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(57) Abstract: Solid state lighting (SSL) luminaires are
disclosed having remote phosphors arranged to minimize
heat degradation and to efficiently convert light. One em-
bodiment of an SSL luminaire comprises a light emitting
diode (LED) mounted in a base. An enclosure is mounted
in relation to the base so that light from the LED emits
into the enclosure. A remote phosphor is mounted in the
enclosure with at least some light from the LED passing
into the remote phosphor where at least some of the light
is absorbed and re-emitted at a different wavelength and
passing through the enclosure. The remote phosphor is
mounted a sufficient distance from the LED so substantial-
ly no heat from the LED passes into said conversion mate-
rial, and wherein the remote phosphor has an open com-
pound shape.
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LIGHTING DEVICE WITH SHAPED REMOTE PHOSPHOR

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to lighting devices and -in
particular to solid state lighting devices comprising one

or more light emitting diodes and remote <conversion

materials.

Description of the Related Art

[0002] Light emitting diodes (LED or LEDs) are solid state
devices that convert electric energy to 1light, and
generally comprise one or more active layers of
semiconductor material sandwiched between oppositely doped
layers. When a bias is applied across the doped layers,
holes and electrons are injected into the active layer
where they recombine to generate light. Light is emitted

from the active layer and from all surfaces of the LED.

[0003] In order to use an LED chip in a circuit or other
like arrangement, it is known to enclose an LED chip in a
package to provide environmental and/or mechanical
protection, color selection, light focusing and the 1like.

An LED package can also include electrical leads, contacts
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or traces for electrically connecting the LED package to an
external circuit. In a typical LED package 10 illustrated
in FIG. 1, a single LED chip 12 is mounted on a reflective
cup 13 by means of a solder bond or conductive epoxy. One
or more wire bonds 11 connect the ohmic contacts of the LED
chip 12 to leads 15A and/or 15B, which may be attached to
or integral with the reflective cup 13. The reflective cup
may be filled with an encapsulant material 16 which may
contain a wavelength <conversion material such as a
phosphor. Light emitted by the LED at a first wavelength
may be absorbed by the phosphor, which may responsively
emit light af a second wavelength. The entire assembly is
then encapsulated in a clear protective resin 14, which may
be molded in the shape of a lens to shape the light emitted
from the LED chip 12.

[0004] LED packages 10 can generate white light by having a
blue emitting LED chip 12 covered by a conversion material
that absorbs blue light and re-emits yellow light. Some of
the blue 1light passes through the conversion material
without being converted such that the LED package 10 emits
a white light combination of blue and yellow. light. While
the reflective cup 13 may direct 1light in an upward
direction, optical losses may occur when the 1light is
reflected (i.e. some light may be absorbed by the reflector
cup due to the less than 100% reflectivity of practical
reflector surfaces). In addition, heat retention may be an
issue for a package such as the package 10 shown in FIG. 1,
since it may be difficult to extract heat through the leads
15A, 15B. Heat from the LED chip 12 and the surrounding
components can also spread into the conversion material,

which can degrade the conversion material over time,
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changing its conversion characteristics. This in turn can
result in the LED package 10 emitting different colors of

light over time.

[0005] A conventional LED package 20 illustrated in FIG. 2
may be more suited for high power operations which may
generate more heat. In the LED package 20, one or more LED
chips 22 are mounted onto a carrier such as a printed
circuit board (PCB) carrier, substrate or submount 23. One
or more of the LED chips 22 can be covered by a conversion
material so that the particular LED chip emits a white
light combination of light from the LED chip and the
conversion material. A metal reflector 24 mounted on the
submount 23 surrounds the LED chip(s) 22 and reflects light
emitted by the LED chips 22 away from the package 20. The
reflector 24 also provides mechanical protection to the LED
chips 22. One or more wirebond connections 11 are made
between ohmic contacts on the LED chips 22 and electrical
traces 25A, 25B on the submount 23. The mounted LED chips
22 are then covered with an encapsulant 26, which may
provide environmental and mechanical protection to the
chips while also acting as a lens. The metal reflector 24
is typically attached to the carrier by means of a solder

or epoxy bond.

[0006] Heat is more efficiently radiated from the LED chips
22 through the metal reflector 24, to the submount 23, and
any heat sink. Heat from the LED chips, however, can still
spread into the conversion material, causing degradation of
the <conversion characteristics. Like the ©package 10
described above, this can result in changing emission

characteristics for the LED package over time.
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~[0007] U.S. Patent No 6,350,041 to Tarsa, entitled "“High
Output Radial Dispersing Lamp Using a Solid State Light
Source,” discloses a number of lamp embodiments comprising
one or more solid state light sources at one end of a
separator, and a disperser at the other end of the
separator. Light from the LED light sources travels down
the separator where it can be dispersed in a radial pattern
by the disperser. The disperser <can also comprise a
wavelength conversion material that can convert all or some
of the incident light from the light sources. In different
embodiments the light sources can emit blue light and the
disperser comprises conversion material that absorbs blue
light and re-emits yellow light. The 1light emitting from
the disperser can comprise a white light combination of
blue light from the light sources and yellow light from the
conversion material. In another embodiment, an enclosure
can surround the separator and disperser and can contain a
yellow phosphor. Blue light from the light sources can be
radially dispersed by the disperser and can pass through
the enclosure where at least some of the blue 1light is
converted to yellow. The enclosure can then emit a white.

light combination blue and yellow light from the phosphor.

[0008] One characteristic of conversion materials is that
directional light that 1is incident on the conversion
material that is absorbed and re-emitted by the conversion
material is emitted in all directions. In embodiments where
the LED chip is covered by a conversion material, some of
the light re-emitted from the conversion material can be
directed back toward the package where it can be absorbed.
In other embodiments, the re-emitted light can be directed

in a path that causes it to pass through additional
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conversion material where it can be absorbed. In lamps
having an enclosure with a conversion material, a portion
of the light can be absorbed and re-emitted back inward to
the enclosure. The converted light must again pass through
the enclosure before it emits from the lamp, and during
these additional bpasses light can be absorbed by the
conversion material. This absorption can reduce the overall

emission efficiency of lamp.

SUMMARY OF THE INVENTION

[0009] The present invention 1s directed to lamps and
luminaires that have remote phosphors positioned in
relation to the lamp light sources so heat spreading from
the light sources to the remote phosphors is reduced or
eliminated. This can reduce the heat degradation of the
phosphors. The present invention also provides remote
phosphors with shapes that minimize the absorption of light
from the phosphor, thereby increasing the overall

efficiency of the lamp.

[0010] One embodiment of a solid state lighting (SSL)
luminaire according to the present invention comprises a
solid state light source and a remote phosphor mounted in
relation to the light source so that light from the light
source passes through the remote phosphor where at least
some of the 1light source light is converted. The remote
phosphor has an open compound shape, and 1is mounted a
sufficient distance from the 1light source so that
substantially no heat from the light source passes into the

remote phosphor.
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[0011] One embodiment of a lamp according to the present
invention comprises a light emitting diode (LED) and a
remote conversion material mounted in relation to the LED
so that 1light from the LED passes through the conversion
material where at least some of the LED light is absorbed
and re-emitted at a different wavelength. The conversion
" material is also mounted a sufficient distance from the LED
so that heat from the LED does not pass into the conversion
material. The conversion material has a shape that
minimizes re-emitted 1light passing into the conversion

material.

[0012] Another embodiment of a solid state lighting (SSL)
luminaire comprises a solid state light source mounted in a
base with an enclosure mounted in relation to the base so
that light from the light source emits into the enclosure.
A remote phosphor is mounted in the enclosure with at least
some light from the 1light source paésing into the remote
phosphor where at least some of the light is absorbed and
re-emitted at a different wavelength. The remote phosphor
is mounted a sufficient distance from the 1light source so
substantially no heat from the light source passes into the
remote phosphor, and wherein the remote phosphor has a
shape that minimizes re-emitted light passing back into the

conversion material.

[0013] These and other aspects and advantages of the
invention will become apparent from the following detailed
description and the accompanying drawings which illustrate

by way of example the features of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows a sectional view of one embodiment of a

prior art LED lamp;

[0015] FIG. 2 shows a sectional view of another embodiment

of a prior art LED lamp;

[0016] FIG. 3 1is a CIE diagram showing the tie lines

between BSY and red emitters;

[0017] FIG. 4 is a sectional view of one embodiment of a

lamp according to the present invention;

[0018] FIG. 5 is a perspective view of one embodiment of a

remote phosphor according to the present invention;

[0019] FIG. 6 is a perspective view of another embodiment

of a remote phosphor according to the present invention;

[0020] FIG. 7 is a perspective view of another embodiment

of a remote phosphor according to the present invention;

[0021] FIG. 8 1is perspective view of still another
embodiment of a remote phosphor according to the present

invention;

[0022] FIG. 9 is a sectional view of another embodiment of

a lamp according to the present invention;

[0023] FIG. 10 is a sectional view of still another

embodiment of a lamp according to the present invention;

[0024] FIG. 11 is a sectional view of still another
embodiment of a remote phosphor according to the present

invention;
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[0025] FIG. 12 is a top view of still another embodiment of

a remote phosphor according to the present invention; and

[0026] FIG. 13 is a sectional view of another embodiment of
a lamp according to the present invention having two remote

phosphors.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention is directed to the use of
shaped remote phosphors to provide more efficient and more
uniform color and flux distribution of 1light from a lamp.
The remote phosphors according to the present invention can
be arranged to allow for operation of the lamp with minimal
or no heat from the 1light source spreading into the
phosphor. The remote phosphor is also arranged to minimize
the amount of phosphor re-emitted light the passes through
the phosphor material additional times following initial
conversion. This reduces the amount of light that is
absorbed by the remote phosphor and increases the overall

emission efficiency of the lamp.

[0028] Embodiments according to the present invention can
comprise one or more light emitting diodes (LED or LEDs)
whose emission is incident on the remote phosphor so that
at least some of the light is absorbed by the phosphor and
re-emitted at a different wavelength of 1light. 1In one
embodiment, the LEDs can emit a blue light, with the remote
phosphor absorbing at lease some of the blue LED light and
re-emitting a yellow light. The lamp can then emit white

light combination of blue and yellow light.

[0029] Other embodiments according to the present invention

can utilize different techniques for generating white light
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from a plurality of discrete 1light sources to provide
improved CRI at the desired color temperature. Some of
these techniques have been developed that utilize different
hues from different discrete light sources, such as those
described in U.S. Patent No. 7,213,940, entitled "“Lighting
Device and Lighting Method”. In one such arrangement the
light from one or more 452nm peak blue InGaN LEDs was
converted by a yellow conversion material, such as a YAG:Ce
phosphor, to provide a color that was distinctly yellow and
had a color point that fell well above the black body
locus. The yellow emission was combined with the light from
reddish AlInGaP LEDs that “pulled” the yellow color of the
yellow LEDs to the black body curve to produce warm white
light. FIG. 3 shows a CIE diagram 30 with the tie lines 32
between red light 34 from réd emitting LEDs and various
yellow and yellowish points on the blue/YAG tie line 36.
With this approach, high efficacy warm white light can be
‘produced with improved CRI. Some embodiments exhibited
improved efficacy, with CRI Ra of greater than 90 at color

temperatures below 3500 K.

[0030] Utilizing this approach according to the present
invention, a remote YAG:Ce phosphor can be utilized to
- convert the blue light to yellow. A reddish AlInGaP LED can
be included to pull yellow light from the remote phosphor
to the black body cure. The remote phosphor can be arranged
so that none or a minimal amount of heat from the LEDs
passes into the phosphor to avoid heat degradation. The
remote phosphor can also be shaped to provide a uniform
distribution of 1light from the lamp while minimizing
absorption of re-emitted light. In still other embodiments,

the remote phosphor can comprise YAG:CE phosphor and a red
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phosphor so that the lamp emits the desired CRI and color

temperature.

[0031] The shape of different embodiments of the remote
phosphor can depend on the configuration of the overall
lamp. The LED 1light source may, for example, be self
ballasted and can comprise a single chip, such as a blue
chip, or multiple chips of the same or different colors.
The lamp can have the bulb or other enclosure that in some
embodiments can be the shape and size of a standard bulb,
although it 1is understood that the present invention is
directed to lamps of many different shapes and sizes. The
remote phosphor can be mounted within the enclosure using
many different methods so that 1light from the LED light
source 1is directed towards and passes into the remote
phosphor. The remote phosphor may be any suitable color
phosphor, such as YAG. The phosphor may be formed into a
fixed shape, and in some embodiments the phosphor can be
mixed in binders that are mechanically rigid when cured.
The remote phosphors can be formed using many different

known techniques such as injection molding.

[0032] The shape of the remote phosphor should be such that
it 'maximizes_ the emission uniformity of the re-emitted
light while at the same time minimizing the re-emitted
light that is absorbed by the remote phosphor. Different
embodiments of the remote phosphor can have compound, open
shapes that allow for the re-emitted light from the remote
phosphor in all directions. That is, the remote phosphor
should have one or more angled surfaces to allow for
emission sideways, but should not close on itself, such as

in a hemispheric enclosure, so the amount of re-emitted

10
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light passing into the phosphor a second time is minimized.
In some embodiments, the remote phosphor can be
substantially planar with sections that curve or bend. 1In
other embodiments the remote phosphor can take other shapes
with one such shape being a hyperbolic paraboloid or
multiple hyperbolic paraboloids formed into one structure.
In different embodiments of hyperbolic paraboloid can have
different radiuses of curvature for different portions of

the structure.

[0033] The remote phosphor can also have different
characteristics to provide the desired emission pattern
from the lamp. In some embodiments, the remote phosphor can
have regions with different thickness, with the sections of
greater thickness presenting more phosphor for the light to
pass through. In. other embodiments the remote phosphor can
different concentrations of phosphors in different regions.
In other embodiments, the remote phosphor can also have
more than one phosphor mixed throughout, or can haVe
different regions of different phosphors. The remote
phosphor can also have dispersing agents arranged
throughout, or dispersing agents arranged in different
concentrations in different regions. The remote phosphor

can also have regions that are substantially transparent.

[0034] The present invention 1is described herein with
reference to certain embodiments, but it is understood that
the invention can be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. In particular, the present invention is
described below in regards to certain lamps or lighting

components or luminaires that can have one or more LEDs or

11
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LED chips in different configurations. These are generally
referred to as solid state lighting (SSL) luminaires, but
it-is understood that the present invention can be used for
many other lamps having many different array configurations
of different emitter types. The components can have
different shapes and sizes beyond those shown and different

numbers of LEDs can be included in the lamps.

[0035] It is also understood that when an element such as a

W ”

layer, region or substrate is referred to as being “on
another element, it can be directly on the other element or
intervening elements may also be present. Furthermore,
relative terms such as “inner”, “outer”, “upper”, "“above”,
“lower”, “beneath”, and “below”, and similar terms, may be
used herein to describe a relationship of one layer or
another region. It 1s wunderstood that these terms are

intended to encompass different orientations of the device

in addition to the orientation depicted in the figures.

[0036] Although the terms first, second, etc. may be used
herein to describe various elements, components, and/or
sections, these elements, components, and/or sectioné
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer
or section from another region, layer or section. Thus, a
first element, component, region, layer or section
discussed below could Dbe termed a second element,
component, region, layer or section without departing from

the teachings of the present invention.

[0037] Embodiments of the invention are described herein
with reference to cross-sectional view illustrations that

are schematic illustrations of embodiments of the

12
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invention. As such, the actual thickness of the layers can
be different, and variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances are expected. Embodiments of
the invention should not be construed as limited to the
particular shapes of the regions illustrated herein but are
to include deviations in shapes that result, for example,
from manufacturing. A region illustrated or described as
square or rectangular will typically have rounded or curved
features due to normal manufacturing tolerances. Thus, the
regions illustrated in the figures are schematic in nature
and their shapes are not intended to illustrate the precise
shape of a region of a device and are not intended to limit

the scope of the invention.

[0038] It is understood that the arrangements described
herein can be utilized in many different luminaires having
different features arranged in different ways. FIG. 4 shows
one embodiment of lamp 50 comprising a base 52, a light
source 54, an enclosure 56 and a remote phosphor 58. The
base 52 can be sized and arranged to fit in an electrical
receptacle and in some embodiments can be arranged to fit
in conventional electrical receptacles. For example, the
electrical receptacle can be a standard Edison socket, and
the base 52 can comprise a screw-threaded portion which can
be screwed into an Edison socket. In other embodiments, the
base can be a standard plug and the electrical receptacle
can be a standard outlet, or the base can be a GU24 base
unit, or it can be a clip and the electrical receptacle can
be a receptacle which receives and retains the clip (e.g.,
as used in many fluorescent lights). These are only a few

of the options for the base and receptacles, and different

13
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arrangements can be used that safely deliver electricity

from the receptacle to the base 52.

[0039] The base 52 can comprise a converter that can
comprise circuitry to convert a power source to an
electrical signal useful for driving the light source 54.
In one embodimenﬁ the conversion circuitry can comprise a
conventional rectifier and high voltage converter. If power
of an alternating current (AC) 1is supplied, the conversion
circuitry can convert the AC power and supply energy to the
light source 54 in a form that causes the light source 54
to emit 1light. 1In one embodiment the AC power can be

converted to DC power.

[0040] In different embodiments of the present invention
the light source 54 can comprise one or more solid state
light emitters. Such emitters are known in the art and
comprise a wide variety of emitters such as different light
emitting diodes (inorganic or organic, including polymer
light emitting diodes (PLEDs)), laser diodes, thin film
electroluminescent devices, light emitting polymers (LEPs).
.The operation and manufacture of these emitters is
generally known and is not discussed in detail herein. The
materials out of which such devices are made are also
generally known and as such are not discussed in detail.
The 1light source can comprise one or more commercially
available LED based emitters and packages, and in one
embodiment the light source can comprise one or more such
emitters commercially available from Cree, Inc. in Durham,
North Carolina. These can include but are not limited to
Cree’'s XLamp® LEDs or its MXP LEDs. In the embodiment

shown, one LED based light source 54 is utilized, but it is

14
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understood that in other embodiments more than one 1light

source can be used.

[0041] The lamp 50 further comprises an enclosure 56 that
surrounds the remote phosphor 58 and is mounted to the base
52. The enclosure 56 <can be made of many different
materials,"such as glass or plastic, and can have many
different shapes and sizes. The enclosure 56 can be
transparent to light from the 1light source 54 and the
remote phosphor, or can comprise a diffusing particles or a
diffusing surface to help mix the 1light as it passes
through the enclosure 56. In other embodiments portions of
the enclosure can be diffusive, while other portions can be
transparent or clear. The enclosure 56 <can be many
different sizes including the‘sizes corresponding to known
standard light bulb sizes. In the embodiment shown, the
enclosure 56 fully surrounds and encloses the remote
phosphor 58, bht it is understood that in different
embodiments the enclosure may be less than full and can
surround less than all of the remote phosphor 58. Other

embodiments can also be arranged without an enclosure.

[0042] A remote phosphor 58 is arranged within the
enclosure 56 and can comprise one Or more conversion
materials, typically fixed within a rigid binder material.
The remote phosphor 1is positioned within the enclosure so
that light from the light source 54 passes into the remote
phosphor where at least some of the light is wavelength
converted by the conversion material. The remote phosphor
58 is mounted a sufficient distance from the 1light source
54 to minimize or eliminate the amount of heat that spreads

from the light source to the conversion material in the

15
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remote phosphor 58. This in turn minimizes the heat
degradation that the conversion material can experience-
over time. The remote phosphor 58 can be mounted within
the enclosure 56 using many different mounting methods and
in one embodiment the remote phosphor 58.can be mounted to
the inside surface of the enclosure 56 using conventional
bonding materials. This is only one of the many methods for
mounting the remote phosphor within the enclosure, with

some alternative mounting methods described below.

[0043] Different materials can be used for the binder in
the remote phosphor, with materials preferably being robust
after curing and substantially transparent in the visible
wavelength spectrum. Suitable material include silicones,
epoxies, glass, - inorganic glass, spin-on glass,
dieleqtrics, BCB, polymides, polymers and hybrids thereof,
with the preferred material being silicone because of its
high tranéparency and reliability in high power LEDs.
Suitable phenyl- and methyl-based =~ silicones are
commercially available from Dow® Chemical. The binder can
be cured using many different curing methods depending on
different factors such as the type of binder used.
Different curing methods include but are not limited to

heat, ultraviolet (UV), infrared (IR) or air curing.

[0044] Many different phosphors can be used in the remote
phosphor with the present invention being particularly
adapted to LED chips emitting white light. As described
above, in some embodiments according to the present
invention the light source 54 can be LED based and can emit
light in the blue wavelength spectrum and the phosphor
absorbs some of the blue light and re-emits yellow. The LED

16



WO 2011/081644 PCT/US2010/003146

chips emit a white 1light combination of blue and yellow
light. In other embodiments according to .the present
invention, 1light from a blue LED can be converted by a
yellow conversion material, such as a YAG:Ce phosphor, to
. provide a color that was distinctly yellow and has a color
point that above the black body locus on a CIE diagram. A
reddish emitting LEDs provides a 1light that “pulls” the
yellow color of the yellow LEDs to the black body curve to
produce warm white light as described in U.S. Patent No.
7,213,940, mentioned above and incorporated by reference in

its entirety.

[0045] For the blue light converted to yellow a
commercially available YAG:Ce phosphor can be |used,
although a full range of broad yellow spectral emission is
possible using conversion particles made of phosphors based
on the (Gd,Y)3(Al,Ga)s0;,:Ce system, such as the Y3Als0,2:Ce
(YAG). Other yellow phosphors that can be used for white
emitting LED chips include:

Tbs3-xRE012:Ce (TAG) ; RE=Y, Gd, La, Lu; or

Sra_x-yBayCaySiO4: Eu.

[0046] First and second phosphors can also be combined in
the remote phosphor 58 for higher CRI white of different
white hue (warm white) with the yellow phosphors above
combined with red phosphors. Different red phosphors can be
used including:

Sr.Caj;-xS:Eu, Y; Y=halide;

CaSiAlNs:Eu; or

Sr;-yCayS5i04:Eu

[0047] Other phosphors can be used to create saturated

color emission by converting substantially all 1light to a

17
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particular color. For example, the following phosphors can
be used to generate green saturated light:

SrGaj;S;:Eu;

Sr;-yBaySiO4:Eu; or

SrSi,0sN,:Eu.

[0048] The following lists some additional suitable
phosphors used as conversion particles in LED chips 10,
although others can be used. Each exhibits excitation in
the blue and/or UV emission spectrum, provides a desirable
peak emission, has efficient 1light conversion, and has

acceptable Stokes shift:

YELLOW/GREEN
(Sr,Ca,Ba) (Al,Ga),Ss :Eu?*

Ba, (Mg, Zn) Si,07: Eu®*
Gdo.46Sr0.31A11.230xF1.38: Eu®’0. g6
(Baj-x-ySryCay) Si0O4:Eu
Ba,SiO,: Eu?*

RED
Lu,03:Eu’*

(Sraz-xLay) (Cey1-xEuy) Oqg
SryCe;-xEuyOq
Sry-xEu,CeOy
SrTiO;:Pr3*, Ga®*
CaAlSiNs:Eu®*

Srzsi5N3:Eu2+
[0049] Different factors determine the amount of LED light

that will be absorbed by the conversion material in the

remote phosphor, including but not limited to the size of

18
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the phosphor particles, the percentage of phosphor loading,
the type of binder material, the efficiency of the match
between the type of phosphor and wavelength of emitted
light, and the thickness of the phosphor/binding layer.
These different factors can be controlled to control the
emission wavelength of the LED chips according to the

present invention.

[0050] Different sized phosphor particles can be used
including but not limited to particles in the range of 10
nanometers (nm) to 30 micrometers (um), or larger. Smaller
particle sizes typically scatter and mix colors better than
larger sized particles to provide a more uniform 1light.
Larger particles are typically more efficient at converting
light compared to smaller particles, but emit a less
uniform light. The remote phosphor 54 can also have
different concentrations or loading of phosphor materials
in the binder, with a typical concentration being in range
of 30-70% by weight. In one embodiment, the phosphor
concentration 1is approximately 65% by weight, and 1is
preferably uniformly dispersed throughout the remote
phosphor. As discussed in more detail below, the remote
phosphor 58 can have different regions with different
conversion materials and different concentrations of

conversion material.

[0051] The remote phosphor 58 can also comprise scattering
particles on its surface or within the binder. The remote
phosphor can have different concentrations of scattering
particles depending on the application and materials used.
A suitable range for scattering particle concentration is

from 0.01% to 0.2%, but it is understood that the
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concentration can be higher or lower. In some embodiments
the concentration can be as low as 0.001%. For some
scattering particles there can be an increase in loss due
to absorption for higher concentrations. Thus, the
concentrations of the scattering particles should be chosen
in order to maintain an acceptable loss figure. The
scattering particles can comprise many different materials

including but not limited to:

silica gel;

zinc oxide (ZnO);
yttrium oxide (Y203);
titanium dioxide (TiO;);
barium sulfate (BaSO):
alumina (Alﬂﬁ);

fused silica (Si02);
fumed silica (Si0;);
aluminum nitride;

glass beads;

ziESPQ;um dioxide (Zr0;);
silicon carbide (SiC);
tantalum oxide (TaOs);
silicon nitride (Si3Ng):;
niobium oxide (NbyOs);
boron nitride (BN); or

phosphor particles (e.g., YAG:Ce, BOSE)

Various combinations of materials or combinations of
different forms of the same material may be used to achieve

a particular scattering effect.

[0052] As discussed above, the remote phosphor 58 can have

a shape that enhances emission uniformity of light from the
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lamp 50 while at the same time minimizing the re-emitted
light that is absorbed by the remote phosphor. The 1light
absorbed by the phosphor 1is minimized by reducing the
amount of light thatvis initially converted and re-emitted
by the conversion material within the remote phosphor, from
-eﬁtering the remote phosphor additional times after initial
re-emission. This reduces the absorption of the light that
can occur during these subsequent passes through the

phosphor.

[0053] This can be achieved using particular shapes for the
remote phosphor 58, and in some embodiments the remote
phosphor 58 have compound, open shapes that allow for the
re-emitted light from the remote phosphor in all
directions. That is, the remote phosphor should have one or
more angled surfaces to allow for emission sideways, but
should not have a minimal number or no surfaces that close
on or that face each other. Examples of remote phosphors
having surfaces facing on another include hemispheric
shaped remote phosphors or enclosures. These phosphors are
characterized by having surfaces that face each other where
a portion of light re-emitted from the phosphor on one wall
emits inward, where it can pass through the enclosure at
least a second time before it emits from the lamp. During
these subsequent passes the light can be absorbed, reducing
the overall emission efficiency the lamp. The embodiments
according to the present invention are arranged to minimize

these losses.

[0054] Referring now to FIG. 5, the remote phosphor 58 1is
generally planar, but also includes bends or curves with

relatively high radiuses of curvature such that the remote
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phosphor 58 has a wavy or W-shaped profile. Light from the
light source 52 passes into the remove phosphor 58 where it
is converted and re-emitted by the conversion material in
remote phosphor. Light emits from the remote phosphor in
all directions, with light from the bend promoting emission
sideways from the remote phosphor 58. At the same time, the
bends have a sufficiently large radius of curvature such
that the remote phosphor does not have any facing surfaces,
which reduces that amount of light that passes through the

remote phosphor a second time where it can be absorbed.

[0055] It is wunderstood that in different embodiments
according to the present invention the remote phosphor 58
can- take many different shapes. For example, the remote
phosphor 58 as shown in FIG. 4 can have more or fewer bends
such that it is U-shaped or V-shaped, or can have different
bends with different radiuses of curvature. There can be
multiple Dbends in different locations and different
embodiments the remote phosphor can take more complex
compound shapes. The remote phosphor 58 is shown as being
'mgquare, but it is understood that it <can take many
different shapes including but not limited to circular,

oval, rectangular, pentagon, hexagon, octagon, etc.

[0056] FIG. 6 shows an embodiment of a remote phosphor 60
according to the present invention having a more complex
shape, with the remote phosphor 60 having a generally
hyperbolic paraboloid shape. These shapes generally
comprise doubly ruled surface shaped like a saddle, and in
most embodiments that radius of curvature for the different
sections should be such that there are no facing surfaces

or the number of facing surfaces is minimizes. It 1is
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generally an open shape and when viewed form the top, the
remote phosphor 60 comprises a circular shape. This shape
may be more compatible with lamp enclosures having a
circular cross-section, but can also be used in other

lamps.

[0057] FIG. 7 shows another embodiment of a hyperbolic
paraboloid shaped remote phosphor 70 that is similar is
similar to the remote phosphor 60 in FIG. 6. The remote
phosphor 70 also has a generally open shape with the number
of - facing surfaces minimized or eliminated. In this
embodiment, however, the remote phosphor 70 has flat edges,
giving the remote phosphor a square shape when viewed from
the top. This remote phosphor may be more compatible with
enclosures having a square cross-sectioh, although it can

also be used in other lamps.

[0058] It is understood that the remote phosphor can take
many different compound shapes beyond those described
above. For example, FIG. 8 shows a generally hyperbolic
paraboloid shaped remote phosphor 80 according to the
present invention having a more complex shape. It is also a
generally open shape and comprises multiple edges and
surfaces with different radiuses of curvature. The shape
provides angled surfaces to promote sideways re-emission
from the phosphor, while still minimizing the number of
facing surfaces. It is understood that FIGs. 5-8 show only
a few examples of the different shapes that can be used for

the remote phosphors according to the present invention.

[0059] 1In lamp' 50 in FIG. 4, the remote phosphor 58 1is
mounted to the 1inside of the enclosure, but it is

understood that the remote phosphor can be mounted to
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within the 1lamp in many different ways. FIG. 9 shows
another embodiment of lamp 90 comprising a base 92, a light
source 94, an enclosure 96 and a remote phosphor 98,
similar to those described above. In this embodiment, the
remote phosphor is mounted within the enclosure by rigid
supports 99 that pass from the base to the remote phosphor
98. The supports hold the remote phosphor above the light
source 94 so that light from the light source passes into
the remote phosphor, while holding the remote phosphor a
sufficient distance from the light source 94 to avoid the
transfer of heat from to the remote phosphor from the light
sources. In some embodiments the supports 99 can also be
made of a material that resists the transfer of heat from

the base 92 to the remote phosphor 98.

[0001] FIG. 10 shows another embodiment of a lamp 100
having a base 102, a light source 104, an enclosure 106
and a remote phosphor 108 similar to those described above.
In this émbodiment, however, the remote phosphor 108 1is
held above the 1light source 104 by a mechanism 109 that
passes between the top surface of the enclosure and
suspends the remote phosphor 108 above the 1light source
104. Many different mechanisms can be used such as
brackets, wires, chains or other supports. Like the
embodiments above, the remote phosphor is held a sufficient
distance from the 1light source to minimize heat transfer

from the light source 104 to the remote phosphor 108.

[0002] As mentioned above, the <remote phosphors can be
arranged in many different ways. FIG. 11 shows another
embodiment of a remote phosphor 120 having regions with

different thicknesses, with thicker regions 122 providing
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angled surfaces to promote sideways emission. The phosphor
material can have a uniform concentration throughout or can
have different concentration, such as reduced concentration
in the thicker region 122 so that light source light passes
through similar amounts of conversion material when passing
through = the thinner or thicker regions. In other
embodiments, the thicker regions can have hollow portions
so that light source light passes through similar amounts
of conversion material in different regions. FIG. 12 shows
still anothef embodiment of a remote phosphor 130 according
to the present invention having different regions 132a-d
with different types of conversion materials, or with no
conversion material. It is understood that the different
regions can have many different shapes and sizes and can
contain many different conversion materials to generate the

desired lamp emission.

[0003] It is also understood that lamps according to the
present invention can also have more than one remote
phosphor, with the multiple phosphors arranged in different
ways. FIG. 13 shows one embodiment of a lamp 140 according
to the present invention having two remote phosphors 142,
144 mounted within the lamp enclosure. The remote phosphors
142, 144 can have the same or similar shapes and can have
the same or different conversion materials arranged in
different ways. Other lamps according to the present

invention can have more than two remote phosphors.

[0004] Many alterations and modifications may be made by
those having ordinary skill in the art, given the benefit
of the present disclosure, without departing from the

spirit and scope of the inventive subject matter.
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Therefore, it must be understood that the illustrated
embodiments have been set forth only for the purposes of
example, and that it should not be taken as limiting the
inventive subject matter as defined by the following
claims. Therefore, the spirit and scope of the invention

should not be limited to the versions described above.
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WE CLAIM:

1. A solid state lighting (SSL) luminaire, comprising:

a solid state light source;

a remote phosphor mounted in relation to said 1light
source so that light from said light source passes through
said remote phosphor where at least some of said light
source light is converted, said remote phosphor having an
open compound shape, and mounted a sufficient distance from
said light source so that substantially no heat from said

light source passes into said remote phosphor.

2. The luminaire of claim 1, wherein said remote phosphor

comprises a phosphor in a binder.

3. The luminaire of claim 1, wherein said remote phosphor

has regions with different concentrations of phosphors.

4. The luminaire of claim 1, wherein said remote phosphor

comprises more than one type of phosphor.

5. The luminaire of claim 1, wherein said remote phosphor

comprises different phosphors in different regions.

6. The luminaire of claim 1, further comprising a base

and an enclosure.

7. The luminaire of claim 1, wherein said remote phosphor

has no surfaces that face each another.

8. The luminaire of claim 1, wherein said remote phosphor

has a hyperbolic paraboloid shape.
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9. The luminaire of claim 1, wherein the remote phosphor

has different thicknesses.

10. The luminaire of claim 1, wherein said remote phosphor

is substantially planar and has curves or bends.

11. The luminaire of c¢laim 1, emitting a white 1light
combination from said 1light source and said remote

phosphor.

12. A lamp, comprising:

a light emitting diode (LED); and

a remote conversion material mounted in relation to
said LED so that light from said LED passes through said
conversion material where at least some of said LED light
is absorbed and re-emitted at a different wavelength, and
conversion material mounted a sufficient distance from said
LED so that heat from said LED does not passes into said
conversion material, wherein said conversion material has a
shape that minimizes re-emitted 1light passing into said

conversion material.

13. The lamp according to claim 12, wherein said remote

conversion material is fixed in a binder.

14. The lamp according to claim 12, wherein said

conversion material is in a compound and open shape.

15. The lamp according to claim 12, wherein said

conversion material is in a hyperbolic paraboloid shape.
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16. The lamp of claim 12, wherein said remote phosphor has

no surfaces that face each another.

17. A solid state lighting (SSL) luminaire, comprising:

a solid state light source mounted in a base;

an enclosure mounted in relation to said base so that
light from said light source emits into said enclosure; aﬁd

a remote phosphor mounted in said enclosure with at
least some light from said light source passes into said
remote phosphor where at least some of said 1light is
absorbed and re-emitted at a different wavelength, said
remote phosphor mounted a sufficient distance from said
light source so substantially no heat from .said 1light
source- passes into said remote phosphor, wherein said
remote phosphor has a shape that minimizes re—emitted light

passing back into said conversion material.

18. The luminaire of claim 17, wherein said enclosure 1is

mounted to said base.

19. The luminaire of claim 17, wherein said base can be

mounted to a standard light bulb socket.

20. The luminaire of claim 17, wherein said base comprises

a power converter.

21. The luminaire of claim 17, wherein said light source

comprises a light emitting diode (LED).

22. The luminaire of claim 17, wherein said remote

phosphor comprises a conversion material fixed in a binder.
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23. The luminaire of claim 17, wherein said remote

phosphor has a compound and open shape.

24. The luminaire of claim 17, wherein said conversion

material has a hyperbolic paraboloid shape.

25. A solid state lighting (SSL) luminaire, comprising:

a light emitting diode (LED) mounted in a base;

an enclosure mounted in relation to said base so that
light from said LED emits into said enclosure; and

a remote phosphor mounted in said enclosure with at
least some light from said LED passes into said remote
'phosphor where at least some of said light is absorbed and
re-emitted at a different wavelength and passing through
said enclosure, said remote phosphor mounted a sufficient
distance from said LED so substantially no heat from said
LED passes into said conversion material, wherein said

remote phosphor has an open compound shape.
26. The luminaire of claim 25, wherein said remote phosphor

has a. shape that minimizes re-emitted light passing back

into said remote phosphor.
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