 nm. Preferably, the peak 
emission wavelength of the light emitted by the excitation 
source is in a range from about 300 to about 500 nm, and at 
least one component of the photo luminescent light emitted 
by the phosphor is greater than about 500 nm. 
0016 To achieve a desired color of illumination productor 
color temperature the phosphor is a composition of at least 
two phosphors that emit light in the blue, green, yellow, 
orange, or red regions of the electromagnet spectrum. 
0017. According to a further aspect of the invention a 
method of generating a product illumination comprises: (a) 
generating excitation radiation from an excitation source; (b) 
waveguiding the excitation radiation to a phosphor config 
ured to photo lumines upon absorption of at least some of the 
excitation radiation; and (c) emitting waveguided excitation 
radiation from the excitation source and photo luminescent 
light from the phosphoras a combined product illumination. 
0018. In one embodiment an endoscope lighting system 
comprises: (a) a light emitting diode operable to generate 
excitation radiation of a first wavelength; (b) a flexible fiber 
waveguide configured to guide the excitation radiation from 
the light emitting diode to a distal end of the fiber waveguide: 
and (c) a lens provided at the distal end of the waveguide, said 
lens incorporating a phosphor operable to emit light of a 
second wavelength in response to the excitation radiation. 
0019. According to a further embodiment a lighting panel 
comprises: (a) a plurality of light emitting diodes operable to 
generate excitation radiation of a first wavelength; (b) a Sub 
stantially planar waveguide having a light emitting face; (c) a 
phosphor provided over Substantially the entire light emitting 
face and (d) a reflecting layer provided on at least the Surface 
of the waveguide opposite the light emitting face, the lighting 
panel being configured such that excitation radiation from the 
light emitting diodes is coupled into at least one edge of the 
waveguide such as to propagate substantially throughout the 
waveguide and is then emitted through the light emitting face 
where at least a part of the excitation radiation excites the 
phosphor which emits light of a second wavelength. Prefer 
ably, the lighting panel is configured to fit an aperture of a 
Suspended ceiling. The lighting panel can further comprise a 
heat sink around at least a part of the edged of the waveguide, 
the heat sink being in thermal communication with the plu 
rality of light emitting diodes. 
0020. According to a yet further embodiment a lighting 
system comprises: (a) at least one light emitting diode source 
operable to generate excitation radiation of a first wavelength; 
(b) a plurality offlexible optical fibers configured as a flexible 
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sheet and each fiber having a phosphor on at least a part of its 
outer Surface and (c) a flexible waveguide configured to 
couple excitation radiation from the excitation Source to at 
least one end of each fiber such that the excitation radiation 
propagates Substantially throughout the length of each fiber 
and is emitted through the light surface of each fiber and 
wherein at least a part of the excitation radiation excites the 
phosphor which emits light of a second wavelength. In one 
arrangement the fibers are woven as a flexible sheet and 
comprise the warp and/or weft of the sheet. Alternatively, the 
plurality of fibers can be mounted on a flexible backing mate 
rial. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. In order that the present invention is better under 
stood embodiments of the invention will now be described, by 
way of example only, with reference to the accompanying 
drawings in which: 
0022 FIG. 1 is an illustration of one embodiment of the 
present invention wherein the lighting system comprises a 
hanging lighting fixture; 
0023 FIG. 2 is an illustration of another embodiment of 
the present lighting system, wherein the system comprises a 
desk lighting fixture or table lamp; 
0024 FIG. 3 is an illustration of another embodiment of 
the present invention, wherein the system comprises a spot 
lighting fixture; 
0025 FIG. 4 is a partially exploded schematic representa 
tion of a lighting panel; 
0026 FIG. 5 is a schematic representation of an inspection 
light in accordance with the invention; and 
0027 FIG. 6 is a representation of a lighting system in 
accordance with the invention comprising a flexible sheet. 

DETAILED DESCRIPTION OF THE INVENTION 

0028. According to the present embodiments, a lighting 
system comprises three components: 1) an excitation source, 
typically a blue or UV emitting LED, 2) a remotely located 
phosphor, photo luminescent, material which may be coated 
as a layer on or incorporated in a system component, and 3) a 
waveguide media for transporting excitation radiation from 
the excitation Source to the phosphor. In these embodiments 
the blue (e.g. 460 nm) emitting LED serves two purposes: one 
is to function as a source of excitation radiation needed to 
cause luminescence of the remotely located phosphor and the 
second is to contribute to the light which forms the final 
illumination product. The waveguide media can be either 
solid or liquid in form, but is most often solid to most effi 
ciently guide or transport the excitation radiation. Simulta 
neously, the waveguide (or parts thereof) may carry the blue/ 
UV light from the LED chip that is not absorbed by a 
phosphor, this light instead contributing to the illumination 
product formed by combining LED-originated light and 
phosphor-originated light. 

The Shape of the Waveguide Can Determine the Configura 
tion of the Lighting System 
0029. The shape and/or configuration of the waveguide 
can determine, at least in part, the configuration and appear 
ance that the present lighting system assumes. In some 
embodiments, the blue or UV-emitting LED chip may be 
embedded inside the waveguide media or positioned adjacent 
to the waveguide to ensure efficient coupling of the LED 
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excitation radiation/light into the waveguide. The LED light 
may then be guided to a light output structure having a Surface 
(external or internal) coated with the phosphor layer. The 
phosphor within this structure generates light with a desired 
emission-peak wavelength and the Surface of the output struc 
ture is optimized for light extraction, by for example a Surface 
topology Such as a roughening of the Surface. The presence of 
the waveguide allows for the lighting system to be configured 
in virtually any shape, allowing for highly efficient phosphor 
conversion, and the ability to aim the product illumination in 
a desired direction. The present lighting system further allows 
more convenient inclusion of a heat sink adjacent to the LED 
chip, since the output of the product illumination is located at 
a distant position. The color of the light delivered by the 
phosphor-coated output Surface is controlled in part by the 
thickness and emission characteristics of the phosphor. 

Description of Preferred Embodiments 

0030 FIG. 1 is an illustration of one embodiment of the 
present invention in which the lighting system comprises a 
hanging lighting fixture 10. In this example, a blue (wave 
length in a range 450 to 460 nm) or UV-emitting (soft UV 400 
to 420 nm) LED 11 is mounted at a first end of a light 
waveguiding medium 12, which may be referred to as a 
“waveguide'. The waveguide 12 can be fabricated from any 
material that is substantially transparent to the excitation 
radiation, blue/UV light, and can typically comprise a plastics 
material Such as acrylic, butyrate or a glass. At an opposite 
end (distal end) of the waveguide 12 is a light output Surface 
13 of the waveguide, which in the embodiment illustrated is 
coated with a layer of the phosphor, photo luminescent, mate 
rial 14. Examples of phosphor materials are given in table 1 
below together with their CIE chromaticity coordinates CIE 
(X) and CIE (y). The phosphor can be applied as a layer using 
a binder material such as silicone gel. The first end of the 
waveguide may have a reflective surface 15 for directing light 
that strikes it back towards the output surface end 13 of the 
waveguide. The blue/UV LED 11 may be mounted on a heat 
sink 16, to absorb any excess heat produced by the LED. 
Additionally the heat sink 16 can be configured to support the 
fixture during installation and house a power Supply to enable 
the fixture to be driven directly from a mains supply. 
0031. In operation light (excitation radiation) 17 emitted 
by the LED 11, which is of a first wavelength range w, is 
guided by the waveguide 12 to the light emitting surface 13 
where it causes excitation of the phosphor material 14 which 
re-emits light of a second longer wavelength range W. Light 
18 output from the second end of the waveguide which com 
prises the final illumination product is a combination of the 
emitted excitation radiation (0) 18a and the light 18b emitted 
by the phosphor (W). The illumination product 18 can be 
emitted in an isotropic manner, that is to say, in all directions; 
or it may be either fully focused or only partially focused 
depending on the configuration of the light emitting Surface. 
The path length that the blue/UV light, excitation radiation, 
17 travels along the waveguide 12, from the LED 11 to the 
phosphor layer 14 on the output surface 13, is typically at least 
one centimeter (cm), and in other embodiments may be 
greater than about 10 cm, 50 cm, or 100 cm. The lighting 
fixture 10 is suspended by a cable 19 used to additionally 
supply electrical power to the fixture. In FIG. 1, which is a 
schematic representation, the excitation radiation/light 17 is 
depicted as traveling in a straight line though it will be appre 
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ciated that in practice light will be guided by total internal 
reflection within the waveguide through a process of multiple 
internal reflections. 

0032. In the embodiment of FIG. 1, to aesthetically 
enhance the appearance of the lighting fixture, blue excitation 
light 18c is allowed to exit from the walls of the waveguide 12. 
In other embodiments the external surface of the waveguide 
12: can be covered, partially or completely, with an opaque or 
reflective material to prevent emission of the excitation radia 
tion; can be covered at least in part with one or more colored 
filters to impart a desired color to the emission 18c: or can 
have one or more phosphor materials provided on at least a 
part of the outer surface to generate a different color light 18c 
or the same color light as the product illumination 18. 
0033 FIG. 2 is an illustration of another embodiment of a 
lighting system in accordance with the invention, wherein the 
system comprises a desk lighting fixture 20, desk or table 
lamp. Here, the waveguide media comprises two parts, a first 
part comprising a solid cylindrical rod 21 which is optically 
coupled to a base of a second part 22 which is shaped Sub 
stantially as a Solid-angle cone. The base of the cone forms the 
light output surface 23 of the waveguide. In this embodiment, 
the base of the cone 22 is coated with a phosphor layer 24. The 
blue/UV LED 25 is mounted at a distal end of the axial rod 21 
which is positioned normal to the base of the cone 22, inter 
secting the base at its centre. As in the previous configuration, 
the LED 25 may be mounted on a heat sink 26 which itself is 
in thermal communication with a base 27. 

0034. In operation, blue/UV light 28 from the LED 25 
travels up from the distal end of the rod shaped waveguide 21, 
through the waveguide 21, to the Solid angle cone portion 22. 
Once inside the cone 22, the blue/UV light may be routed in 
various desired patterns, or it may be reflected off the curved 
Surfaces of the cone in a diffuse manner, eventually striking 
the phosphor layer 24 covering the base of the cone. Visible 
blue light 29a from the blue/UV LED 25, and photo lumines 
cent light from the phosphor(s) 29b in the coating, are emitted 
from the base of the cone, and in combination comprise the 
illumination product 29. The path length traveled by the blue/ 
UV light through the waveguide, from the LED to the phos 
phor layer on the output Surface, will vary depending on the 
number of reflections that occur on the surfaces of the cone 
portion of the waveguide. Again, the path length of the 
waveguide is at least one centimeter (cm), but in other 
embodiments may be greater than about 10 cm, 50 cm or 100 
C 

0035. As with the hanging light fixture some blue excita 
tion radiation 29c can be emitted through the curved surface 
of the cone shaped waveguide and/or rod shaped waveguide. 
As will be apparent to those skilled in the art, in other embodi 
ments the external Surface of one or both waveguide parts 21, 
22: can be covered, partially or completely, with an opaque 
material to prevent emission of the excitation radiation; can 
be covered at least in part with one or more colored filters to 
impart a desired color to the emission 18c, or can have one or 
more phosphor materials provided on at least a part of the 
outer surface to generate a different color light 18c or the 
same color light as the product illumination 18. In another 
embodiment a patterned colored filter or colored phosphor 
pattern can be provided on the outer Surface of one or more 
waveguides. In yet further embodiments the solid cone can be 
replaced with a hollow conical shell with an inner reflecting 
Surface and the phosphor provided on a transparent/translu 
cent window enclosing the open base of the cone. 
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0.036 FIG. 3 is an illustration of another embodiment of 
the present invention, wherein the system comprises what 
may be described as spotlighting, and/or accent lighting 30. 
Here again, the blue/UV LED31 is mounted on aheatsink32. 
some surfaces of which have been coated with a reflective 
material to maximize coupling of light into the waveguide. 
The waveguide 33 is configured to transport excitation light 
34 according to a desired distribution pattern to a plurality of 
light output surfaces 35. The operation of the lighting system 
is analogous to the operation of the other embodiments and 
the illumination product 36 comprises the combined light 
from the LED 36a and phosphor 36b. To enable the light 
output to be directed in a desired direction the various parts of 
the waveguide 35 can be pivotally or flexibly coupled 
together. 
0037 FIG. 4 is a partially exploded schematic representa 
tion of a lighting panel 40 in accordance with the invention. 
The example lighting panel is intended for use in a suspended 
(drop) ceiling of a type that are commonly used in offices and 
commercial premises in which a grid of Support members (T 
bars) are suspended from the ceiling by Steel cables and 
ceiling tiles Supported by the grid of Support members. The 
ceiling tiles can be square (60 cmx60 cm) or rectangular (4 
feetx2 feet) in shape and fluorescent light fittings are config 
ured to fit within Such size openings. 
0038. In accordance with the invention the lighting panel 
comprises a square/rectangular sheet of waveguide material 
41, which is dimensioned such that the lighting fixture, 
including heat sinks around the peripheral edge of the panel, 
will fit into a tile aperture of a standard Suspended ceiling. A 
series of blue or UV-emitting LEDs 42 are mounted in corre 
sponding apertures 43 within the edges of the planar 
waveguide 41. In the example illustrated LEDs 42 are pro 
vided along two orthogonal edges though in other embodi 
ments they can be provided along one, two, three or all edges 
of the waveguide. The waveguide 41 can be constructed from 
any material which is Substantially transparent to the excita 
tion radiation and can typically comprise a sheet plastics 
material Such as acrylic. 
0039. As illustrated, on a lower face of the planar 
waveguide 41 there is provided a layer of phosphor, photo 
luminescent, material 44. On the upper face of the planar 
waveguide 41, that is the face directed toward the Supporting 
ceiling, there is provided a layer of highly reflective material 
45 to ensure the majority of light is emitted from the lower 
face of the panel. The blue/UV LEDs 42 are mounted on a 
heat sink 46 (only one of which is illustrated in FIG. 4) which 
is configured along the edge of the lighting panel. To maxi 
mize light output the edges of the planar waveguide 41 can 
additionally include a reflecting Surface. 
0040. In operation light (excitation radiation) 47 emitted 
by the LEDs 42, which is of a first wavelength range w, is 
coupled into the waveguide 41 and is guided over the entire 
surface of the waveguide 41. Light which is emitted through 
the lower face causes excitation of the phosphor material 44 
which re-emits light of a second longer wavelength range W. 
Light 48 output from the lower face of the waveguide panel 
which comprises the final illumination product is a combina 
tion of the emitted excitation radiation (w) 48a and the light 
48b emitted by the phosphor (). Typically, the illumination 
product will be white light and the phosphor layer can com 
prise a mixture of green (525 to 535 nm) and orange (590 to 
610 nm) emissive phosphors which are activated by blue 
light. The correlated color temperature (CCT), measured in 
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degrees Kelvin, of light produced by the panel can be selected 
by the quantity, thickness, and composition of phosphor 
materials. In other arrangements the panel can be configured 
to produce colored light by appropriate selection of the phos 
phor material, thickness and excitation source. 
0041. To enhance the extraction of light, the surface of the 
waveguide panel advantageously includes some surface 
topology Such as a roughening of the Surface or a regular 
patterning of the Surface. In alternative embodiments the 
phosphor can be incorporated within the waveguide medium 
in the form of Suspended particles. An advantage of the light 
ing system of the invention is the compact nature, especially 
overall thickness, of the fixture which can be the same as the 
thickness of the planar waveguide. Although the lighting 
panel is described as being for use in a suspended ceiling it 
can also be used on a wall, flush with a ceiling, as a part of a 
floor or any horizontal Surface Such as a counter top or other 
planar Surfaces such as stair treads or risers. Moreover, the 
panel can be used as a part of a structural component of a 
building or piece of furniture. In the case of stair treads or 
risers the wave waveguide preferably comprises a laminated 
glass construction with the phosphor being incorporated 
within one of the intervening laminations. In addition to flat 
panel lighting it will be appreciated that the waveguide can be 
fabricated into curved surfaces or other form as desired. 

0042 FIG.5 is a schematic, partially exploded, illustration 
of another embodiment of the present invention, wherein the 
system comprises an inspection light 50 for use in applica 
tions where is access is limited and in which the light can be 
readily configured to provide illumination in a desired direc 
tion. Here the optical waveguide comprises a flexible optical 
fiber 51 which can include a resilient outer sheath to maintain 
the fiber in the desired configuration. A blue/UV LED 52 is 
mounted on a heat sink 35 that is configured to attach to the 
fiber 51 and couple light from the LED into the fiber. At a 
distal end of the fiber 51 a lens 54 incorporating the phosphor 
material is provided. The operation of the inspection light is 
analogous to the operation of the other embodiments and the 
illumination product 55 comprises the combined light from 
the LED 55a and phosphor 55b. The inspection light is par 
ticularly Suited to applications where access is restricted or 
otherwise impaired and finds particular application as a light 
Source in an endoscope or catheter (lumen) as used for 
example in keyhole Surgery or as a dental inspection lamp 
which can be incorporated in a dentistry drill or other tool. In 
medical applications the lens can be detachable and replaced 
for each operation. In other embodiments the inspection light 
can also be mounted on a weighted base and the lamp them 
directed in a desired direction analogous to an angle poise 
desk lamp. Moreover, the base can provide thermal manage 
ment of the LED by acting as a heat sink and can incorporate 
driver circuitry and/or AC to DC converter circuitry. 
0043 Referring to FIG. 6 there is shown a further lighting 
system 60 in accordance with the invention which comprises 
a light emitting flexible sheet. In this embodiment the 
waveguide comprises a plurality of flexible optical fibers or 
filaments 61 which are attached to a flexible sheet backing 
material 62. The sheet material 62 can comprise any flexible 
material Such as for example woven cloth, paper or a thin 
plastics material and can be transparent, translucent or 
opaque. Each fiber 61, which can comprise acrylic, has a 
phosphor coating on its outer Surface (represented as a dotted 
pattern in FIG. 6) and in the example illustrated the fibers 61 
are arranged in parallel although other patterns will be readily 
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apparent to those skilled in the art Such as a wavy pattern, 
ZigZag etc. For ease of fabrication the fibers can have a cir 
cular cross section and can be fabricated by drawing a rod of 
material. In alternative arrangements they can have different 
cross sections such as for example elliptical or square. The 
fibers 61 are configured such that at least one end of each is 
accessible from a single edge of the material; as illustrated the 
ends of the fibers are accessible from the top and bottom 
edges. 
0044) Excitation energy 63 (of wavelength v) from a 
plurality of blue LEDs 64 is coupled into the fibers 61 by a 
flexible light guide 65. The flexible light guide 65, which can 
be made of acrylic, can be molded onto the edge of the 
material/fibers 62/61 or include a slot for receiving the mate 
rial/fibers. The LEDs 64 can be mounted in corresponding 
recesses 66, which as illustrated are in an upper surface of the 
flexible light guide 64 or molded as a part of the light guide 
65. The LEDs are preferably low power to eliminate the need 
for heat sinking the LEDs. The flexible waveguide 65 further 
includes a reflecting layer on its upper and side faces to 
maximize light output from the lower face which is coupled 
into the fibers. Light output 66, illumination product, from the 
lighting system 60 can comprise a combination of the exci 
tation radiation (w) and light generated by the phosphor (W). 
0045 Operation of the lighting system 60 is analogous to 
the operation of the other embodiments. Excitation radiation, 
light, 63 generated by the LEDs 64 is dispersed along the 
length of the light guide 65 and is coupled into the fibers 61 
where it excites the phosphoras it propagates along the length 
of the fibers. The lighting system of the embodiment of FIG. 
6 finds particular application as decorative or accent lighting 
and can be used for example as a drape curtain, wall hanging 
or a ceiling covering. Preferably the light emitting sheet mate 
rial/fiber is manufactured in long lengths of standard width 
which can be cut to length and width and the flexible light 
guide 65 includes inter-cooperating plug and Socket connec 
tors to enable differing lengths of light guide to be produced 
in a modular fashion. 

0046. In a further embodiment the optical fibers 61 can be 
woven as part of a cloth in which the fibers comprise the warp 
and/or weft of the woven material. Alternatively, the cloth can 
be woven from fibers alone, though light would then need to 
be coupled into at least two edges of the material. Moreover, 
fibers coated in phosphors which emit different colors of light 
can be used to give a desired color pattern. Alternatively, the 
sheet material can be fabricated by laying the fibers over one 
another in a desired pattern and thermally bonding them 
together. 
0047. It will be appreciated that the present invention is 
not restricted to the specific embodiments described and that 
variations can be made that are within the scope of the inven 
tion. For example other lighting systems/fixtures/luminaires 
will be readily apparent to those skilled in the art by appro 
priate configuration of the waveguide Such as for example a 
bollard lamp, wall Sconces, chandeliers etc. To improve uni 
formity of the light output intensity the lighting system can 
further include a light diffusing material. In one arrangement 
this can be included within or on the light emitting surface of 
the waveguide. 
0048. A modular lighting system is also envisaged which 
comprises a set of cooperating waveguide members, such as 
splitters/dividers, straight, curved and flexible waveguide 
sections etc., which can then be used to construct different 
lighting systems as required. 
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0049 Advantageously, the lighting system includes an 
LED chip having a peak emission wavelength greater than 
about 300 nm and preferably with a wavelength greater than 
450 nm (blue) so that the excitation radiation can be used as 
a part of the illumination product. 
0050. In some embodiments the phosphor may be mixed 
into a host matrix that may comprise a paint or a resin, 
wherein the phosphor is impregnated into the host matrix at a 
concentration designed to impart to the product illumination 
the desired values of chromaticity, color rendering, tempera 
ture and intensity. At least a portion of a surface of the 
waveguide may be coated with the phosphor-containing host 
matrix. In other embodiments the phosphor may be blended 
in a polymeric or glass-based host matrix at a concentration 
Such that at least a portion of the waveguide media is provided 
for by the phosphor-containing polymeric or glass-based host 
matrix. 
0051. The illumination product can be substantially white 
light in which case the LED chip has a peak emission wave 
length greater than about 300 nm and a yellow or orange? 
green phosphor. The composition, amount, concentration, 
and distribution of the phosphor within or on the lighting 
system's output surface may be carefully controlled to 
achieve the desired color rendering of the product white light. 
Proper variation of those parameters will produce a white 
light that may appear Substantially different, with as much 
bluish or yellowish character as the designer wishes. 

TABLE 1 

Examples of blue/UV activated phosphor, photo luminescent, materials. 

Chromaticity 
Color of coordinates 

emitted light CIE (x) CIE (y) Phosphor composition 

Green O.25 0.63 Sro.925 Balo25Mgolos Euloossilio3O4Clo.12 
Yellow O41 0.56 Sri 4oBao.55 Mgolos Euloossilio3O4Clo.12 
Yellow 0.44 0.53 Sri 6Bao.35Mgolos Euloossilio3O4Clo.12 
Yellow O46 0.51 Sr.,725 Bao.225Mgolos Euloossilio3O4Clo.12 
Yellow O.47 0.50 Sri.725 Bao. 15Mgolos Euloossilio3O4Clo.12 
Orange O.S4 0.46 Sir Euloossio2Os Fols 
Orange 0.55 0.44 Sr., EuologSi102O5Fo. 18 
Orange 0.57 0.42 (SrogBao.1)2.76Euloossilo2O5Fo. 18 

What is claimed is: 
1. A lighting system comprising: 
(a) an excitation source operable to generate excitation 

radiation; 
(b) a phosphor; and 
(c) a waveguide configured to guide the excitation radia 

tion from the excitation source to the phosphor; wherein 
the configuration of the waveguide determines the con 
figuration of the lighting system. 

2. The lighting system according to claim 1, and further 
comprising a reflective Surface provided on at least apart of at 
least one surface of the waveguide, the reflective surface 
being configured to reflect excitation radiation toward a light 
emitting Surface of the waveguide. 

3. The lighting system according to claim 2, wherein the 
distance the excitation radiation travels from the excitation 
Source to the phosphor is at least one centimeter in length. 

4. The lighting system of claim 1, wherein the excitation 
Source comprises a light emitting diode. 

5. The lighting system of claim 1, wherein the excitation 
radiation comprises UV/blue light. 
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6. The lighting system of claim 1, wherein the waveguide is 
configured to be in the shape of a system selected from the 
group consisting of hanging lighting fixtures, desk lighting 
fixtures, floor standing lighting fixtures, desk lamps, track 
lighting, spotlighting, accent lighting, inspection light, endo 
Scope light and lighting panel. 

7. The lighting system of claim 1, wherein the phosphor is 
coated in layer form on at least a part of a light emitting 
Surface of the waveguide. 

8. The lighting system of claim 1, wherein a light emitting 
Surface of the waveguide further includes a Surface topology 
to enhance emission of light from the Surface. 

9. The lighting system of claim 1, wherein the phosphor is 
embedded in particulate form in at least a portion of the 
waveguide medium. 

10. The lighting system of claim 1, wherein the lighting 
system produces a white light illumination product. 

11. The lighting system of claim 1, wherein the waveguide 
is a medium selected from the group consisting of polymeric 
resins, acrylic, butylate and glasses. 

12. The lighting system of claim 1, wherein the peak emis 
sion wavelength of the light emitted by the excitation source 
is greater than about 300 nm, and the peak emission wave 
length of at least one component of the photo luminescent 
light emitted by the phosphor is greater than about 430 nm. 

13. The lighting system of claim 1, wherein the peak emis 
sion wavelength of the light emitted by the excitation source 
is in a range from about 300 to about 500 nm, and at least one 
component of the photo luminescent light emitted by the 
phosphor is greater than about 500 nm. 

14. The lighting system of claim 1, wherein the phosphoris 
a composition of at least two phosphors. 

15. The lighting system of claim 13, wherein the phosphor 
composition contains at least one phosphor selected from the 
group consisting of phosphors that emit light in the blue, 
green, yellow, orange, and red regions of the electromagnet 
spectrum. 

16. A method of generating a product illumination, the 
process comprising: 

(a) generating excitation radiation from an excitation 
Source: 

(b) waveguiding the excitation radiation to a phosphor 
configured to photo luminesce upon absorption of at 
least Some of the excitation radiation; and 

(c) emitting waveguided excitation radiation from the exci 
tation source and photo luminescent light from the phos 
phor as a combined, product illumination. 

17. The method according to claim 16, and further com 
prising providing a reflective surface provided on at least a 
part of at least one surface of the waveguide, the reflective 
Surface being configured to reflect excitation radiation toward 
a light emitting Surface of the waveguide. 
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18. The method according to claim 16, wherein the dis 
tance the excitation radiation travels from the excitation 
Source to the phosphor is at least one centimeter in length. 

19. An endoscope lighting system comprising: 
(a) a light emitting diode operable to generate excitation 

radiation of a first wavelength; 
(b) a flexible fiber waveguide configured to guide the exci 

tation radiation from the light emitting diode to a distal 
end of the fiber waveguide; and 

(c) a lens provided at the distal end of the waveguide, said 
lens incorporating a phosphor operable to emit light of a 
second wavelength in response to the excitation radia 
tion. 

20. A lighting panel comprising: 
(a) a plurality of light emitting diodes operable to generate 

excitation radiation of a first wavelength; 
(b) a Substantially planar waveguide having a light emitting 

face; 
(c) a phosphor provided over the substantially the entire 

light emitting face; and 
(d) a reflecting layer provided on at least the surface of the 

waveguide opposite the light emitting face, the lighting 
panel being configured such that excitation radiation 
from the light emitting diodes is coupled into at least one 
edge of the waveguide Such that the excitation radiation 
propagates Substantially throughout the waveguide and 
is then emitted through the light emitting face and 
wherein at least a part of the excitation radiation excites 
the phosphor which emits light of a second wavelength. 

21. The lighting panel of claim 20, wherein the lighting 
panel is configured to fit an aperture of a suspended ceiling. 

22. The lighting panel of claim 20, and further comprising 
a heat sink around at least a part of the edged of the 
waveguide, the heat sink being in thermal communication 
with the plurality of light emitting diodes. 

23. A lighting system comprising: 
(a) at least one light emitting diode source operable to 

generate excitation radiation of a first wavelength; 
(b) a plurality of flexible optical fibers configured as a 

flexible sheet and each fiber having a phosphor on at 
least a part of its outer Surface; and 

(c) a flexible waveguide configured to couple excitation 
radiation from the excitation source to at least one end of 
each fiber such that the excitation radiation propagates 
substantially throughout the length of each fiber and is 
emitted through the light surface of each fiber and 
wherein at least a part of the excitation radiation excites 
the phosphor which emits light of a second wavelength. 

24. The lighting system of claim 23, wherein the fibers are 
woven as a flexible sheet and comprise the warp and/or weft 
of the sheet. 

25. The lighting system of claim 23, wherein the plurality 
of fibers are mounted on a flexible backing material. 

c c c c c 


