wo 2012/047937 A1 | I 0K 00O R0 O

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

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AL 01000 OO O
ernational Bureau S,/ ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
12 April 2012 (12.04.2012) WO 2012/047937 Al

(51) International Patent Classification: nia 94536 (US). WANG, Gang [CN/US]; 416 Capella
GO9G 3/34 (2006.01) Way, Milpitas, California 95035 (US). EDWARDS,
Charles [US/US]; 4380 Entrada Drive, Pleasanton, Cali-

(21) International Application Number: .
PCT/US2011/054827 fornia 94566 (US).
(74) Agent: MEI Peter C.; Vista IP Law Group, LLP, 1885

(22) International Filing Date: Lundy Ave., Ste. 108, San Jose, California 95131 (US).

4 October 2011 (04.10.2011)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
o CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) Priority Data: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
61/390,091 5 October 2010 (05.10.2010) us HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
61/427,411 27 December 2010 (27.12.2010) Us KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Applicant (for all designated States except US): INTEM- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
ATIX CORPORATION [US/US]; 46430 Fremont NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
Blvd., Fremont, California 94538 (US). RW, SC, SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(72) Inventors; and ZM, ZW.

(75) Inventors/Applicants (for US only): YUAN, Xianglong . o
[CN/US]; 360 Escobar Street, Fremont, California 94539 (84) Designated States (unless otherwise indicated, for every

(US). MELMAN, Jonathan [US/US]; 2344 Millstream kind of regional protection available). ARIPO (BW, GH,
Lane, San Ramon, California 94582 (US). DAI, Bing GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
[CN/US]; 36000 Fremont Blvd., #170, Fremont, Califor- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,

RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

[Continued on next page]

(54) Title: SOLID-STATE LIGHT EMITTING DEVICES AND SIGNAGE WITH PHOTOLUMINESCENCE WAVELENGTH
CONVERSION

(57) Abstract: A solid-state light emitting device compris-
\ es a solid-state light emitter (LED) operable to generate

10

excitation light and a wavelength conversion component
including a mixture of particles of a photoluminescence
material and particles of a light reflective material. The
phosphor absorbs at least a portion of the excitation light
and emits light of a ditferent color. The emission product
28(22) of the device comprises the combined light generated by
_ll, \ the LED and the phosphor. The wavelength conversion
component can be light transmissive and comprise a light
transmissive substrate on which the mixture of phosphor
and reflective materials is provided as a layer or homoge-
neously distributed throughout the volume of the sub-
300h1, 1) strate. Alternatively the wavelength conversion component
> can be light reflective with the mixture of phosphor and
light reflective materials being provided as a layer on the
light reflective surtace.

T Z.

[ J
ne FIG. 1




WO 2012/047937 A1 00000 )0 00 OO O

DE, DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, Published:
LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,
SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



WO 2012/047937 PCT/US2011/054827

SOLID-STATE LIGHT EMITTING DEVICES AND SIGNAGE WITH
PHOTOLUMINESCENCE WAVELENGTH CONVERSION

FIELD
[0001] Some embodiments of the invention relate to solid-state light emitting devices and
signage that use photoluminescence wavelength conversion to convert light generated by a solid-

state light emitter to a desired color of light.

BACKGROUND

[0002] White light emitting LEDs (“white LEDs”) are known in the art and are a relatively
recent innovation. Due to their long operating life expectancy (>50,000 hours) and high
luminous efficacy (70 lumens per watt and higher) high brightness white LEDs are increasingly
being used to replace conventional fluorescent, compact fluorescent and incandescent light
sources.

[0003] It was not until LEDs emitting in the blue/ultraviolet part of the electromagnetic
spectrum were developed that it became practical to develop white light sources based on LEDs.
As taught, for example in US 5,998,925, white LEDs include one or more photo-luminescent
materials (e.g., phosphor materials), which absorb a portion of the radiation emitted by the LED
and re-emit radiation of a different color (wavelength). Typically, the LED chip or die generates
blue light and the phosphor(s) absorbs a percentage of the blue light and re-emits yellow light or
a combination of green and red light, green and yellow light, green and orange or yellow and red
light. The portion of the blue light generated by the LED that is not absorbed by the phosphor
combined with the light emitted by the phosphor provides light which appears to the human eye
as being nearly white in color.

[0004] The exact color generated by the LED light is highly dependent upon the amount of
light that is emitted by the phosphor material, since it is the combination of the amount (and
wavelength) of the phosphor-emitted light and the amount (and wavelength) of the residual blue
light that determines the color of the resultant light. Therefore, phosphor-based LED devices
that are intended to generate white light will require sufficient amounts of phosphors to function

correctly, since the phosphor-based LED device having insufficient amounts of phosphor
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materials will fail to generate white-appearing light.

[0005] The problem is that phosphor materials are relatively costly, and hence correspond to
a significant portion of the costs for producing phosphor-based LED devices. Typically the
phosphor material in a LED light is mixed with a light transmissive material such as a silicone or
epoxy material and the mixture directly applied to the light emitting surface of the LED die.
This results in a small footprint layer of phosphor materials placed directly on the LED die, that
is nevertheless still costly to produce in part because of the significant costs of the phosphor
materials.

[0006] As disclosed in United States patent application US 2008/02118992 A1 to Li, it is
also known to provide the phosphor material as a layer on, or incorporate the phosphor material
within an, optical component that is physically located remote to the LED die. This typically
results in a layer of phosphor materials having a much larger footprint than the approach
described in the preceding paragraph. Because of its larger size, a much greater amount of
phosphor is normally required to manufacture such “remote phosphor” LED devices. As a
result, the costs are correspondingly greater as well to provide the increased amount of phosphor
materials needed for such remote phosphor LED devices. For example, United States patent
application US 2007/0240346 Al, to Li et al., teaches solid-state light emitting signs in which
blue light from an LED is used to excite phosphor materials on a light emitting signage surface
to generate a desired color of light. A large quantity of the phosphor materials must normally be
present to populate the expanse of the light emitting signage surface for the device to produce the
appropriate color for its intended light functionality.

[0007] Therefore, there is a need for improved approach to implement LED lighting
apparatuses that maintains the desired color properties of the devices, but without requiring the
large quantities of photo-luminescent materials (e.g. phosphor materials) that are required in the
prior approaches.

[0008] It is an object of some embodiments of the present invention to provide a light
emitting device, a light emitting sign, a photoluminescence wavelength conversion component
and a photoluminescence signage surface that in part at least overcomes the limitations of the

known devices.
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SUMMARY

[0009] Embodiments of the invention concern solid-state light emitting devices and signage
comprising one or more solid-state light emitters, typically LEDs, that are operable to generate
blue light which is used to excite a photoluminescence wavelength conversion component or a
photoluminescence light emitting signage surface that contain particles of a blue light excitable
photo-luminescent (e¢.g. a phosphor material). In accordance with some embodiments of the
invention, and to increase photoluminescence light generation by the phosphor material, the
wavelength conversion component and/or signage surface further comprises incorporating
particles of a light reflective material (also referred to herein as “light scattering material’’) with
the phosphor material. The enhanced light generation results from the light reflective material
increasing the number of collisions of the LED generated light with particles of the phosphor
material, which decreases the amount of phosphor material usage to generate a selected emission
product color.

[0010] According to some embodiments of the invention, a light emitting device comprises
at least one solid-state light emitter operable to generate blue light and a photoluminescence
wavelength conversion component comprising a mixture of particles of at least one phosphor
material and particles of a light reflective material, wherein the mixture of at least one phosphor
material and light reflective material are distributed over a large footprint area, ¢.g. an area of at
least 0.8cm”. In particular, including particles of a light reflective material with the phosphor
material can increase photoluminescence light generation by the phosphor material. The
increase in photoluminescence light generation results from the light reflective material
increasing the probability of collisions of the photons with particles of the phosphor material. In
some embodiments, the inclusion of the light reflective material can potentially, for a given
emission product color and intensity, reduce phosphor material usage by 33% or more. Some
embodiments of the invention concern devices in which the wavelength conversion component
that includes the phosphor material is provided “remote” to the light emitter to reduce the
transfer of heat from the light emitter to the phosphor material. In the context of this application,
“remote” and “remotely” means physically separated from, by for example an air gap or light
transmissive medium. In remote phosphor devices the phosphor material is distributed over a
much greater area than the area of the light emitting surface of the light emitter. In accordance

with some embodiments of the invention, the area over which the phosphor material and light

3



WO 2012/047937 PCT/US2011/054827

reflective material is distributed is at least fifty times the light emitting area of the light emitter.
Moreover, in some embodiments, the wavelength conversion component is located at a distance
of at least Smm from the light emitter and is preferably separated by a gap, e.g. an air gap.
Separating the phosphor material from the solid-state emitter reduces the transfer of heat to the
phosphor material and reduces thermal degradation of the phosphor material.

[0011] Advantageously, the light reflective materials employed in some embodiments has as
high a reflectivity as possible and preferably has a reflectance of at least 0.9. The light reflective
material can comprise magnesium oxide (MgO), titanium dioxide (TiO,), barium sulfate
(BaSQy4) or a combination thereof. Preferably the light reflective material has a particle size in a
range 0.01um to 10pum, 0.01pm to 0.1pum or 0.1um to 1um.

[0012] The phosphor material in some embodiments preferably has a particle size in a range
from 2 to 60um and typically in a range 10 to 20um. It is believed to be advantageous in some
embodiments for the light reflective material particle size to be smaller than the phosphor
material particle size preferably by a factor of at least ten. The weight percent loading of light
reflective material to phosphor material in some embodiments can be in a range 0.01% to 10%,
0.1% to 1% or 0.5% to 1%.

[0013] In one arrangement the wavelength conversion component comprises a light
transmissive substrate on which the mixture of phosphor and light reflective materials is
provided as at least one layer. The component can be configured as a light transmissive window
such that a proportion of blue light passing through the component will be converted to light of a
different color by the phosphor material. Alternatively the component can be configured as a
light guide (waveguide) and the mixture of phosphor and light reflective materials provided on at
least a part of a face of the substrate. The mixture of phosphor and light reflective materials is
advantageously applied to the surface of the substrate by screen printing. Alternatively the
mixture can be deposited on the substrate by inkjet printing, spin coating or doctor blading.
Preferably the light transmissive substrate comprises an acrylic, a polycarbonate, an epoxy, a
silicone or a glass.

[0014] In another arrangement the wavelength conversion component comprises a light
transmissive substrate having the mixture of phosphor and light reflective materials
homogeneously distributed throughout its volume. Preferably the light transmissive substrate

comprises an acrylic, a polycarbonate, an epoxy, a silicone or a glass.
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[0015] In further arrangements the wavelength conversion component is light reflective and
can comprise a light reflective surface on which the mixture of phosphor and light reflective
materials is provided as at least one layer. The mixture of phosphor and light reflective materials
can be applied to the light reflective surface by screen printing, spin coating or doctor blading.
The light reflective substrate can comprise any light reflective surface and preferably has a
reflectance of at least 0.9. The light reflective surface can comprise a polished metallic surface
such as silver aluminum, chromium; a light reflective polymer, a light reflective paper or a light
reflective paint.

[0016] In some embodiments, the at least one solid-state light emitter comprises an LED that
is operable to generate blue light having a peak wavelength in a wavelength range 440nm to
480nm. Alternatively the solid-state light emitter(s) can comprise a laser or laser diode.

[0017] According to a further aspect of some embodiments of the invention a
photoluminescence wavelength conversion component for a solid-state light emitting device
comprises a mixture of particles of at least one photo-luminescent material and particles of a
light reflective material, wherein the mixture of at least one phosphor material and light
reflective material are distributed over an area of at least 0.8cm?. The light reflective material
preferably has as high a reflectance as possible, preferably at least 0.9, and can comprise
particles of MgO, TiO,, BaSO4 or a combination thereof. Preferably the light reflective material
has a particle size in a range 0.01 pm to 10um; 0.01um to 1um or 0.1 to Tum.

[0018] The phosphor material(s) preferably comprise an inorganic material such as for
example an orthosilicate, nitride, sulfate, oxy-nitride, oxy-sulfate or garnet (YAG) material has a
particle size in a range 2 um to 60um and more particularly 10um to 20um.

[0019] Advantageously the weight percent loading of light reflective material to phosphor
material is in a range 0.01% to 10%; 0.01% to 1%; 0.1% to 1% or 0.5% to 1%.

[0020] The wavelength conversion component can be light transmissive or light reflective.
Where the component is light transmissive the component can be configured as a light
transmissive window such that a proportion of blue light passing through the component will be
converted to light of a different color by the phosphor material(s). Alternatively the component
can be configured as a light guide (waveguide) and the mixture of phosphor and light reflective
materials provided on at least a part of a face of the substrate or provided a layer in proximity the

face. The mixture of phosphor material and light reflective material can be (a) provided as one or
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more layers on at least a part of the surface of the component or (ii) homogeneously distributed
throughout the volume of the light transmissive substrate. The light transmissive substrate can
comprise a light transmissive polymer such as an acrylic, a polycarbonate, an epoxy or a silicone
or a glass. Where the wavelength conversion component is light reflective, the wavelength
conversion component can comprise a light reflective surface on which the mixture of phosphor
material and light reflective material is provided as one or more layers. The light reflective
surface can comprise any surface with a high reflectance, preferably at least 0.9, including a
metal surface of silver, aluminum, chromium, a light reflective polymer, a light reflective paper
or card, a light reflective paint. For ease of fabrication the mixture of phosphor material and light
reflective material can be provided on the component by printing, preferably screen printing or
inkjet printing; spin coating or doctor blading.

[0021] In some embodiments, the light reflective/scattering material that is utilized within
the wavelength conversion component has a particle size that is selected such that the particles
will scatter blue light relatively more than they will scatter light generated by the phosphor
materials. For example, the light reflective particle size may be selected such that the particles
will scatter blue light relatively at least twice as much as they will scatter light generated by the
at least one phosphor material. This ensures that a higher proportion of the blue light emitted
from the wavelength conversion layer will be scattered, thereby increasing the probability of the
photon interacting with a phosphor material particle and resulting in the generation of photo-
luminescent light. At the same time phosphor generated light can pass through with a lower
probability of being scattered.

[0022] The light reflective/scattering material may be embodied in a separate layer that is
adjacent to, or near, a layer that includes the phosphor material. The separate light reflective
layer may be used instead of, and/or in addition to, mixing light reflective/scattering material into
the same layer as the phosphor material. Either the same, or different reflective materials, may
be used in the separate light reflective layer from the light reflective material that is mixed with
the phosphor material.

[0023] The embodiments of the invention may be applied to wavelength conversion
components having any suitable shape, whether planar or three-dimensional and enveloping
some additional volume.

[0024] According to a yet further aspect of some embodiments of the invention, a light
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emitting sign comprises at least one solid-state light emitter operable to generate blue light and a
photoluminescence signage surface comprising a light transmissive substrate having a mixture of
particles of at least one phosphor material and particles of a light reflective material distributed
over an area of at least 100cm?. The mixture of phosphor material and light reflective material
can be configured as a pattern to define an image, picture, letter, numeral, device, pattern or
other signage information. Alternatively, as for example is required for channel lettering, the
shape of the signage surface can be configured to define signage information.

[0025] Where the sign is backlit, that is the light emitter is located behind the signage surface
which is configured as a light transmissive window such that a proportion of blue light passing
through the component will be converted to light of a different color by the phosphor material,
the signage surface is preferably located at a distance of at least Smm from the light emitter.
Alternatively the sign can be edge lit and the substrate configured as a light guide and the
mixture of phosphor material and light reflective material are provided on at least a part of a light
emitting face of the light guide. In some cases, the substrate will be planar and light can coupled
into the light guide from one or more edges of the substrate.

[0026] The light reflective material in some embodiments has a particle size 0.01pm to
10um; 0.01 um to 1um or 0.1um to 1pum whilst the phosphor material has a particle size of 2 um
to 60um and preferably 10um to 20um. The weight percent loading of light reflective material
to phosphor material can be in a range 0.01% to 10%; 0.01% to 1%; 0.1% to 1% or 0.5% to 1%.
The light reflective material can comprise MgO, TiO,, BaSO4 or a combination thereof.

[0027] The mixture of phosphor material and light reflective material is advantageously
provided on the substrate by screen printing. Alternatively it can be deposited on the substrate by
inkjet printing, spin coating or doctor blading.

[0028] The light transmissive substrate can comprise any light transmissive material
including an acrylic, a polycarbonate, an epoxy, a silicone and a glass.

[0029] According to yet another aspect of the invention a photoluminescence signage surface
for a solid-state light emitting sign comprises a light transmissive substrate having a mixture of
particles of at least one phosphor material and particles of a light reflective material distributed
over an area of at least 100cm?.

[0030] The signage surface can be configured as a light transmissive window such that a

proportion of blue light passing through the component will be converted to light of a different
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color. Alternatively the substrate can be configured as a light guide and the mixture of phosphor
material and light reflective material provided on, or in proximity to, at least a part of a light
emitting face of the light guide.

[0031] The light reflective material can have a particle size 0.01 um to 10um; 0.01um to
Ium or 0.1 to 1um. The phosphor material may have a particle size 2um to 60um and preferably
in a range 10um to 20um. In some embodiments, the weight percent loading of light reflective
material to phosphor material can be in a range 0.01% to 10%; 0.01% to 1%; 0.1% to 1% or
0.5% to 1%. The light reflective material can comprise MgO, TiO,, BaSO4 or a combination
thereof.

[0032] Preferably the mixture of phosphor material and light reflective material is provided
on the substrate by screen printing. Alternatively it can be deposited by inkjet printing, spin
coating or doctor blading.

[0033] The light transmissive substrate can comprise an acrylic, a polycarbonate, an epoxy, a

silicone and a glass.



WO 2012/047937 PCT/US2011/054827

BRIEF DESCRIPTION OF THE DRAWINGS
[0034] In order that the present invention is better understood solid-state light emitting
devices and signs in accordance with embodiments of the invention will now be described, by
way of example only, with reference to the accompanying drawings in which:
[0035] FIG. 1 is schematic representation of an LED-based light emitting device in
accordance with an embodiment of the invention;
[0036] FIG. 2 is a schematic illustrating the principle of operation of a known light emitting
device;
[0037] FIG. 3 is a schematic illustrating the principle of operation of the light emitting
device of FIG. 1;
[0038] FIG. 4 is a plot of emission intensity versus chromaticity CIE x for an LED-based
light emitting device in accordance with the invention for different weight percent loadings of
light reflective material;
[0039] FIG. 5 is a schematic representation of an LED-based light emitting device in
accordance with an alternative embodiment of the invention;
[0040] FIG. 6 is a schematic representation of an LED-based light emitting device in
accordance with a another embodiment of the invention,;
[0041] FIG. 7 is a schematic representation of an LED-based light emitting device in
accordance with a further embodiment of the invention,;
[0042] FIG. 8 is a schematic illustrating the principle of operation of the light emitting
device of FIG. 7,
[0043] FIG. 9 is a schematic of a phosphor wavelength conversion component in accordance
with an embodiment of the invention;
[0044] FIG. 10 is a schematic of a phosphor wavelength conversion component in
accordance with another embodiment of the invention,;
[0045] FIG. 11 shows plots of relative light scattering versus light diffractive particle size
(nm) for red, green and blue light;
[0046] FIG. 12 illustrates an LED-based light emitting device in accordance with a further
embodiment of the invention; and
[0047] FIG. 13 illustrates a cross-sectional view of the LED-based light emitting device of

FIG. 12 in accordance with a further embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0048] Some embodiments of the invention are directed to light emitting devices comprising
one or more solid-state light emitters, typically LEDs, that is/are operable to generate excitation
light (typically blue) which is used to excite a wavelength conversion component containing
particles of a photoluminescence materials (e.g. phosphor materials), such as a blue light
excitable phosphor material. Additionally the wavelength conversion component comprises
particles of a light reflective material (also referred to herein as “light scattering material”) that is
incorporated with the phosphor material to enhance photoluminescence light generation by the
phosphor material. The enhanced light generation results from the light reflective material
increasing the number of collisions of light generated by the light emitter(s) with particles of the
phosphor material. The net result is a decrease in phosphor material usage for the light emitting
devices.

[0049] For the purposes of illustration only, the following description is made with reference
to photoluminescence material embodied specifically as phosphor materials. However, the
invention is applicable to any type of any type of photoluminescence material, such as either
phosphor materials or quantum dots. A quantum dot is a portion of matter (¢.g. semiconductor)
whose excitons are confined in all three spatial dimensions that may be excited by radiation
energy to emit light of a particular wavelength or range of wavelengths. As such, the invention is
not limited to phosphor based wavelength conversion components unless claimed as such. In
addition, throughout this patent specification, like reference numerals are used to denote like
parts.

[0050] FIG. 1 shows a schematic representation of an LED-based white light emitting device
10 in accordance with an embodiment of the invention. The device 10 comprises a blue light
emitting LED 12 and a photoluminescence wavelength conversion component 14 located remote
to the LED. As shown the wavelength conversion component 14 can comprise a light
transmissive window (substrate) 16 having, on at least one face, a phosphor conversion layer 18.
The phosphor conversion layer 18 comprises a mixture of particles of a blue light excitable
phosphor material 20, particles of a light reflective material 22 and a light transmissive binder
material 24. The light transmissive window 16 can comprise any light transmissive material

such as a polymer material for example a polycarbonate, acrylic, silicone or epoxy or a glass
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such as a quartz glass. Typically, for ease of fabrication, the light transmissive window 16 is
planar often disc-shaped in form though it can be square, rectangular or other shapes depending
on the intended application. Where the light transmissive window is disc-shaped the diameter
can be between about lcm and 10cm that is an optical aperture of area between 0.8 cm? and
80cm’. In alternative embodiments it is envisioned that the light transmissive window 16
comprise an optical component that directs light in a selected direction such as a convex or
concave lens. To reduce the transfer of heat from the LED 12 to the wavelength conversion
component 14, in particular heat transfer to the phosphor material, the wavelength conversion
component is located remote to the LED, physically separated, by a distance L of at least Smm.
Embodiments of the present invention concern devices in which the wavelength conversion
component and more importantly the phosphor material is provided remote to the LED to reduce
the transfer of heat from the light emitter to the phosphor material. In the context of this
application remote means physically separated from by for example an air gap or light
transmissive medium. It will be appreciated that in remote phosphor devices the phosphor
material is distributed over a much greater area (e.g. 0.8 cm” to 80cm?) than the area of the light
emitting surface of the LED (e.g. 0.03cm?). Typically the phosphor material is distributed over
an area that is at least fifty times, typically at least 100 times, the light emitting area of the LED.
[0051] The blue LED 12 can comprise a GaN-based (gallium nitride-based) LED that is
operable to generate blue light 26 having a peak wavelength A; in a wavelength range 440nm to
480nm (typically 465nm). The blue LED 12 is configured to irradiate the wavelength conversion
component 14 with blue excitation light 26 whereat a proportion is absorbed by the phosphor
material 20 which in response emits light 28 of a different wavelength A, typically yellow-green
in color for a cold white light emitting device. The emission product 30 of the device 10 which
is configured to appear white in color comprises the combined light 26 emitted by the LED and
the light 28 generated by the phosphor material 20.

[0052] The phosphor material 20 and light reflective material 22, which are in powder form,
are thoroughly mixed in known proportions with the light transmissive binder material 24 such
as a polymer material (for example a thermally or UV curable silicone or an epoxy material) or a
clear ink such as for example Nazdar’s® UV curable litho clear overprint PSLC-294. The
mixture is applied to the face of the window 16 as one or more layers of uniform thickness. In a

preferred embodiment the mixture is applied to the light transmissive window by screen printing
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and the thickness t of the layer controlled by the number of printing passes. As will be apparent
to those skilled in the art the phosphor/reflective material mixture can be applied using other
methods including inkjet printing, spin coating or sweeping the mixture over the surface using a
blade such as a squeegee (e.g. doctor blading).

[0053] It is envisioned in further embodiments to incorporate the mixture of phosphor and
light reflective material mixture within the light transmissive window. For example the phosphor
and light reflective material mixture can be mixed with a light transmissive polymer and the
polymer/phosphor mixture extruded or injection molded to form the wavelength conversion
component 14 with the phosphor and light reflective material homogenecously distributed
throughout the volume of the component.

[0054] Locating the phosphor material remote to the LED provides a number of benefits
namely reduced thermal degradation of the phosphor material. Additionally compared with
devices in which the phosphor material is provided in direct contact with the light emitting
surface of the LED die, providing the phosphor material remotely reduces absorption of
backscattered light by the LED die. Furthermore locating the phosphor remotely enables
generation of light of a more consistent color and/or CCT since the phosphor material is
provided over a much greater area as compared to providing the phosphor directly to the light
emitting surface of the LED die.

[0055] The phosphor material can comprise an inorganic or organic phosphor such as for
example silicate-based phosphor of a general composition A3Si(O,D)s or A;Si(0,D), in which Si
is silicon, O is oxygen, A comprises strontium (Sr), barium (Ba), magnesium (Mg) or calcium
(Ca) and D comprises chlorine (Cl), fluorine (F), nitrogen (N) or sulfur (S). Examples of
silicate-based phosphors are disclosed in United States patents US 7,575,697 “Europium
activated silicate-based green phosphor” (assigned to Intematix Corp.), US 7,601,276 “Two
phase silicate-based yellow phosphor” (assigned to Intematix Corp.), US 7,601,276 “Silicate-
based orange phosphor” (assigned to Intematix Corp.) and US 7,311,858 “Silicate-based yellow-
green phosphor” (assigned to Intematix Corp.). The phosphor can also comprise an aluminate-
based material such as is taught in our co-pending patent application US2006/0158090
“Aluminate-based green phosphor” and patent US 7,390,437 “Aluminate-based blue phosphor”
(assigned to Intematix Corp.), an aluminum-silicate phosphor as taught in co-pending application

US2008/0111472 “Aluminum-silicate orange-red phosphor” or a nitride-based red phosphor
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material such as is taught in co-pending United States patent application 12/632,550 filed
December 7, 2009. It will be appreciated that the phosphor material is not limited to the
examples described herein and can comprise any phosphor material including nitride and/or
sulfate phosphor materials, oxy-nitrides and oxy-sulfate phosphors or garnet materials (YAG).
[0056] The phosphor material comprises particles that are generally spherical in form with a
diameter of 10um to 20um and typically of order 15um. The phosphor material can comprise
particles of a size 2um to 60um.

[0057] The light reflective material 22 comprises a powdered material with a high
reflectivity typically a reflectance of 0.9 or higher. The particle size of the light reflective
material is typically in a range 0.1um to 10um and in a preferred embodiment is within a range
0.1um to 10pum. The weight percent loading of light reflective material to phosphor material is in
a range 0.1% to 10% and in a preferred embodiment in a range 1% to 2%. Examples of light
reflective materials include magnesium oxide (MgO), titanium dioxide (TiO,), barium sulfate
(BaSQO4) and combinations thereof. The light reflective material can also comprise a white ink
such as for example Norcote International Inc’s super white ink GN-027SA which already
includes particles of a highly light reflective material, typically TiO,.

[0058] Before describing operation of the device of the invention, operation of a known light
emitting device will be described with reference to FIG. 2 which shows a schematic of a cool
white LED-based light emitting device that utilizes phosphor wavelength conversion. In common
with the device of the invention the known device includes a wavelength conversion component
18 that includes phosphor material particles 20 homogeneously distributed throughout the
volume of a light transmissive binder 24. Unlike the device of the invention the known devices
do not include particles of a light reflective material. In operation blue light 26 from the LED is
transmitted by the light transmissive binder 24 until it strikes a particle of phosphor material. It is
believed that on average as little as 1 in a 10,000 interactions of a photon with a phosphor
material particle results in absorption and generation of photoluminescence light. The majority,
about 99.99%, of interactions of photons with a phosphor particle result in scattering of the
photon. Due to the isotropic nature of the scattering process on average half the scattered photons
will be in a direction back towards the LED. Tests indicate that typically about 10% of the total
incident blue light is scattered and emitted from the wavelength conversion component in a

direction back towards the LED. For a cool white light emitting device the amount of phosphor
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material is selected to allow approximately 10% of the total incident blue light to be emitted
through the window and contribute to the emission product. The majority, approximately 80%,
of the incident light is absorbed by the phosphor material and re-emitted as photoluminescence
light 28. Due to the isotropic nature of photoluminescence light generation, approximately half
of the light 28 generated by the phosphor material will be emitted in a direction towards the
LED. As a result up to (1) 40% of the total incident light will be emitted as light 28 of
wavelength A, and contributes to the emission product 30 whilst up to (1) 40% of the total
incident light will be emitted as light 28 of wavelength A, in a direction back towards the LED.
Typically light that is emitted towards the LED is re-directed by a reflector (not shown) to
increase the overall efficacy of the device.

[0059] Operation of a cool white light emitting device 10 in accordance with some
embodiments of the invention is now described with reference to FIG. 3 which shows a
schematic of operation of the device of FIG. 1. The operation of the device of the invention is
similar to that of FIG. 2 but additionally includes reflection or scattering of light (of wavelengths
A1 and A,) by the particles of the light reflective/scattering material. By including particles of a
light reflective material with the phosphor material this can reduce the amount of phosphor
material required to generate a given color emission product, ¢.g. by up to 33% in some
embodiments. It is believed that the particles of light reflective material increase the probability
of photons striking a particle of phosphor material and thus for an emission product of a given
color less phosphor material is required.

[0060] FIG. 4 is a plot of emission intensity versus chromaticity CIE x for a light emitting
device in accordance with some embodiments of the invention for weight percent loadings of
light reflective material of - 0%, m- 0.4%, A-1.1% and ®-2%. The data are for screen printed
phosphor conversion layers in which the binder material comprises Nazdar’s® UV curable litho
clear overprint PSLC-294 and the phosphor material comprises Intematix Corporation’s
phosphor EY4453 with an average particle size of 15um. The ratio of phosphor material to clear
ink is in a proportion of 2:1 by weight. The light reflective material comprises Norcote
International Inc’s super white ink GN-027SA. The figures for loading of light reflective
material refer to weight percent of super white ink to clear ink. The smaller reference numerals
associated with each data point indicate the number ‘n’ of print passes used to form the phosphor
layer. It will be appreciated that the number of print passes is directly proportional to the
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thickness of the phosphor layer 18 and quantity of phosphor. The ovals 32, 34, 36, 38 arc used to
group data points for emission products that have substantially the same intensity and CIE x
values. For example oval 32 indicates that an emission product of similar intensity and color can
be produced for a phosphor conversion layers 18 comprising i) 3 print passes without light
reflective material and ii) 2 print passes with a 2% loading of light reflective material. These data
indicate that by the inclusion of a 2% weight loading of light reflective material it is possible to
generate the same color and intensity of light using a phosphor conversion layer 18 that
comprises about 33% less phosphor material. Oval 34 indicates that the same intensity and color
of emission product is produced for a phosphor conversion layer comprising 1) 4 print passes
without light reflective material and ii) 3 print passes with a 0.4% loading of light reflective
material. These data indicate that for this embodiment, by the inclusion of a 0.4% weight loading
of light reflective material, the same color and intensity of light can be produced using a
phosphor conversion layer comprising about 25% less phosphor. Oval 36 indicates that the same
intensity and color of emission product is produced for a phosphor conversion layer comprising
1) 4 print passes without light reflective material and ii) 3 print passes with a 1.1% loading of
light reflective material. These data indicate that by the inclusion of a 1.1% weight loading of
light reflective material the same color and intensity of light can be produced using a phosphor
conversion layer comprising about 25% less phosphor. Oval 38 indicates that the same intensity
and color of emission product is produced for a phosphor conversion layer comprising 1) 4 print
passes with a 0.4% weight loading of light reflective material and i1) 3 print passes with a 2%
weight loading of light reflective material. These data indicate by the inclusion of a 0.4% weight
loading of light reflective material that the same color and intensity of light can be produced
using a phosphor conversion layer comprising about 25% less phosphor. Points 40 (n=4, 1.1%
loading) and 42 (n=4, 2% loading) suggest that a saturation point exists above which an increase
in light reflective material loading results in a decrease in emission intensity with little effect on
the color.

[0001] FIG. 5 is a schematic representation of an LED-based white light emitting device 10
in accordance with another embodiment of the invention. In this embodiment the light
transmissive substrate 16 is configured as a light guide (waveguide) and the phosphor conversion
layer 18 is provided over one face of the substrate, the light emitting face. Typically the substrate

16 is substantially planar and can be disc-shaped, square, rectangular or other shapes depending
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on the application. Where the substrate is disc-shaped the diameter can typically be between
about 5cm and 30cm corresponding to a light emitting face of area of between about 20cm’” and
about 700cm’. Where the substrate is square or rectangular in form the sides can typically be
between about 5cm and 40cm corresponding to a light emitting face of between about 80cm?” and
about 5000cm’. On the non-light emitting face (the lower face as illustrated) of the substrate 16 a
layer of light reflective material 44 can be provided to prevent the emission of light from the rear
of the device. The reflective material 44 can comprise a metallic coating such as chromium or a
glossy white material such as a plastics material or paper. To minimize light being emitted from
the edges of the substrate, the edges of the substrate preferably include a light reflective surface
(not shown). One or more blue LEDs 12 are configured to couple blue light 26 into one or more
edges of the substrate 16. In operation light 26 coupled into the substrate 16 is guided throughout
the entire volume of the substrate 16 by total internal reflection. Light 26 striking the light
emitting face of the substrate at angles above a critical angle will be emitted through the face and
into the phosphor wavelength conversion layer 18. Operation of the device is the same as that
described with reference to FIG. 3. As indicated in FIG. § phosphor generated light 46 emitted in
directions away from the light emitting face can re-enter the substrate 16 and will eventually be
emitted through the light emitting face by being reflected by the light reflective layer 44. The
final illumination product 30 emitted from the device is the combination of the blue light 26
generated by the LED and wavelength converted light 28 generated by the phosphor wavelength
conversion layer 18.

[0002] FIG. 6 is a schematic representation of an alternative LED-based white light emitting
device 10 in which the light transmissive substrate 16 is configured as a light guide (waveguide).
In this embodiment the phosphor conversion layer 18 is provided on the face of the substrate that
is opposite to the light emitting face and the light reflective layer 44 is provided over the
phosphor conversion layer 18.

[0061] FIG. 7 shows a schematic representation of an LED-based white light emitting device
10 in accordance with a further embodiment of the invention. In this embodiment the wavelength
conversion component 14 is light reflective and comprises a light reflective surface 48 on which
the phosphor conversion layer 18 is applied. As shown the light reflective surface 48 can
comprise a parabloidal surface though it can comprise any surface including planar, convex and

concave surfaces. To maximize light emission from the device, the light reflective surface is as
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reflective as possible and preferably has a reflectance of at least 0.9. The light reflective surface
can comprise a polished metallic surface such as silver, aluminum, chromium; a light reflective
polymer, a light reflective paper or a light reflective paint. To assist in the dissipation of heat the
light reflective surface is preferably thermally conductive.

[0062] Operation of the light emitting device of FIG. 7 is illustrated in FIG. 8 and is not
described in detail as it is similar to that of FIG. 3. However it is to be appreciated that since on
average up to half of the LED light 26 will travel through the phosphor conversion layer twice,
the thickness of the phosphor conversion layer 18 can be of up to half, i.e. t/2, compared to
arrangements with a light transmissive wavelength conversion component (FIGS. 1 and 5). As a
result of providing the phosphor material on a light reflective surface the same color of emission
product can be achieved with a further potential reduction of up to about 50% in phosphor
material usage. It will be appreciated that the embodiment of FIG. 6 is similar in terms of
operation to that of FIG. 7 with the light transmissive substrate 16 being used to guide LED light
26 to the phosphor conversion layer 18.

[0063] Whilst the invention has been described in relation to light emitting devices the
principles of the invention also apply to solid-state light emitting signage that utilize
photoluminescence wavelength conversion to generate a desired color of emitted light such as
those disclosed in co-pending United States patent application US 2007/0240346 Al, to Li et al.,
the specification of which is incorporated herein by way of reference thereto. It will be
appreciated that in such light emitting signs the wavelength conversion component 14 can be
used as the photoluminescence signage surface to generate signage information of a desired
color. The mixture of phosphor material and light reflective material can be configured as a
pattern to define an image, picture, letter, numeral, device, pattern or other signage information
on the light transmissive substrate. Alternatively, as for example is required for channel lettering,
the shape of the signage surface, that is the light transmissive substrate, can be configured to
define signage information. The invention is particularly advantageous in signage applications
where the area of the signage surface is many hundreds of square centimeters requiring the
phosphor material to be distributed over a minimum area of 100cm? (10cm by 10cm) and more
typically over many hundreds or even thousands of square centimeters.

[0064] The signs can be backlit, that is the LEDs are located behind the signage surface

within for example a light box, and the signage surface provided overlaying the light box
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opening. Typically the signage surface is located at a distance of at least about Smm from the
LEDs. Alternatively the sign can be edge lit and the light transmissive substrate configured as a
light guide and the mixture of phosphor material and light reflective material provided on at least
a part of a light emitting face of the light guide.

[0065] In some embodiments, the light reflective material comprises titanium dioxide (TiO3)
though it can comprise other materials such as barium sulfate (BaSO4), magnesium oxide
(MgO), silicon dioxide (SiO,) or aluminum oxide (Al,O3). In some embodiments, the light
reflective material has an average particle size in a range 1um to 50um and more preferably in a
range 10um to 20pum.

[0066] In some embodiments, the light reflective/scattering material that is utilized within
the wavelength conversion component has a particle size that is selected such that the particles
will scatter excitation (typically blue) light relatively more than they will scatter light generated
by the photoluminescence (phosphor) material(s). For example, the light reflective particle size
may be selected such that the particles will scatter excitation light relatively at least twice as
much as they will scatter light generated by the at least one phosphor material. This ensures that
a higher proportion of the blue excitation light will be scattered, increasing the probability of the
photon interacting with a phosphor material particle and resulting in the generation of
photoluminescence light. At the same time phosphor generated light can pass through with a
lower probability of being scattered.

[0067] Since this approach can further increase the probability of blue photons interacting
with a phosphor material particle, less phosphor material is required to generate a selected
emission color. This arrangement can also increase luminous efficacy of the wavelength
conversion component/device. In some embodiments employing blue (400nm to 480nm)
excitation light, the light reflective material has an average particle size of less than about 150nm
and typically has an average particle size in a range 100nm to 150nm.

[0068] The light reflective/scattering material (i.e. for preferentially scattering blue light)
may be embedded within the same layer of material as the phosphor material.

[0069] Alternatively, light reflective/scattering material may be placed onto a separate layer
that is adjacent to or nearby the layer having the phosphor material. For example, In accordance
with some embodiments of the invention and as shown in FIG. 9 the wavelength conversion

component 136 comprises, in order, a light transmissive substrate 142, a light reflective layer
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144 containing light reflective particles and a wavelength conversion layer 146 containing a
mixture of one or more phosphor (photoluminescence) and light reflective materials. As can be
seen in FIG. 9 the wavelength conversion component 136 is configured such that in operation the
wavelength conversion layer 146 faces the LEDs. In accordance with some embodiments of the
invention the wavelength conversion component 136 can comprises, in order, a light
transmissive substrate 142, a light reflective layer 144 containing light reflective particles and a
wavelength conversion layer 146 containing a one or more phosphor (photoluminescence)
materials.

[0070] The light transmissive substrate 142 can be any material that is substantially
transmissive to light in a wavelength range 380nm to 740nm and can comprise a light
transmissive polymer such as a polycarbonate or acrylic or a glass such as a borosilicate glass.
The substrate 142 in some embodiments comprise a planar circular disc of diameter o= 62mm
and thickness t; which is typically 0.5mm to 3mm. In other embodiments the substrate can
comprise other geometries such as being convex or concave in form such as for example being
dome shaped or cylindrical.

[0071] The light diffusing layer 144 comprises a uniform thickness layer of particles of a
light reflective material, preferably titanium dioxide (Ti10,). In alternative arrangements the light
reflective material can comprise barium sulfate (BaSO4), magnesium oxide (MgO), silicon
dioxide (Si0;), aluminum oxide (Al,O3) or a powdered material with as high a reflectivity as
possible, typically a reflectance of 0.9 or higher. The light reflective material powder is
thoroughly mixed in known proportions with a light transmissive liquid binder material to form a
suspension and the resulting mixture deposited onto the face of the substrate 142 preferably by
screen printing to form a uniform layer of thickness t, (typically in a range 10um to 75um) that
covers the entire face of the substrate. The quantity of light diffracting material per unit area in
the light diffusing layer 144 will typically in a range 10pg.cm™ to Smg.cm™.

[0072] Whilst screen printing is a preferred method for depositing the light diffusing layer
144, it can be deposited using other techniques such as for example slot die coating, spin coating,
roller coating, drawdown coating or doctor blading. The binder material can comprise a curable
liquid polymer such as a polymer resin, a monomer resin, an acrylic, an epoxy (polyepoxide), a
silicone or a fluorinated polymer. It is important that the binder material is, in its cured state,

substantially transmissive to all wavelengths of light generated by the phosphor material(s) and
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the LEDs and preferably has a transmittance of at least 0.9 over the visible spectrum (380nm to
800nm). The binder material is preferably U.V. curable though it can be thermally curable,
solvent based or a combination thereof. U.V. or thermally curable binders can be preferable
because, unlike solvent-based materials, they do not “outgas” during polymerization. In one
arrangement the average particle size of the light diffractive material is in a range Sum to 15um
though as described above it can be in a nanometer range (nm) and is advantageously in a range
100nm to 150nm. The weight percent loading of light reflective material to liquid binder is
typically in a range 7% to 35%.

[0073] The wavelength conversion layer 146 is deposited in direct contact with the light
diffusing layer 144 that is without any intervening layers or air gaps. The phosphor material,
which is in powder form, is thoroughly mixed in known proportions with a liquid light
transmissive binder material to form a suspension and the resulting phosphor composition,
“phosphor ink”, deposited directly onto the reflective layer 144. The wavelength conversion
layer is preferably deposited by screen printing though other deposition techniques such as slot
die coating, spin coating or doctor blading can be used. To ecliminate an optical interface between
the wavelength conversion and reflective layers 146, 144 and to maximize the transmission of
light between layers, the same liquid binder material is preferably used to fabricate both layers;
that is, a polymer resin, a monomer resin, an acrylic, an epoxy, a silicone or a fluorinated
polymer.

[0074] A further example of a phosphor wavelength conversion component 136 in
accordance with the invention is illustrated in FIG. 10. In common with the wavelength
conversion component of FIG. 9 the component comprises a light transmissive substrate 142, a
light diffusing layer 144 and a wavelength conversion layer 146. In accordance with the
invention the light diffusing and wavelength conversion layers 144, 146 arc deposited in direct
contact with one another. Again in operation the component is configured such that the
wavelength conversion component is configured such that the wavelength conversion layer 146
faces the LEDs.

[0075] In operation blue excitation light 128 generated by the LEDs travels through the
wavelength conversion layer 146 until it strikes a particle of phosphor material. It is believed that
on average as little as 1 in 10,000 interactions of a photon with a phosphor material particle

results in absorption and generation of photo luminescence light 138. The majority, about
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99.99%, of interactions of photons with a phosphor particle result in scattering of the photon.
Due to the isotropic nature of the scattering process on average half of the photons will scattered
in a direction back towards the LEDs. Tests indicate that typically about 10% of the total
incident blue light 128 is scattered and emitted from the wavelength conversion component 136
in a direction back towards the LEDs. For a cool white light emitting device the amount of
phosphor material is selected to allow approximately 10% of the total incident blue light to be
emitted from the wavelength conversion component and contribute to the emission product 140.
The majority, approximately 80%, of the incident light is absorbed by the phosphor material and
re-emitted as photo luminescence light 138. Due to the isotropic nature of photo luminescence
light generation, approximately half of the light 138 generated by the phosphor material will be
emitted in a direction towards the LED. As a result only up to about 40% of the total incident
light will be emitted as light 138 of wavelength A, and contributes to the emission product 138
with the remaining (up to about 40%) of the total incident light being emitted as light 138 of
wavelength A, in a direction back towards the LED. Light emitted towards the LEDs from the
wavelength conversion component 136 is re-directed by the light reflective surfaces of a
reflection chamber to contribute to the emission product and to increase the overall efficiency of
the device.

[0076] The addition of a light diffusing layer 144 composed of particles of a light reflective
material can substantially reduce the quantity of phosphor material required to generate a
selected color of emitted light. The diffusing layer 144 increases the probability that a photon
will result in the generation of photoluminescence light by reflecting light back into the
wavelength conversion layer 146. Inclusion of a reflective layer in direct contact with the
wavelength conversion layer can reduce, the quantity of phosphor material required to generate a
given color emission product, ¢.g. by up to 40% in some embodiments.

[0077] Therefore, it is envisioned to configure the light diffusing layer such that it selectively
scatters blue excitation light generated by the LEDs more than it scatters light generated by the
phosphor material. Such a light diffusing layer ensures that a higher proportion of the blue light
emitted from the wavelength conversion layer will be scattered and directed by the light
reflective material back into the wavelength conversion layer increasing the probability of the
photon interacting with a phosphor material particle and resulting in the generation of

photoluminescence light. At the same time phosphor generated light can pass through the
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diffusing layer with a lower probability of being scattered. Since the diffusing layer increases the
probability of blue photons interacting with a phosphor material particle less phosphor material
is needed to generate a selected emission color.

[0078] In addition, such an arrangement can also increase luminous efficacy of the
wavelength conversion component/device. By appropriate selection of the average particle size
of the light scattering material it is possible to configure the light diffusing layer such that it
scatters blue light more readily than other colors, namely green and red. FIG. 11 shows plots of
relative light scattering versus TiO, average particle size (nm) for red, green and blue light. As
can be seen from FIG. 11 TiO; particles with an average particle size of 100nm to 150nm are
more than twice as likely to scatter blue light (450nm to 480nm) than they will scatter green light
(510nm to 550nm) or red light (630nm to 740nm). For example TiO, particles with an average
particle size of 100nm will scatter blue light nearly three times (2.9=0.97/0.33) more than it will
scatter green or red light. For TiO; particles with an average particle size of 200nm these will
scatter blue light over twice (2.3=1.6/0.7) as much as they will scatter green or red light. In
accordance with some embodiments of the invention the light diffractive particle size is
preferably selected such that the particles will scatter blue light relatively at least twice as much
as light generated by the phosphor material(s). The concept of a wavelength conversion
component including a light reflective layer comprised of light reflective particles that
preferentially scatter light corresponding to wavelengths generated by the LEDs compared with
light of wavelengths generated by the phosphor material is considered inventive in its own right.
[0079] Therefore, the light reflective/scattering material may be embodied in a separate layer
that is adjacent to, or near, a layer that includes the phosphor material. The separate light
reflective layer may be used instead of, and/or in addition to, mixing light reflective/scattering
material into the same layer as the phosphor material. Either the same, or different reflective
materials, may be used in the separate light reflective layer from the light reflective material that
is mixed with the phosphor material.

[0080] The inventive concepts disclosed herein may be applied to wavelength conversion
components that encompass any suitable shape. For example, consider the LED lighting device
200 illustrated in FIGS. 12 and 13 which shows a solid-state light bulb for replacing an
incandescent light bulb.

[0081] The LED lighting device 200 comprises a lighting base 204 that includes a screw base
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206. Screw base 206 is configured to fit within standard light bulb sockets, ¢.g. implemented as
a standard Edison screw base. An envelope 208 may extend around the upper portion of the
LED lighting device 200. The envelope 208 is a light-transmissive material (e.g. glass or plastic)
that provides protective and/or diffusive properties for the LED lighting device 200.

[0082] LED lighting device 200 comprises a wavelength conversion component 202 having
an clongated dome shape that extends from a lighting base 204. The blue LED device 12 resides
on the top surface of the lighting base 204, beneath the wavelength conversion component 202.
The three-dimensional nature of the wavelength conversion component 202 creates a relatively
large shape that surrounds the volume around and above the LEDs 12. Using three-dimensional
shapes for the wavelength conversion component 202 in a lighting device 200 allows for certain
functional advantages, such as the ability to perform light shaping for the light emitted by the
lighting device 200.

[0083] However, these types of three-dimensional shapes for the wavelength conversion
component 202 also correspond to a relatively large volume for the wavelength conversion
component which needs to be populated with adequate amounts of the phosphor materials. With
prior art approaches, a significantly large amount of phosphor material would therefore be
required to manufacture such wavelength conversion components 202. Embodiments of the
invention may be employed to reduce the amount of phosphor needed to manufacture such
wavelength conversion components 202. In particular, the wavelength conversion component
202 comprises a mixture of phosphors and a reflective material. Since the reflective material
within the wavelength conversion component 202 has the property of scattering light, this
reduces the amount of phosphor material that is needed for the wavelength conversion
component 202.

[0084] In some embodiments, a light diffusing layer (not shown) may be added to the
wavelength conversion component 202 (in addition to and/or instead of the reflective material
mixed with the phosphors) to reduce the amount of phosphor material required to manufacture
the wavelength conversion component 202. Any suitable material may be employed for the light
reflective material, such as light scattering particles that are selected to be small enough to more
likely scatter blue light.

[0085] Therefore, what has been described is an improved approach for implementing LED-

based lighting devices and/or wavelength conversion components that reduce the amount of
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photo-luminescent materials needed to manufacture such devices and components.

[0086] It will be appreciated that light emitting devices in accordance with the invention are
not limited to the exemplary embodiments described and that variations can be made within the
scope of the invention. For example whilst the invention has been described in relation to
LED-based light emitting devices the invention also applies to devices based on other solid-state

light emitters including solid-state lasers and laser diodes.
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CLAIMS

What 1s claimed is:

1. A light emitting device comprising:
at least one solid-state light emitter operable to generate excitation light; and
a photoluminescence wavelength conversion component comprising a mixture of

particles of at least one photoluminescence material and particles of a light reflective material.

2. The light emitting device of Claim 1, wherein an area over which the mixture of
photoluminescence material and light reflective material is distributed is at least fifty times the

light emitting area of the light emitter.

3. The light emitting device of Claim 1, wherein the wavelength conversion component is

locatable at a distance of at least Smm from the at least one light emitter.

4. The light emitting device of Claim 1, wherein the light reflective material has a particle
size in a range selected from the group consisting of: 0.01um to 10um; 0.01 um to lum and

0.1uym to Tum.

5. The light emitting device of Claim 1, wherein a weight percent loading of light reflective
material to the at least one photoluminescence material is in a range sclected from the group

consisting of: 0.01% to 10%; 0.01% to 1%; 0.1% to 1% and 0.5% to 1%.

6. The light emitting device of Claim 1, wherein the light reflective material is selected
from the group consisting of: magnesium oxide, titanium dioxide, barium sulfate and

combinations thereof.

7. The light emitting device of Claim 1, wherein the wavelength conversion component is
selected from the group consisting of: a light transmissive substrate on which the mixture of
photoluminescence material and light reflective material is provided as at least one layer; a light

transmissive substrate configured as a light guide and wherein the mixture of photoluminescence
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material and light reflective material is provided on at least a part of a face of the light guide; a
light transmissive substrate having the mixture of photoluminescence material and light
reflective material homogeneously distributed throughout its volume and a light reflective
surface on which the mixture of the photoluminescence material and light reflective material are

provided as at least one layer.

8. The light emitting device of Claim 1, wherein the at least one solid-state light emitter
comprises an LED that is operable to generate blue excitation light having a peak wavelength in

a wavelength range 440nm to 480nm.

9. The light emitting device of Claim 1, wherein the mixture of the photoluminescence

material and the light reflective material is distributed over an area of at least 0.8cm?,

10.  The light emitting device of Claim 1, wherein the particles of the light reflective material
corresponds to a particle size such that the particles scatter excitation light relatively more than

light generated by the at least one phosphor material.

11.  The light emitting device of Claim 1, further comprising a light diffusing layer that is

adjacent to the photoluminescence wavelength conversion component.

12.  The light emitting device of Claim 11, in which the light diffusing layer comprises
particles of light reflective material corresponding to a particle size such that the particles scatter
excitation light relatively more than light generated by the at least one photoluminescence

material.

13.  The light emitting device of Claim 12, wherein the light reflective material has a particle

size in a range 100 nm to 150nm.

14.  The light emitting device of Claim 1, in which the at least one photoluminescence

material comprises phosphor or quantum dots.
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15.  The light emitting device of Claim 1, configured as a light emitting sign.

16. A wavelength conversion component for a solid-state light emitting device comprising a
mixture of particles of at least one photoluminescence material and particles of a light reflective

material.

17.  The wavelength conversion component of Claim 16, wherein the light reflective material
has a particle size in a range selected from the group consisting of: 0.01 um to 10um; 0.01um to

Ium and 0.1 to Tpum.

18.  The wavelength conversion component of Claim 16, wherein a weight percent loading of
light reflective material to the at least one photoluminescence material is in a range selected from

the group consisting of: 0.01% to 10%; 0.01% to 1%; 0.1% to 1% and 0.5% to 1%.

19. The wavelength conversion component of Claim 16, wherein the wavelength conversion
component is selected from the group consisting of: a light transmissive substrate on which the
mixture of the at least one photoluminescence material and light reflective material are provided
as at least one layer; a light transmissive substrate configured as a light guide and wherein the
mixture of photoluminescence material and light reflective material is provided on at least a part
of a face of the light guide; a light transmissive substrate having the mixture of
photoluminescence material and light reflective material homogeneously distributed throughout
its volume and a light reflective surface on which the mixture of the photoluminescence material

and light reflective material are provided as at least one layer.

20.  The wavelength conversion component of Claim 16, wherein the mixture of the at least
one photoluminescence material and the light reflective material are distributed over an area of at

least 0.8cm?.

21.  The wavelength conversion component of Claim 16, wherein the particles of the light

reflective material corresponds to a particle size such that the particles scatter excitation light
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relatively more than light generated by the at least one phosphor material.

22.  The wavelength conversion component of Claim 21, wherein the light reflective material

has a particle size in a range 100 nm to 150nm.

23.  The wavelength conversion component of Claim 16, further comprising a light diffusing

layer that is adjacent to the photoluminescence wavelength conversion component.

24.  The wavelength conversion component of Claim 23, in which the light reflective layer
comprises particles of light reflective material corresponding to a particle size such that the
particles scatter excitation light relatively more than light generated by the at least one phosphor

material.
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