wo 2016/109940 A1 I 1N OO OO 0 A OO A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

14 July 2016 (14.07.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/109940 A1

(51

eay)

(22)

(25)
(26)
1

(72)
1

International Patent Classification:
F21V 9/10 (2006.01) GO9F 9/33 (2006.01)

International Application Number:
PCT/CN2015/070191

International Filing Date:
6 January 2015 (06.01.2015)

English
Publication Language: English

Applicant: GE LIGHTING SOLUTIONS, LLC
[US/US]; 1975 Noble Road, Bldg. 338, Nela Park, East
Cleveland, Ohio 44112 (US).

Filing Language:

Inventors; and

Applicants (for US only): FU, Yingchun [CN/CN]; GE
Lighting, 1800 Cai Lun Road, ZhangJiang Hi-Tech Park,
Shanghai 201203 (CN). XU, Chenjie [CN/CN]; GE Light-
ing, 1800 Cai Lun Road, ZhangJiang Hi-Tech Park, Shang-
hai 201203 (CN). REN, Xiaojun [CN/CN]; GE Lighting,
1800 Cai Lun Road, ZhanglJiang Hi-Tech Park, Shanghai

(74

(8D

201203 (CN). CAL Dengke [CN/US]; GE Lighting, 1975
Noble Road, Nela Park, East Cleveland, Ohio 44112 (US).
HE, Jianmin [CN/US]; GE Lighting, 1975 Noble Road,
Nela Park, East Cleveland, Ohio 44112 (US). BU-
GENSKE, Matthew A. [US/US]; GE Lighting, 1975
Noble Road, Nela Park, East Cleveland, Ohio 44112 (US).

Agent: CHINA PATENT AGENT (H.K.) LTD.; 22/F,
Great Eagle Center, 23 Harbour Road, Wanchai, Hong
Kong (CN).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: MATERIALS AND LIGHTGUIDES FOR COLOR FILTERING IN LIGHTING UNITS

30
//
28 b
,// " “\’\16
)

(57) Abstract: Materials and lightguides formed thereof that
are suitable for use in lighting units to impart a color filter-
ing effect to visible light. At least a portion of such a light-
guide(16) is formed of a composite material comprising a
polymeric matrix material and an inorganic particulate ma-
terial that contributes a color filtering effect to visible light
passing through the composite material, and the particulate
material comprises a neodymium compound containing Nd
** jons.



WO 2016/109940 A1 |00V A 0 00 O AR

(84) Designated States (unless otherwise indicated, for every SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
kind of regional protection available). ARIPO (BW, GH, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, .
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, Kz, RU, Tublished:
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, —  with international search report (Art. 21(3))
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,




WO 2016/109940 PCT/CN2015/070191

MATERIALS AND LIGHTGUIDES FOR
COLOR FILTERING IN LIGHTING UNITS

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to lighting systems and related
technologies. More particularly, this invention relates to materials and methods suitable
for imparting color filtering effects to light sources, nonlimiting examples of which
include edge-lit lighting units comprising a lightguide coupled with a light source (for
example, one or more light-emitting diodes (LEDs)) at an edge of the lightguide.

[0002] LED lamps (bulbs) are capable of providing a variety of advantages over more
traditional incandescent and fluorescent lamps, including but not limited to a longer life
expectancy, high energy efficiency, and full brightness without requiring time to warm up.
As known in the art, LEDs (which as used herein also encompasses organic LEDs, or
OLEDs) are solid-state semiconductor devices that convert electrical energy into
electromagnetic radiation that includes visible light. An LED typically comprises a chip
(die) of a semiconducting material doped with impurities to create a p-n junction. The
LED chip is electrically connected to an anode and cathode, all of which are often
mounted within a package. LEDs emit visible light that is more directional in a
narrower beam as compared to other light sources such as incandescent and fluorescent
lamps. As such, LEDs have traditionally been utilized in applications such as
automotive, display, safety/emergency, and directed area lighting. However, advances
in LED technology have enabled high-efficiency LED-based lighting systems to find
wider use in lighting applications that have traditionally employed other types of lighting
sources, including omnidirectional lighting applications previously served by
incandescent and fluorescent lamps. As a result, LEDs are increasingly being used for

area lighting applications in residential, commercial and municipal settings.
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[0003] FIGS. 1 and 2 schematically represent a portion of an edge-lit light fixture or
luminaire 10 that includes a light source 12 (FIG. 2) disposed in a fixture housing 14.
The light source 12 is represented in FIG. 2 as comprising an LED device, which can be
one of any number of LEDs in an array within the fixture housing 14, with the LEDs
typically facing in the same direction and each LED effectively being a discreet point
light source.  As such, the fixture housing 14 is configured to point the LED devices 12
in a direction to direct the light emanating from the luminaire 10. As a nonlimiting
example, the luminaire 10 can be configured to illuminate the shelving and contents of a
commercial refrigerated display case. Another type of edge-lit luminaire is referred to
as a recessed troffer, which is commonly used for drop ceilings in commercial and retail
space. Still other applications for edge-lit luminaires include signage, an example of

which is "exit" signs commonly used in commercial and retail space.

[0004] For illumination applications of the types noted above, the luminaire 10 is
shown as further comprising a lightguide 16 having an edge 18 (FIG. 2) disposed in
proximity to the array of LED devices 12. As known in the art, the lightguide 16 is an
optic component commonly employed in edge-lit technologies. Lightguides are formed
to have a surface microstructure adapted to achieve total internal reflection (TIR) to
direct light from a light source to a desired application space. The lightguide 16 may be
visible from multiple directions, and is typically desired to have a uniform luminance
while illuminating a specified area with a desired light level. Depending on the
particular application, materials commonly employed to produce lightguides include
optical grade transparent materials such as acrylics, though various other materials may
be used, for example, polyamides (nylon), polycarbonate (PC), polystyrene (PS), and
polypropylene (PP).

[0005] Because LED devices emit visible light in narrow bands of wavelengths, for
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example, green, blue, red, etc., combinations of different LED devices are often
combined in LED-based lamps to produce various light colors, including white light.
The LED devices are often mounted on a carrier, and may be encapsulated on the carrier,
for example, with a protective cover, often formed of an index-matching material to
enhance the efficiency of visible light extraction from the LED devices. As a
nonlimiting example, FIG. 2 represents the LED device 12 mounted on a carrier 20 and
enclosed by a dome 22 that serves as an optically transparent or translucent envelope
enclosing an LED chip (not shown) on the carrier 20. A phosphor may also be used to
emit light of color other than what is generated by an LED. For this purpose, the inner
surface of the dome 22 may be provided with a coating that contains a phosphor
composition, in which case electromagnetic radiation (for example, blue visible light,
ultraviolet (UV) radiation, or near-visible ultraviolet (NUV) radiation) emitted by the
LED chip can be absorbed by the phosphor composition, resulting in excitation of the
phosphor composition to produce visible light that is emitted through the dome 22. As
an alternative, the LED chip may be encapsulated on the carrier 20 with a coating, and
such a coating may optionally contain a phosphor composition for embodiments in which

LED-phosphor integration with LED epitaxial (epi) wafer or die fabrication is desired.

[0006] Though the use of combinations of different LED devices and/or phosphors
can be utilized to promote the ability of luminaires equipped with lightguides to produce
desired lighting effects, certain desirable lighting effects can be somewhat challenging to
achieve with such approaches. A notable example is the lighting effect achieved with
the REVEAL?7 line of incandescent bulbs commercially available from GE Lighting,
which are produced to have an outer jacket formed of a glass doped with neodymium
oxide (neodymia, Nd,Os) to filter certain wavelengths of light. Lighting effects similar
to that achieved with the REVEAL?7 line of incandescent bulbs would also be desirable

for luminaires equipped with lightguides.
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BRIEF DESCRIPTION OF THE INVENTION

[0007] The present invention provides materials and lightguides formed thereof that
are suitable for use in lighting units to impart color filtering effects to light sources, and
particularly edge-lit lighting units comprising lightguides coupled with LED-based light

sources.

[0008] According to one aspect of the invention, at least a portion of a lightguide is
formed of a composite material comprising a polymeric matrix material and an inorganic
particulate material that contributes a color filtering effect to visible light passing through
the composite material, and the particulate material comprises a neodymium compound

PO 3+ -
containing Nd”" 1ons.

[0009] According to another aspect of the invention, a lighting unit includes a light
source that emits visible light and a lightguide configured and arranged so that at least a
portion of the visible light of the light source passes therethrough. The portion of the
lightguide is formed of a composite material comprising a polymeric matrix material and
an inorganic particulate material that contributes a color filtering effect to the visible light
passing through the portion, and the particulate material comprises a neodymium

.o 3+ .
compound containing Nd~ ions.

[0010] Additional aspects of the invention include utilization of a composite material
of a type described above, wherein the neodymium compound can be present as discrete
particles or as a dopant in the particulate material to promote refractive index matching of
the particulate material and the polymeric matrix material sufficient to impart a low-haze
optical effect to visible light emitted by the lighting unit, believed to be due at least in

part to minimizing Mie scattering.
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[0011] Technical effects of the composite materials, lightguides, and lighting units
described above preferably include the capability of providing a desirable color filtering
effect, and preferably with the capability of matching the refractive index of the matrix
material to minimize optical scattering of light passing through the composite materials

and lightguides.

[0012] Other aspects and advantages of this invention will be better appreciated from
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 schematically represents a perspective view of an edge-lit luminaire of
a type capable of benefitting from the inclusion of a lightguide containing a
neodymium-fluoride composition in accordance with a nonlimiting embodiment of this

mvention.

[0014] FIG. 2 schematically represents a partial cross-sectional view of the edge-lit

luminaire of FIG. 1.

[0015] FIG. 3 is a graph representing the absorption spectra observed for NdF; and
NaNdF,4 nanocrystals, and FIG. 4 is a graph representing the upconversion fluorescence
spectra for NdF; and NaNdF, nanocrystals when subjected to an excitation frequency

(Aexc) of 800 nm and an excitation power of 240 mW.

[0016] FIG. 5 is a graph representing optical transmission characteristics of NdF;

dispersed in a silicone matrix, in comparison to that of an Nd,O3-doped glass.

DETAILED DESCRIPTION OF THE INVENTION
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[0017] The following discussion will make reference to the LED-based luminaire 10
represented in FIGS. 1 and 2. However, it should be appreciated that lighting units and

LED devices of various other configurations are also within the scope of the invention.

[0018] As previously discussed, the luminaire 10 represented in FIGS. 1 and 2
includes an array of LED devices 12, one of which is schematically depicted in FIG. 2.
The LED devices 12 serve as the light source or light engine of the edge-lit luminaire 10.
Any number of LED devices 12 can be utilized with the luminaire 10, with the number
and spacing therebetween depending on the desired amount of light output and the
distribution of light desired. The luminaire 10 may be one of a plurality of luminaires
arranged and potentially assembled together to provide a fixture with a desired light

output level.

[0019] As previously discussed in reference to FIG. 2, each LED device 12 can be
enclosed by a dome 22 and mounted on a carrier 20 located in a cavity 24 within the
fixture housing 14. An edge portion of the lightguide 16 is received through an opening
30 in the housing 14 and secured within the opening 30 so that the lightguide edge 18 is
located in proximity to, though typically spaced apart from, the LED devices 12. The
housing 14 is represented as containing optics 26, for example, reflectors and/or lenses,
for directing light from the LED devices 12 toward the edge 18 of the lightguide 16.
Various constraints known in the art exist for the type, size, shape, and placement of the
optics 26 relative to the LED devices 12 and the lightguide edge 18, for example, to
promote optical efficiency by maximizing coupling of the lightguide 16 with light
emitted from the LED devices 12, and such constraints will not be discussed in any detail

here.

[0020] The housing 14 can have any suitable shape, and is therefore not limited to the
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cross-sectional shape represented in FIGS. 1 and 2. The housing 14 will typically be
equipped with various other features and hardware necessary for its intended use. For
example, the housing 14 may include a heat sink (not shown) for conducting heat away
from the LED devices 12, various features and hardware for mounting the luminaire 10 to
a support surface, electrical wiring for connecting the LED devices 12 to a power source,

etc.

[0021] As known in the art, the lightguide 16 preferably serves to trap light received
at its edge 18 through total internal reflection (TIR), and redirect the trapped light out of
the lightguide 16 as a result of the presence of defects or other light-extracting features
located at surfaces 28 of the lightguide 16, preferably limited to surface regions outside
the housing 14 to inhibit losses from the edge portion of the lightguide 16 within the
housing 14. As known in the art, the light-extracting features extract light from the
lightguide 16 that would otherwise be trapped within the lightguide 16 due to total
internal reflection. Various approaches and aspects are known in the art as to the
creation and configuration of light-extracting features for use in lightguides, and will not

be discussed in any detail here.

[0022] The lightguide 16 is represented in FIGS. 1 and 2 as having a Ablade@
configuration characterized a rectangular cuboid or parallelepiped shape, though other
three-dimensional shapes are also within the scope of the invention. The width of the
edge 18 exposed to the light within the housing 14 can also vary, with widths of about
four millimeters being a known example. Though the surfaces 28 of the lightguide 16
are represented as being planar and entirely free of any features (other than
light-extracting features), the surfaces 28 may be modified to achieve certain illumination
effects desired of the luminaire 10, for example, features that enable the luminaire 10 to
function as signage, such as modifying certain light-extracting features or applying a film

to the surfaces 28 to define, for example, letters, symbols, or graphics.
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[0023] The present invention provides composite materials suitable for use as
lightguides (including the lightguide 16 of FIGS. 1 and 2) and capable of imparting a
color filtering effect to visible light emitted by a lightguide, particularly visible light
generated by one or more LED devices. The composite materials contain a source of
Nd*" ions, which through investigations leading to the present invention has been
determined to be effective for providing a color filtering effect, in particular to filter
visible light in the yellow light wavelength range, for example, wavelengths of about 0.56

to about 0.60 micrometers.

[0024] According to certain aspects of the invention, such composite materials and
lightguides produced therefrom may have little if any optical scattering (diffusion) effect,
depending on the composition of the composite material. As examples, preferred
composite materials comprise an optical grade transparent material as a polymeric matrix
material, in which is dispersed an inorganic particulate material containing the source of
Nd** ions. The Nd*" ion source may be a neodymium compound present as a dopant in
the particulate material, or as discrete particles that may be optionally combined with
discrete particles of other materials to make up the particulate material. A particulate
material containing discrete particles of the neodymium compound (e.g., formed partially
or entirely of the neodymium compound) and/or discrete particles doped with the
neodymium compound can be combined with a polymeric matrix material for the purpose
of promoting refractive index matching of the particulate and polymeric matrix materials
(1.e., minimize the difference in their refractive indices) sufficient to impart a low-haze

(low-diffusivity) optical effect to visible light passing through the composite material.

[0025] A preferred source for the Nd*™ ions is believed to be NdBF containing
materials having a relatively low refractive index. A particularly preferred Nd*™ ion

source 1s believed to be neodymium fluoride, NdF5;, which has a refractive index of
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around 1.6, providing a suitably low refractive index for index matching with certain
polymeric matrix materials to minimize scattering losses. Other Nd*" ion sources are
possible, for example, other compounds containing NdBF, nonlimiting examples of
which include NdBXBF compounds where X is at least one element that forms a
compound with neodymium, as examples, oxygen, nitrogen, sulfur, chlorine, etc., or at
least one element (other than Nd) that forms a compound with fluorine, as examples,
metals such as Na, K, Al, Mg, Li, Ca, Sr, Ba, and Y, or combinations of such elements.
Particular examples of NdBXBF compounds include neodymium oxyfluoride (NdBOBF)
compounds formed of NdBF (including NdF3) and NdBO compounds (including Nd,O5),
Nd-X-F compounds in which X may be Mg and Ca or may be Mg, Ca and O, as well as
other compounds containing NdBF, including perovskite structures doped with
neodymium.  Certain NdBXBF compounds may advantageously enable broader
absorption at wavelengths of about 580 nm. For example, depending on the relative
amounts of NdBO and NdBF compounds, an oxyfluoride compound may have a
refractive index that is between that of the NdBO compound (for example, 1.8 for
neodymia) and NdBF compound (for example, 1.60 for NdF;). Nonlimiting examples
of perovskite structure materials doped with neodymium include those containing at least
one constituent having a lower refractive index than the neodymium compound (e.g.,
NdF3), for example, metal fluorides of Na, K, Al, Mg, Li, Ca, Sr, Ba, and Y. Such
Ahost@ compounds have lower refractive indices than NdF5 in the visible light region,
nonlimiting examples of which include NaF (n=1.32), KF (n=1.36), AlF; (n=1.36), MgF,
(n=1.38), LiF (n=1.39), CaF, (n=1.44), SrF, (n=1.44), BaF, (n=1.48), and YF; (n=1.50)
at a wavelength of 589 nm. As a result of doping with a high refractive index Nd-F
compound, for example, NdF;, the resulting doped perovskite structure compound has a
refractive index that is between that of the host (for example, 1.38 for MgF,) and NdF;
(1.60). The refractive index of the NdFs;-doped metal fluoride compound will depend on

the ratio of Nd 1ons and metal ions.
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[0026] Generally, a low-haze (low-diffusivity) optical effect due to a minimal level of
optical scattering is said to be achieved herein if the refractive indices of the matrix and
particulate materials are within 0.1 of each other in the visible light region. If NdF; is
used as the sole inorganic particulate material in a lightguide whose polymeric matrix
material is a polycarbonate (PC) or polystyrene (PS), the refractive indices of NdF;
(about 1.60) and PC and PS (about 1.586) are such that a minimal level of optical
scattering occurs when light passes through the component. Another example of a
polymer having a refractive index within 0.1 of NdF; is a fluorine-doped polyester
(refractive index of about 1.607). In this regard, the polymeric matrix material is chosen
on the basis of having a refractive index that is similar to the neodymium compound so as

to achieve a low-haze (low-diffusivity) optical effect.

[0027] Refractive index matching with other polymers having refractive indices that
differ from the neodymium compound in the visible light region by more than 0.1 can be
achieved with modifications to the particulate material. For example, the source of Nd*™
ions (e.g., NdF3) can be used in combination with one or more other materials to yield an
effective refractive index that achieves a minimal level of optical scattering in a
lightguide whose polymeric matrix material has a refractive index that differs from the
Nd’" ion source by more than 0.1 in the visible light region, for example, acrylics (for
example, polymethyl methacrylate; PMMA), polyvinylidene fluoride (PVDF), and
silicones. As a nonlimiting example, particles formed of a metal fluoride and/or a metal
oxide can be doped with the neodymium compound to have a refractive index between
that of the neodymium compound and the metal fluoride and/or metal oxide.
Nonlimiting examples of suitable metal fluorides and metal oxides include NaF
(refractive index of about 1.32) and MgF, (refractive index of about 1.38). By selecting
an appropriate co-solidation ratio of the neodymium compound and the metal fluoride
and/or metal oxide, the refractive index of the particulate material can be tailored to allow

for matching or near matching with the refractive index of PMMA (about 1.49),
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polyvinylidene fluoride (about 1.42), or a methyl-type silicone (about 1.41), which are
often utilized in LED packages.

[0028] FIGS. 3 and 4 are graphs published in AControllable Energy Transfer in
Fluorescence Upconversion of NdF; and NaNdF, Nanocrystals,@ Li et al., Optics Express,
Vol. 18 Issue 4, pp. 3364-3369 (2010), and represent optical properties for NdF; and
NaNdF4 nanocrystals dispersed in water at the same molar concentration. FIG. 3
represents the absorption spectra observed for the NdF; and NaNdF, nanocrystals, and
FIG. 4 represents the upconversion fluorescence spectra for the NdF; and NaNdF,
nanocrystals when subjected to an excitation frequency (Aexc) of 800 nm and an excitation
power of 240 mW. As evident from FIG. 3, the absorption peaks of NdF; and NaNdF,
were 578 and 583, respectively, and therefore well within the yellow light wavelength
range (about 560 to about 600 nm), and FIG. 4 evidences that the absorption peaks of
NaNdF4 were slightly shifted relative to those of NdF;. FIGS. 3 and 4 indicate that
co-solidation of NdF; and NaF (to yield NaNdF,) did not fundamentally change the
absorption characteristics of NdFs.  As such, it is believed that a desirable color filtering
effect can be achieved with composite materials containing particles containing a
compound other than NdBF that has been doped with an NdBF compound to yield an
NdBMEBF compound (where M is a metal other than neodymium).

[0029] The color filtering effect resulting from visible light absorption provided by
Nd™ ions in the visible light spectrum is believed to be superior to Nd-O compounds
(such as Nd,O3) with respect to yellow light wavelengths within the range of 0.56 to
about 0.60 micrometers. Nd-F and NdBXBF compounds have a further advantage over
Nd-O compounds by having a refractive index much closer to various standard optical
grade transparent plastics, for example, PC, PS, PMMA, PVDF, silicone, and
polyethylene terephthalate (PET), and can better balance optical losses from scattering

attributable to refractive index mismatch and Nd ion absorption. By filtering yellow

-11 -
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light wavelengths, light emitted by an array of white LED devices can be adjusted to
achieve an enhanced color effect by separating green and red light through filtering
yellow light wavelengths, such as by increasing LED white light CRI (color rendering
index), CSI (color saturation index) and enabling color points closer to the white locus.
A notable example of such a desirable lighting effect is achieved with the REVEAL?7 line
of incandescent bulbs commercially available from GE Lighting, which are produced to
have an outer jacket formed of a glass doped with neodymia (Nd,Os) to filter certain
wavelengths of light. FIG. 5 is a graph representing the optical transmission of NdF;
dispersed in a silicone matrix in comparison to that of an Nd,Os-doped glass, and
evidences the similarities in their optical transmissions, particularly in terms of their

abilities to filter yellow light wavelengths.

[0030] The volumetric amount and particle size of the particulate source of Nd*™ ions
in a composite material is believed to have an influence on the color filtering effect of the
composite material. In addition, the relative amounts and particle size of any second
material in the composite material have an influence on the color filtering effect.
Generally, it is believed that a composite material formed of a standard optical grade
transparent plastic (for example, PC, PS, PMMA, PVDF, silicone, or PET) should
contain at least 0.1 volume percent and more preferably about 1 to about 20 volume
percent of NdF; or a comparable Nd*™ ion source (as examples, NdBF compounds and
NdBXBF compounds, including MgF, doped with NdBF) to achieve a desired filtering
effect. It is further believed that a suitable particle size for the particulate material is up
to about 50 micrometers and preferably about 0.5 to about 5 micrometers. At these
loadings and particles sizes, a composite material whose matrix material is one of the
aforementioned standard optical grade transparent plastics will typically be readily
moldable for a wide variety of shapes, with potential difficulties being encountered with

smaller particle sizes and higher loadings.

-12 -
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[0031] While the invention has been described in terms of certain embodiments, it is
apparent that other forms could be adopted by one skilled in the art. Therefore, the

scope of the invention is to be limited only by the following claims.

-13 -
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CLAIMS:

1. A lightguide of a lighting unit, at least a portion of the lightguide being
formed of a composite material comprising a polymeric matrix material and an inorganic
particulate material that contributes a color filtering effect to visible light passing through
the composite material, the inorganic particulate material comprising a neodymium

.o 3+ .
compound containing Nd™" ions.

2. The lightguide according to claim 1, wherein the inorganic particulate

material contributes the color filtering effect to visible light generated by an LED device.

3. The lightguide according to claim 1, wherein the inorganic particulate

material predominantly filters wavelengths in the yellow light wavelength range.

4. The lightguide according to claim 1, wherein the neodymium compound

is present as discrete particles of the inorganic particulate material.

5. The lightguide according to claim 1, wherein the neodymium compound

is present as a dopant in discrete particles of the inorganic particulate material.

6. The lightguide according to claim 1, wherein the neodymium compound

is an NdBF compound or an NdBXBF compound.

7. The optical component according to claim 1, wherein the neodymium
compound is an NdBXBF compound, and X is at least one element chosen from the
group consisting of elements that form compounds with neodymium and elements other

than neodymium that form compounds with fluorine

-14 -
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8. The lightguide according to claim 1, wherein the polymeric matrix
material 1s chosen from the group consisting of polycarbonate, polystyrene, polymethyl

methacrylate, polyvinylidene fluoride, and silicone.

9. The lightguide according to claim 1, wherein the neodymium compound
and the polymeric matrix material have refractive indices within 0.1 of each other in the

visible light region.

10. The lightguide according to claim 1, wherein the inorganic particulate
material and the polymeric matrix material have refractive indices within 0.1 of each

other in the visible light region.

11.  The lightguide according to claim 10, wherein the neodymium

compound is present as discrete particles of the inorganic particulate material.

12. The lightguide according to claim 11, wherein the neodymium

compound is NdF; or a neodymium-containing material.

13.  The lightguide according to claim 10, wherein the neodymium
compound is present as a dopant in discrete particles of the inorganic particulate material,
and the discrete particles are formed of a second material other than the neodymium

compound.
14. The lightguide according to claim 13, wherein the discrete particles are
formed of at least one material chosen from the group consisting of metal fluorides and

metal oxides having refractive indices less than the polymeric matrix material.

15. The lightguide according to claim 13, wherein the discrete particles are

-15 -
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formed of at least one material chosen from the group consisting of NaF, MgF,, KF, AlFs;,
LiF, CaF,, SrF,, BaF,, and YFs.

16. An edge-lit lighting unit comprising a light source that emits visible light
and a lightguide configured and arranged so that at least a portion of the visible light of
the light source passes therethrough, the portion of the lightguide being formed of a
composite material comprising a polymeric matrix material and an inorganic particulate
material that contributes a color filtering effect to the visible light passing through the
portion, the inorganic particulate material comprising a neodymium compound

PO 3+ -
containing Nd”" 1ons.

17.  The lighting unit according to claim 16, wherein the light source
comprises at least one LED device, and the LED device directs the visible light at an

edge of the lightguide.

18. The lighting unit according to claim 16, wherein the inorganic
particulate material predominantly filters wavelengths in the yellow light wavelength

range.

19. The lighting unit according to claim 16, wherein the neodymium

compound is an NdBF compound or an NdBXBF compound.
20. The lighting unit according to claim 16, wherein the polymeric matrix

material 1s chosen from the group consisting of polycarbonate, polystyrene, polymethyl

methacrylate, polyvinylidene fluoride, and silicone.
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