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LED BASED PEDESTAL-TYPE LIGHTING STRUCTURE

This application claims the benefit of U.S.
Provisional Patent Application serial number 61/339,516,
filed on March 3, 2010, and U.S. Provisional Patent
Application serial number 61/339,515, filed on March 3,
2010. | |

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to solid state lamps and
bulbs and in particular to light emitting diode (LED) based
lamps and bulbs capable of providing omnidirectional
emission patterns similar to those of filament based light

sources.

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
Jlayers. When a bias 1is applied across the doped layers,
holes and electrons are injected into the active layer
where they recombine to generate light. Light 1is emitted

from the active layer and from all surfaces of the LED.
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[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 like.
An LED package also includes electrical leads, contacts 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 at 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 collimate the 1light
emitted from the LED chip 12. While the reflective cup 13
may direct light in an upward direction, optical losses may
occur when the light 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. la, since it may be difficult to
extract heat through the leads 15A, 15B.

[0004] 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
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circuit board (PCB) carrier, substrate or submount 23. 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.

[0005] LED chips, such as those found in the LED package 20
of FIG. 2 can be coated by conversion material comprising
one or more phosphors, with the phosphors absorbing at
least some of the LED 1light. The LED chip can emit a
different wavelength of 1light such that i1t emits a
combination of light from the LED and the phosphor. The LED
chip(s) can be coated with a phosphor using many different
methods, with one suitable method being described in U.S.
Patent Applications Serial Nos. 11/656,759 and 11/899,790,
both to Chitnis et' al. and both entitled ™“Wafer Level
Phosphor Coating Method and Devices Fabricated Utilizing
Method”. Alternatively, the LEDs can be coated using other
methods such as electrophoretic deposition (EPD), with a
suitable EPD method described in U.S. Patent Application
No. 11/473,089 to Tarsa et al. entitled “Close Loop

Electrophoretic Deposition of Semiconductor Devices”.

[0006] In these embodiments the phosphor material is on or

in close proximity to the LED epitaxial layers and in some
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instances comprises a conformal coat over the LED. In these
arrangements, the phosphor material can be subjected to
direct chip heating which can cause the phosphor material
to heat. This elevated operating température can cause
degradation of the phosphor material over time. It can also
cause a reduction in phosphor conversion efficiency and a

shift in conversion color.

[0007] Lamps have been developed wutilizing solid state
light sources, such as LEDs, with a conversion material
that 1is separated from or remote to the LEDs. Such
arrangements are disclosed in U.S. Patent No. 6,350,041 to
Tarsa et al., entitled “High Output Radial Dispersing Lamp
Using a Solid State Light Source.” The lamps described in
this patent can comprise a solid state light source that
transmits light through a separator to a disperser having a
phosphor. The disperser can disperse the light in a desired
pattern and/or <changes 1its color by converting at least
some of the light through a phosphor. In some embodiments,
the separator spaces the light source a sufficient distance
from the disperser such that heat from the 1light source
will not transfer to the disperser when the light source is

carrying elevated currents necessary for room illumination.

[0008] LED based bulbs have been developed that utilize
large numbers of 1low brightness LEDs (e.g. 5Smm LEDs)
mounted to a three—dimensional surface to achieve wide-
angle illumination. These designs, however, do not provide
optimized omnidirectional emission that fall within
standard uniformity requirements. These bulbs also contain
a large number of interconnected LEDs making them

prohibitively complex, expensive and unreliable. This makes
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these LED bulbs generally impractical for most illumination

purposes.

[0009] Other LED bulbs have also been developed that use a
mesa-type design for the light source with one LED on the
top surface and seven more on the sidewalls of the mesa.
(see GeoBulb®-II provided by C. Crane). This arrangement,
however, does not provide omnidirectional emission
patterns, but instead provides a pattern that is
substantially forward biased. The mesa for this bulb also
comprises a hollow shell, which can limit its ability to
thermally dissipate heat from the emitters. This can limit
the drive current that can be applied to the LEDs. This
design 1is also relatively complex, using several LEDs, and
not compatible with large volume manufacturing of low-cost

LED bulbs.

SUMMARY OF THE INVENTION

'[0010] The present invention provides various embodiments
of lamps and bulbs that are efficient, reliable and cost
effective and can be arranged to provide an omnidirectional
emission pattern. Different embodiments can comprise solid
state emitters arranged on a pedestal having thermal
management features to control heat build-up in the
emitters. These embodiments can also comprise shaped remote
phosphors that can also have thermal management features to
control conversion heat build-up in the remote phosphor.
Different embddiments can also have diffuser features to
generate the desired emission pattern for the lamps and

bulbs.
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[0011] One embodiment of a lamp according to the present
invention comprises a pedestal and a solid state 1light
source on the pedestal. A shaped phosphor 1s arranged
remote to the solid state light source so that at least
some light from the solid state light source passes through
the remote phosphor and 1s converted to a different
wavelength of light. A diffuser is included to diffuse
light emitting from the lamp in an omnidirectional emission

pattern.

[0012] One embodiment of an LED based bulb according to the
present invention comprises an elongated pedestal with
multiple surfaces. A plurality of LEDs are included each of
which can be mounted to one of the surfaces, with the
pedestal comprising a thermally conductive path to conduct
heat away from the LEDs. A diffuser is arranged 1in relation
to the LEDs so that light from the LEDs passes through the
diffusef, with the diffuser modifying the emission pattern

of the LEDs producing the desired bulb emission pattern.

[0013] Another embodiment of a solid state lamp according
to the present invention comprises a pedestal having a
plurality of solid state 1light sources, wherein the
pedestal at least partially comprises a thermally
conductive material. A heat sink structure is included with
the pedestal thermally coupled to the heat sink structure.
Heat from the solid state 1light sources conducts to the
heat sink structure through the pedestal. A remote phosphor
is included that 1is thermally coupled to the heat sink
structure with heat from the remote phosphor conducting

into the heat sink structure.
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[0014] Another embodiment of an LED based bulb according to
the present invention comprises a pedestal having a
plurality of LEDs, wherein the pedestal at least partially
comprises a thermally conductive material. A heat sink
structure 1is included with the pedestal thermally coupled
to the heat sink structure. A remote phosphor 1is arranged
in relation to the LEDs so that at least some light from
the LEDs passes through the remote phosphor and 1is
converted to a different wavelength of 1light. The bulb
emits a white light combination of light from the LEDs and

the remote phosphor.

[0015] One embodiment of a bulb or lamp 1light source
according to the present invention comprises a plurality of
solid state 1light emitters and a pedestal having a top
surface. The pedestal also has a plurality of first side
surfaces and a plurality of second side surfaces: The first
side surfaces can be at an angle greater than 90 degrees to
the top surface and the second side surfaces can be ét an
angle less than 90 degrees to the top surface. The solid
state 1light sources are mounted to at least some of the

first and second side surfaces.

[0016] These. and other further features and advantages of
the invention would be apparent to those skilled in the art
from the following detailed description, taken together

with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows a sectional view of one embodiment of a

prior art LED lamp;
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[0018] FIG. 2 shows a sectional view of another embodiment

of a prior art LED lamp;

[0019] FIG. 3 is a side elevation view of one embodiment of

a pedestal according to the present invention;

[0020] FIG. 4 is a perspective view of one embodiment of an

LED lamp according to the present invention;

[0021] FIG. 5 is a perspective view of another embodiment

of an LED lamp according to the present invention;

[0022] FIG. 6 is a perspective view of the LED lamp shown

in FIG. 5 showing light rays from its light source;

[0023] FIG. 7 1s a sectional view of another embodiment of

an LED lamp according to the present invention;

[0024] FIG. 8 1is a polar diagram showing the emission
pattern for one embodiment of an LED lamp according to the

present invention;

[0025] FIG. 9 is a perspective view of another embodiment

of an LED lamp according to the present invention;

[0026] FIG. 10 is a side view of another embodiment of a

pedestal according to the present invention;

[0027] FIG. 11 is a perspective view of the pedestal shown
in FIG. 10;

[0028] FIG. 12 is a perspective view of another embodiment

of a lamp according to the present invention;

[0029] FIG. 13 is a perspective view of another embodiment

of a pedestal according to the present invention;
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[0030] FIG. 14 is a perspective view of another embodiment

of an LED lamp according to the present invention; and

[0031] FIG. 15 is a perspective view of another embodiment

of a pedestal according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The present invention 1s directed to different
embodiments of a lamp structure providing LED chips mounted
to a thermally conductive pedestal. This allows for the LED
lamp to near uniform omnidirectional light emission-pattern
modeling that of a traditional incandescent 1light bulb.
Some LED Dbulbs according to the present 1invention are
particularly applicable to uses as A-bulb replacement LED
lamps. The embodiments according to the present invention
consists of a particular shaped pedestal having surfaces
compatible for mounting solid state emitters, and the
pedestals can be made of thermally conductive materials or
have elements that provide thermal conduction away from the
emitters. Some embodiments of the pedestal can contain
multiple LED based emitters, at least some of which emit in
different directions away from the pedestal. When used with
remote phosphor and diffuser domes, the particular angles
and emission patterns of the LEDs can give the lamps an

omnidirectional emission pattern.

[0033] Some pedestals according to the present invention
can be mounted to a heat sink structure so that heat
conducted away from the émitters can spread into the heat
sink structure where it can dissipate in the ambient. This
arrangement also allows for the pedestal to be easily

combined with a shaped remote phosphor having good special
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color uniformity, with the remote phosphor also being
mounted to the heat sink. The remote phosphor can take many
different shapes, such as a general globe-shape with the
pedestal at 1least partially arranged within the globe
shaped phosphor. This provides an arrangement that produces
improved greater color uniformity by the pedestal and its
emitters providing an approximate point light source within
the remote phosphor. Light emitted from the pedestal
emitter passes through the phosphor material with
approximately the same angle and approximately through the
same amount of phosphor. That is, the optical path through
the phosphor for the photons from the pedestal emitters is
approximately the same, giving the LED bulb greater

emission color uniformity.

[0034] This approximate point source arrangement also
provides for more uniform emission at different viewing
angles, which makes some of the embodiments particularly
applicable to replacing standard incandescent based 1light
sources. As further discussed below, the remote phosphor
arrangement can also be characterized as having higher
photon conversion efficiency because of improved thermal

management.

[0035] Different solid state emitters can be included on
the pedestal, such as LEDs, LED chips or other LED
packages/components (“LED chip” or “LED chips”). In some
embodiments the pedestal can be utilized in lamps emitting
white 1light, with the lamps emitting a white 1light
combination of 1light from the LEDs on the pedestal and
light from the one or more phosphors in the remote

phosphor. In some embodiments the pedestal can comprise

10
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blue emitting LED chips and the shaped remote phosphor can
comprise a phosphor material that absorbs blue 1light and
emits yellow light. During operation a portion of the blue
LED chip light passes through the remote phosphor, while
the remainder is absorbed by the yellow phosphor and re-
emitted as yellow light or green 1light, with these lamps
emitting a white light combination of blue LED light and
phosphor light. Lamps according to the present invention
can also comprise different LEDs emitting different colors
of light and conversion materials, absorbing light and re-
emitting different colors of light so that the lamp emits
light with the desired characteristics such as color

temperature and color rendering.

[0036] The lamps according to the present invention can
have fewer components and can be easier and cheaper to
manufacture. For example, by having a remote phosphor the
LED chips on the pedestals can be driven with a higher
drive current without the danger of heat from the LED chips
degrading the phosphor. Accordingly, fewer LED chips are
needed to achieve the desired 1lamp luminous flux. The
pedestal also provides a cost effective way of mounting
multiple emitters while at the same time providing a

thermal path to dissipate heat from the emitters.

[0037] The present invention is 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 1is
described below in regards to certain lamps or lighting

components having LEDs, LED chips or LED components (“LED

11
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chips”) in different configurations, but it is understood
that the present invention can be used for many other lamps
having many different configurations. The components can
have different shapes and sizes beyond those shown and

different numbers of LEDs or LED chips can be included.

[0038] It is also understood that when an element such as a

r”

layer, region or substrate 1is 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 1is wunderstood that these terms are
intended to encompass different orientations of the device

in addition to the orientation depicted in the figures.

[0039] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components,
regions, layers and/or sections 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 be termed a
second element, component, region, layer or section without

departing from the teachings of the present invention.

[0040] Embodiments of the invention are described herein
with reference to cross-sectional view 1illustrations that
are schematic illustrations of embodiments of the
invention. As such, the actual thickness of the layers can

be different, and variations from the shapes of the

12
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illustrations as a result, for example, of manufacturing
techniques and/or toleranceé are expected. Embodiments of
the invention should not be construed as 1limited 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.

[0041] FIG. 3 shows one embodiment of a LED pedestal 50
according to the present invention that is arranged to hold
LED chips 52 within an LED lamp or bulb (“LED lamp”), with
the pedestal 50 and its LED serving as the light source for
the LED lamp. The pedestal 50 is generally elongated and
can have multiple surfaces that can hold multiple LED chips
at different angles. In the embodiment shown, the pedestal
50 has a top surface 54 with an LED chip 52 mounted to the
top surface 54. When the pedestal 50 is mounted vertical,
the top surface is approximately horizontal. The pedestal
also comprises a plurality of pedestal emitter surfaces 56
at least some of which are also arranged to hold an LED
chip 52. It is wunderstood that the pedestal 50 can have
many shapes and different numbers and sizes of emitter
surfaces 56 that can be arranged at different angles to
the top surface 54. In the embodiment shown, there are six
emitter surfaces each of which is on the upper part of the
pedestal and each of which is substantially the same size

and has the same angle. In the embodiment shown the side

13
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surfaces are at an angle greater than 90° to the top
surface 54 so that the thickness of the pedestal 50 reduces
moving down from the top surface 54. In some embodiments
the side surface angle can be approximately 95° or more to
the top surface, while 1in other embodiments the side
surface angle can be approximately 100° or more to the top
surface. In still other embodiments the side surface angle
can be approximately 105° or more to the top surface. In
one embodiment, the side surface angle 1is approximately

105° to the top surface.

[0042] LED chips 52 can be included on at least some of the
emitter side surfaces 56 and in the embodiment shown, an
LED chip 52 is included on three of the side surfaces 56.
Many different commercially available LED chips or LED
packages can be used including but not limited to those
commercially available from Cree, Inc., located in Durham,
North Carolina. The LED chips are mounted in place using
known methods and materials as described below. In this
embodiment, an uncovered side surface 56a is included
between the side surfaces 56 having an LED chip 52, but it
is understood that in other embodiments of the LED chips 52
can be mounted to some or all of the uncovered side
surfaces b56a so there is not an uncovered side surface
between some or all of the LED chips. The number of LED
chips included on the top and side surfaces 1is dependent
upon luminous flux of the LED chips 52 as well as the
desired luminous flux and light emission pattern for the
LED lamp utilizing the pedestal 50. Each of the top and
side surfaces 54, 56 can have none or more than one LED
chips in different embodiments. By having emitters on the

top surface 54 and the side surfaces 56, light is emitted

14
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from the pedestal up and to the side at a slight downward
angle. This combination of lighting directions is
compatible with providing omnidirectional lamp emission

when the light is dispersed as described below.

[0043] The pedestal 50 also comprises base side surfaces 58
below the side surfaces 56 and 56a, and in the embodiment
shown there are the same number of base side surfaces 58
and emitter side surfaces 56 and 56a, with the base side
surfaces 58 comprising a continuation of the emitter side
surfaces 56. It 1s understood that in other embodiments
there can be a different number of base side surfaces 58 or
the pedestal can take different shapes in this region, such
as cylindrical. In the embodiment shown, the base surfaces
have an angle less than 90° to the top surface 54 such that
the width of the pedestal increases in this area moving
down. It is understood that the base side surfaces 58 can
be at many different angles to the top surface 54, with a
suitable angle being approximately 70° or more. In some
embodiments the angle can be greater than 90°. In some
embodiments the base side surfaces can also have an LED
chip depending on the desired LED lamp luminous flux and
emission pattern. In the embodiment shown the side surfaces

do not have LED chips.

[0044] The pedestal 50 can also include the necessary
electrical conductors (not shown) for applying an
electrical signal to the LED chips 52. This can include
conductive traces, wire bonds, or insulation coated wires.
The LED chips can be interconnected in different serial and

parallel arrangements and in some embodiments, the LED

15
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chips are interconnected so that a single electrical signal

can cause all the LED chips 52 to emit light.

[0045] The pedestal 50 can at least partially comprise a
thermally conductive material, and many different materials
can be used such as different metals including copper,
aluminum, or metal alloys. Different embodiments of the
pedestal 50 should be arranged with the necessary features
to adequately conduct heat away from the LED chips. In some
embodiments the pedestal 50 can have internal solid
sections that provide a heat path, with the pedestal being
greater that 50% solid. In still other embodiments the:
pedestal 50 can be greater than 70% solid, while in other
embodiments it can be approximately 100% solid. In
embodiments where the pedestal is substantially hollow,
heat dissipation devices can be included, such as heat
pipes, to conduct LED chip heat. The pedestals can be
fabricated using many different known methods as described

below, such as die cast or metal stamping.

[0046] The surfaces of the pedestal 50 should comprise a
reflective layer/surface, particularly in those areas not
covered by the LED chips 52. In the LED lamp embodiments
described below that utilize a remote phosphor,
approximately 50% of phosphor emission 1s backward toward
the pedestal due to the isotropic nature of phosphor
emission..In other embodiments using a diffusing dome, some
of the light passing through the dome can be scattered back
toward the pedestal 50. A pedestal 50 with surfaces having
good reflectivity can improve lamp emission efficiency
reflecting at least some of the back emitted/scattered

photons so that they contribute to useful emission of the

1o
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LED lamp. LED chips and component substrates typically have
lower effective reflectivity due to extraction losé and/or
low surface reflectivity. Including reflective surfaces not
covered by the LED chips increases the emission efficiency
of the LED lamps. It 1is understood that the reflective
layer/surface can comprise many different materials and
structures including but not limited to white paint,
reflective particles, reflective metals or multiple layer
reflective semiconductor structures such as distributed
Bragg reflectors (DBRs). In some embodiments the surfaces
can be coated with a material having a reflectivity of
approximately 75% or more to lamp light, while in other
embodiments the material can have a reflectivity of
approximately 85% or more to the lamp light. In still other
embodiments the material can have a reflectivity to the

lamp light of approximately 95% or more.

[0047] The pedestal 50 can be mounted in many different LED
lamps according to the present invention that can have
many different features. FIG. 4 shows an LED lamp 70
comprising a pedestal 72 that is similar to pedestal 50
described above. Pedestal 72 1is mounted to a heat sink
structure 74 with good thermal contact between the two. LED
chips 76 are mounted to surfaces of the pedestal 72 and

interconnected using conductors as described above.

[0048) The heat sink structure 74 can at least partially
comprise a thermally conductive material, and many
different thermally conductive materials can be used such
as different metals including copper, aluminum, or metal
alloys. The heat sink structure 74 can also comprise other

heat dissipation features such as heat fins 78 that

17
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increase the surface area of the heat sink to facilitate
more efficient dissipation into the ambient. Heat sink
reflective layers or materials can also be included on
surfaces of the heat sink structure 74 to reflect light as
described above for the reflective layer/surfaces of the
pedestal 50. In one embodiment, the top surface 82 of the
heat sink structure 74 around the pedestal 72 can comprise
a reflective layer that can be made of the materials
described above and can be formed on the heat sink

structure 74 using known methods.

[0049] The pedestal 72 can be mounted to the heat sink
structure 74 using different known methods or materials
such as thermally conductive bonding materials or a thermal
grease. Conventional thermally conductive grease can
contain ceramic materials such as beryllium oxide and
aluminium nitride or metal particles such as colloidal
silver. In other embodiments the pedestal 72 can be mounted
to the heat sink structure by thermal conductive devices
such as by clamping mechanisms, screws, or thermal
adhesive. These devices and materials can hold the pedestal
72 tightly to the heat sink structure 74 to maximize
thermal conductivity. In one embodiment a thermal grease
layer is used having a thickness of approximately 100 pm
and thermal conductivity of k = 0.2W/m-k. This arrangement
provides an efficient thermally <conductive path for
conducting heat from the pedestal 72 to the heat sink

structure.

[0050] The heat sink structure 74 can also comprise
features for connecting to a source of electricity such as

to different electrical receptacles. In some embodiments

18
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the heat sink structure can comprise a feature of the type
to fit in conventional electrical receptacles. For example,
it can include a feature for mounting to a standard Edison
socket, and can comprise a screw-threaded portion which can
be screwed into an Edison socket. In other embodiments, it
can include a standard plug and the electrical receptacle
can be a standard outlet, or can comprise a GU24 base unit.
In other embodiments it can comprise a <clip and the
electrical receptacle can be a receptacle which receives
and retains the clip (e.g., as used 1in many fluorescent
lights). These are only a few of the options for heat sink
structures and receptacles, and other arrangements can also

be used.

[0051] In some embodiments, the heat sink structure 74 can
comprise electrical conductors for applying an electrical
signal from the electrical receptacle to the pedestal 72
and then to its LED chips 76. Power units (not shown) can
also be included to condition or modify the electrical
signal from the receptacle before it 1is applied to the
pedestal 72. This <can include signal conversion (e.g.
analog to digital conversion, signal rectification and/or

signal amplification or reduction.

[0052] FIG. 5 shows one embodiment of an LED lamp 90
according to the present invention comprising a pedestal
92, heat sink structure 94, and LED chips 96 arranged
similarly to those same features described above and shown
in FIG. 4. In this embodiment, the LED lamp 90 comprises a
shaped remote phosphor 98 arranged around the pedestal 92
so that at least some light from the LED chips 96 passes

through the remote. The remote phosphor 98 can take many
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different shapes according to the present invention, such
as hemispheric, oval, cone-shaped, etc., and can be many
different sizes. In some embodiments the remote phosphor
can provide less than full coverage over the pedestal 92.
In the embodiment shown, the remote phosphor 98 1is in the
shape of a globe that is mounted to the heat sink structure
94, with the pedestal 92 and its LED chips 96 arranged at
least partially within the globe shaped phosphor 98. The
lamp 90 also comprises a screw-threaded portion 95 for

mounting the lamp 90 to a Edison socket.

[0053] Many different phosphors can be used in the shaped
phosphor 98 with the present invention being particularly
adapted to lamps emitting white 1light. (phosphor layer or
mixed in) . As described above, in some embodiments
according to the present invention the LED chips 96 can
emit light in the blue wavelength spectrum and the shaped
phosphor 98 can absorb at least some of the blue light and
re-emit yellow (or green). This allows the lamp to emit a
white light combination of blue and yellow light. In some
embodiments, the Dblue LED light can be converted by a
yellow conversion material using a commercially available
YAG:Ce phosphor, although a full range of broad yellow
spectral emission 1is possible using conversion particles
made of phosphors based on the (Gd,Y)3;(Al,Ga)sO12:Ce system,
such as the Y3Als0;2:Ce (YAG). Other yellow phosphors can be
used for creating white 1light when wused with a blue
emitting LED based emitter including but not limited to:
Tb3-xREx0:2:Ce (TAG) ; RE=Y, Gd, La, Lu; or

Sry-x-yBaxCaySi0O4:Eu.
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[0054] The shaped phosphor 98 can comprise a second
phosphor material that can either be mixed in with the
shaped remote phosphor 98 or can be included on the shaped
phosphor as a second layer. In some embodiments, each of
the two phosphors can absorb the LED light and can re-emit
different colors of light. In these embodiments, the colors
from the two phosphor layers can be combined for higher CRI
white of different white hue (warm white). This can include
light from yellow phosphors above that can be combined with
light from red phosphors. Different red phosphors can be
used including:

SryCa;-xS:Eu, Y; Y=halide:;

CaSiAlN3:Eu; or

Sr;-yCaySi04:Eu

[0055] Other phosphors can be used to create color emission
by converting substantially all 1light to a particular
color. For example, the following phosphors can be used to
generate green light:

SrGa;S,:Eu;

Sr;-yBaySi0O4:Eu; or

SrSizozNg :Eu.

[0056] The following lists some additional suitable
phosphors, although others can also 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),S,; :Eu?*
Ba, (Mg, Zn) Si,07:Eu?*

Gdo.465T0.31811.230xF1.38 : Eu®*g_ 06
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(Baj-x-ySryCay) Si04:Eu
Ba,Si0,:Eu?*

RED
Lu,03: Eu®*

(Sra-xLax) (Cei-xEuy) O
SroCeq-xEuxO4
Sry-xEBuxCeOyq
SrTiOs:Pri*, Ga’*
CaAlSiNs:Eu®*

Sr,SisNg:Eu?*

[0057] Different sized phosphor particles can be used
including but not limited to particles in the range of 10
nanometers (nm) to 30 micrometers (pm), 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.

[0058] In some embodiments, a transparent material in a
globe shape can be provided and a phosphor can be deposited
on the inside or outside layers, or both. To form the
layer, the phosphor can be provided in a binder, and the
phosphor can also have different concentrations or loading
of phosphor materials in the binder. A typical
concentration being in range of 30-70% by weight. In one
embodiment, the phosphor concentration is approximately 65%
by weight, and is preferably uniformly dispersed throughout
the remote phosphor. The shaped phosphor 98 can also have
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different regions with different conversion materials and

different concentrations of conversion material.

[0059] Different materials can be used for the binder, with
materials preferably being robust after curing and
substantially transparent in the visible wavelength
spectrum. Suitable materials include silicones, epoxies,
glass, inorganic glass, dielectrics, BCB, polymides,
polymers and hybrids thereof, with the preferred material
being silicone because of 1its high transparency 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.

[0060] Phosphor layers can be applied wusing different
processes including but not limited to spin coating,
sputtering, printing, powder coating. As mentioned above,
the phosphor layers can be applied along with a binder
material, but it is understood that a binder 1is not
required. In still other embodiments, the phosphor layers
can be separately fabricated and then mounted to the

transparent globe.

[0061] The shaped remote phosphor 98 can also comprise
improved thermal management features to reduce phosphor
conversion heating. Phosphors can generate heat during
operation simply from the 1light conversion process. In
remote phosphor arrangements this heat can build-up to

unacceptable levels if the remote phosphor has inadequate
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thermally conductive paths to dissipate the phosphor
conversion heat. Without an effective heat dissipation
pathway, thermally isolated remote phosphors may suffer
from elevated operating temperatures that can lead to
phosphor degradation, conversion inefficiency and color

shifting.

[0062] In some embodiments the shaped remote phosphor 98
can comprise a transparent material that 1is thermally
conductive material and is in the form of the desired
remote phosphor shape. In the embodiment shown the remote
phosphor is globe shaped, but as mentioned it can be many
other shapes. The phosphor can be included as a layer on
the globe shaped transparent material or can be mixed in
with the globe material. During operation of the LED lamp
90 phosphor conversion heating 1is concentrated 1in the
phosphor material. The thermally conductive properties of
the carrier globe helps spread this heat laterally toward
the edges of the globe that in the embodiment shown are in
contact with the heat sink structure 94. The globe 1is
preferably mounted to the heat sink structure by a
conductive material such as a thermal grease layer, and
heat flows from the globe and into the heat sink structure

where it can efficiently dissipate into the ambient.

[0063] The shaped transparent material can comprise
different materials such as glass, quartz, silicon carbide
(SiC), sapphire, or others. The shaped transparent material
can also have different thicknesses, with a suitable range
of thicknesses Dbeing O.lmm to 10mm or more. It 1is
understood that other thicknesses <can also be used

depending on the characteristics of the material for the
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carrier layer. The material should be thick enough to
providé™ sufficient lateral heat spreading for the
particular operating conditions. Generally, the higher the
thermal conductivity of the material, the thinner the
material can be to in providing the necessary thermal
dissipation. These materials can effectively spread heat
laterally and as a result do not need the large area
required by materials with lower thermal conductivity.
Different factors can impact which material 1is used
including but not limited to cost and transparency to the

light source light.

[0064] Beyond the conversion efficiency of the pedestal 92
and shaped phosphor 98 arrangement discussed above, the
arrangement can also provide conversion uniformity.
Referring now to FIG. 6 a LED lamp 100 is shown that this
similar to LED lamp 90, and for similar features the same
reference numbers are used. The LED chips 96 are clustered
at the top of the pedestal 92 and are within the shaped
phosphor 98, preferably at or near the center of the shaped
phosphor. This configuration allows the LED chips 96 to
approximate a point source within the shaped phosphor 98
such that light rays 102 strike the shaped phosphor 98 at
approximately the same angle and travel through the same
optical path length through the remote phosphor (e.q.
coated globe). Assuming that the shaped phosphor has
approximately the same thickness throughout, the light rays
will experience similar amounts of phosphor material and
similar levels of light conversion. This allows for color
uniformity to be maintained for the emitted light, for a
remote phosphor having a phosphor coating with spatial

consistency.
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[0065] It is wunderstood that the remote phosphors and
pedestals can be arranged in many different ways according
to the present invention. In some embodiments the remote
phosphor can include scattering particles either in a layer
on the shaped remote phosphor, mixed in with the phosphor
material, or mixed in with the transparent thermally
conductive material. The scattering particles can comprise

many different materials including but not limited to:

silica gel;

zinc oxide (ZnO);
yttrium oxide (Y,03);
‘titanium dioxide (TiOy) ;
barium sulfate (BaSO4);
alumina (Al;03);

fused silica (Si03):;
fumed silica (S1i03):;
aluminum nitride;

glass beads;

zirconium dioxide (Zr03);
silicon carbide (SiC);
tantalum oxide (TaOs);
silicon nitride (Si3N4);
niobium oxide (NbyOs) ;
boron nitride (BN); or

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

More than one scattering material in various combinations
of materials or combinations of different forms of the same
material may be used to achieve a particular scattering

effect. The shaped remote phosphor or diffuser dome can
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also include surface roughening or shaping to enhance light

extraction.

"[0066] FIG. 7 shows embodiment of an LED lamp 120 according
to the present invention that is similar to the LED lamp 90
shown 1in FIG. 5, and comprises a pedestal 122 with LED
chips 124 mounted to 1its top and side surfaces. The
pedestal 122 that is mounted to a heat sink structure 126
with a shaped remote phosphor 128 also mounted to the heat
sink structure 126 over the pedestal 122. The lamp 120
also comprises a shaped diffuser dome 130 also mounted to
the heat sink structure 126, but it is understood that it
can be mounted in the lamp 120 in many different ways. The
diffusing dome 130 can comprise diffusing or scattering
particles such as those 1listed above. The scattering
‘particles can be provided in a curable binder that is
formed in the general shape of dome. In some embodiments
white scattering particles can be used with the dome having
a white color that hides the color of the phosphor in the
shaped remote phosphor to give the LED lamp a generally
white appearance. The diffuser dome 1is arranged to diffuse
or scatter the light from the remote phosphor so that the
LED lamp emits the desired pattern of 1light, such as
omnidirectional light. The lamp 120 also comprises a screw-
threaded portion 132 for mounting the lamp 120 to a Edison

socket.

[0067] The diffuser dome can have many different shapes and
can be arranged in many different ways 1in the lamps
according to the present invention. In some embodiments,
the diffuser dome and the phosphor material can comprise a

single component. In some embodiments the phosphor
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comprises a layer on the diffuser or the phosphor and the
diffuser materials can be mixed. In the case of lamp having
blue emitting LED chips a diffusing dome can be used having
phosphor material and neutral scattering particles so that
the lamp emits a white light combination of light from the
phosphor and LED chips.

[0068] As mentioned above, LED lamps according to the
present invention can be arranged to provide
omnidirectional emission patterns with limited emission
variations at different emission angles. FIG. 8 is a polar
diagram 140 showing the far field relative luminous
intensity distribution over the angular space for one
embodiment of an LED lamp according to the present
invention. In the polar diagram 140, 6 is the inclination
angle from the z-axis as shown in FIG. 3 and @ 1s the
azimuth angle from the x-axis. The numbers 142 around the
circle refer to the inclination angle ©, with 0° being
directly above the top pedestal surface. The distribution
from 0° to 180° is symmetric to that from 360° to 180°. The
azimuthal angle ¢ is represented in the polar diagram as a
number of slices with the slices forming a continuous band.
The width of a band at a particular angle 6 reflects how
much intensity variation there is around the 360° azimuthal
angle at this angle 6. The aximuthal averaged line 144
represents the azimuthal-averaged intensity at each angle
6. Use of a pedestal, remote phosphor and diffusing globe
according to the present invention can effectively smooth
out the variation around ¢. In the embodiment shown, for ©
from 0° to 150°, the ¢p-averaged (relative) intensity varies
within 0.920 to 0.696. This corresponds to a + 13.8%

intensity variation around the average value of 0.808. It
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is understood that other embodiments according to the
present invention can provide different intensities

variations both above and below this 13.8%.

[0069] In some lamp embodiments, larger shaped remote
phosphor can provide a higher ratio of high reflectivity
surface to LED chip/component surface areas, 1i.e. higher
cavity reflectivity and efficiency. Larger remote phosphors
can also reduce conversion density and related heat. That
is, larger remote phosphor having a larger area tend to
lower the incoming photon flux density per unit phosphor
area. Larger remote phosphors can also allow for easier
thermal management of the phosphor generated heat such that
the phosphor operating temperature can be maintained close
to ambient to enhance the phosphor efficiency and lifetime.
These larger phosphors, however, can result 1in higher
material costs for the larger remote phosphor, and an

envelope for the lamp.

[0070] It is understood that many different pedestals can
be used in different embodiments according to the present
invention. FIG. 9 shows another embodiment of an LED lamp
160 according to the present invention comprising a
pedestal 162 mounted to a heat sink 164. In this embodiment
the pedestal 1is generally triangular-shaped with a top
surface 166 and three side surfaces 168. An LED chip 170 is
mounted to each of the surfaces 166, 168 “With. electrical
connections (not shown) between the LED chips causing them
to emit light in response to an electrical signal. The LED
lamp 160 can also comprise a shaped remote phosphor or

diffuser dome as described above.
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[0071] FIGs. 10 and 11 show another embodiment of a
pedestal 180 according to the present invention having a
top surface 182, three emitter side surfaces 184 and three
open side surfaces 186. An LED chip 188 is mounted on the
top surface 182 and one 1is mounted on each of the side
emitter surfaces 184, with the pedestal having a total of
four LED chips. Like the embodiments above, the LED chips
188 comprise electrical connections such that the LED chips
188 emit light in response to an electrical signal. In
pedestal 180 the emitter side surfaces 184 have an angle
greater than 90° to the top surface 182, with one
embodiment having an angle of approximately 105° to the top
surface. It is understood that the emitter surfaces 184 can
be many different angles to the top surface 182. In this
embodiment the open side surfaces 186 have an angle to the

top surface that is less than 90° to the top surface 182.

[0072] FIG. 12 1is another embodiment of an LED lamp 190
according to the present invention utilizing the pedestal
180 shown in FIGs. 10 and 11. The pedestal 180 is mounted
to a heat sink structure 192 with a remote shaped phosphor
194 made of the same materials and the shaped remote
phosphors described above. The shaped remote phosphor 1is
also mounted to the heat structure_192 with the pedestal
180 arranged in the remote phosphor 194. This embodiment
can also comprise a diffuser dome to further scatter or

diffuse the light into an omnidirectional pattern.

[0073] FIG. 13 shows still another embodiment of a pedestal
210 according to the present invention having a top surface
212 and four emitter side surfaces 214. An LED chip 216 is

included on each of these surfaces and interconnected as
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described above to emit light in response to an electrical
signal. In this embodiment each of the emitter side
surfaces 214 has an angle less than 90 degrees to the top
surface 212. In this embodiment the side surfaces 214 are
an angle of approximately 80° to the top surface 212, but
it is understood that the side surfaces 214 can be at many
other angles to the top surface 212 including but not
limited to approximately 90°, 100°, 105° among others.
Other pedestals according to the present invention can have
different numbers of surfaces with different angles and
orientations to produce the desired emission pattern. In
the embodiment  shown, the pedestal 210 comprises a
substantially solid thermally conduétive material, but it
is understood that other embodiments can comprise pedestals
that are hollow or have other features to dissipate heat
such as heat pipes. The pedestal 210 can be utilized in
different LED lamps according to the present invention
including those having a heat sink structure, remote shaped

phosphor and diffuser dome as described above.

[0074] FIG. 14 shows one embodiment of an LED lamp 230
according to the present invention utilizing the pedestal
210 and its LED chips 216 similar to those shown in FIG.
13. The lamp 230 comprises a heat sink structure 232 and an
enclosure 234 that can be either a remote shaped phosphor
or a diffuser dome as described above. The LED lamp 230
further comprises a screw-threaded portion 236 for mounting
to an Edison socket. In this embodiment, the pedestal 210
is mounted within the enclosure 234 by a heat pipe 238 that
conducts heat from the pedestal 210 to conduct the heat to
the heat sink structure 232 where it can more efficiently

dissipate into the ambient. It 1s understood that other

31



WO 2011/109091 PCT/US2011/000397

heat conductive elements can also be used in embodiments

according to the present invention.

[0075] It is also understood that many different pedestals
can be arranged on a heat pipe as shown in FIG. 14. FIG. 15
shows another embodiment of a pedestal 250 having a top
surface 252 and five emitter side surfaces 254, each of
which has an LED <chip 256 that <can be electrically
connected to the others as described above. In this
embodiment the emitter side surfaces 254 have an angle to
the top surface 252 of 1less than 90°, but in other
embodiments some or all of them can have an angle to the
top surface 252 of greater than 90°. The pedestal is
mounted to a heat pipe 258 that conducts heat from the
pedestal so that it can dissipate in the ambient, such as

though a heat sink structure as described above.

[0076] Lamps according to the present invention can be
arranged in many different ways beyond the embodiments
described above. In some embodiments the LED chips mounted
to the pedestal can be white emitters, such as warm white
emitters. In some of these embodiments a shaped remote
phosphor may not be needed to convert the light from the
LED chips. The diffuser dome can contain neutral scattering
elements to diffuse the LED chip light into the desired
emission pattern. It is understood, however, that a shaped
remote phosphor can also be used in embodiments having
white emitters on the pedestal to further modify the
emitter light. In still other embodiments the pedestal can
contain white emitters and emitters of different color,

with different embodiments of these lamps using remote
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phosphor and diffusers to produce the desired lamp

emission.

[0077] The pedestals according to the present invention can
be fabricated using different methods. As mentioned above,
the pedestals can be stamped from sheet metal and then bent
into the pedestal shape. This method of manufacture is cost
effective, but the resulting pedestals are hollow and may
not have the necessary ability to conduct heat from the
emitters without the use of additional devices, such as
heat pipes. It is understood, however, that stamped
pedestals «can be provided having additional thermal
management features to provide the desired heat

dissipation.

[0078] Alternatively the pedestals can be die cast, and
although this requires an 1initial tooling cost, the
fabrication of mass quantities following tooling makes
these pedestals relatively cost effective in large
quantities. Using the die cast method, an aluminum material
can be used for the pedestal and the pedestal can be die
cast with recesses at the places where the LED chips are to
be mounted. The recessed areas should be the same shape and
slightly larger than the LED chip footprint, and the recess
depth should hold its LED chip so that the LED chip does
not readily fall out of the recess. The pedestal can then
have its surface electroplated with a thin Ni/Cu or Ni/Ag
layer to enable reflowability. Dry films can then be
stamped into the surfaces of the recessed areas and the
full pedestal can be coated with a reflective coating such
as white paint, reflective particles, reflective metals,

DBRs, etc. The dry films can then be removed from recessed
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areas to expose the Cu or Ag surfaces within the recesses,
and a solder past can then be applied to the surfaces. LED
chips can then be placed in the recesses, such as by pick
and place methods. In some embodiments the LED chips can
have electrically isolated backside metallization surfaces.
The recess and surface tension of the solder paste can hold
the LED chips in place before reflow. For slanted surfaces,
the pedestal can be oriented such that gravity assists in
holding the LED chips in their recesses. In the case of the
pedestal having surfaces at above 90° to the top surface,
the pedestal should be held upside down the hold the LED
chips in the side surface recesses. The pedestal can then
be reflowed and pedestals having an LED chip on the top
surface may need to be reflowed a second time. Front side
electrical wiring can be included to interconnect the LED

chips.

[0079] It 1is understood that different fabrication methods
according to the present invention can have more or fewer
steps than those described above and can have different
steps when utilizing different components. For example, in
the case of surface mount LEDs on a metal-core printed
circuit board a different method can be used to mount to
the pedestal. Grooves can be cut in the metal core PCB that
allow it to be bent so it can wrap around the pedestal. A
eutectic solder can be used to bond the metal core PCB to

the pedestal.

[0080] Although the present invention has been described in
detail with reference to certain preferred configurations

thereof, other versions are possible. Therefore, the
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spirit and scope of the invention should not be limited to

the versions described above.
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WE CLAIM:

1. A lamp, comprising:

a pedestal;

a solid state light source on said pedestal;

a shaped phosphor arranged remote to said solid state
light source so that at least some light from said solid
state light source passes through said remote phosphor and
is converted to a different wavelength of light; and

a diffuser to diffuse light emitting from lamp in an

omnidirectional emission pattern.

2. The lamp of claim 1, wherein said diffuser diffuses
light from said solid state 1light source and light from
said shaped remote solid state and 1light from said

phosphor.

3. The lamp of claim 1, wherein said diffuser comprises a

diffuser dome.

4. The lamp of claim 1, wherein said diffuser is integral

to said shaped remote phosphor.

5. The lamp of claim 1, further comprising a heat sink
structure wherein heat from said solid state light source
passes through said pedestal and 1into said heat sink

structure.

6. The lamp of claim 5, wherein said remote phosphor 1is

also mounted to said heat sink structure.
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7. The lamp of claim 5, wherein said shaped remote
phosphor comprises a thermally conductive material wherein
conversion heating is conducted to said heat sink

structure.

8. The lamp of claim 1, wherein said pedestal is
elongated and said solid state light source is mounted on

the upper portion of said pedestal.

9. The lamp of claim 1, wherein said pedestal at least

partially comprises a thermally conductive material.

10. The lamp of claim 1, wherein said pedestal comprises
multiple surfaces and said solid state 1light source
comprises multiple emitters each of which is mounted to one

of said surfaces.

11. The lamp of claim 9, wherein said pedestal has a top
surface and multiple side surfaces having an angle greater
than 90 degrees to said top surface, at least some of these

side surfaces having one of said multiple emitters.

12. The Iamp of claim 9, wherein said pedestal has a top
surface and multiple side surfaces having an angle greater

of approximately 105 degrees to said top surface.

13. The lamp of claim 1, wherein said solid state 1light
source 1is arranged with respect to said remote phosphor so
that the rays of 1light emitting 1in different directions
from said light source pass through the same thickness of

said remote phosphor.
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14, The lamp of <claim 1, having an omnidirectional
emission pattern with intensity variation of approximately

+ 20 percent or less.

15. The lamp of claim 1, having an omnidirectional
emission pattern with intensity variation of approximately

+ 15 percent or less.

16. The lamp of «c¢laim 1, wherein said 1light source
comprises blue emitters and said remote phosphor comprises
a phosphor that absorbs blue light and re-emits a different
wavelength of 1light, said lamp emitting a white 1light
combination of blue LED 1light and conversion material

light.

17. A light emitting diode (LED) based bulb, comprising:

an elongated pedestal with multiple surfaces;

a plurality of LEDs, each of which can be mounted to
one of said surfaces, said pedestal comprising a thermally
conductive path to conduct heat away from said LEDs; and

a diffuser arranged in relation to said LEDs so that
light from said LEDs passes through said diffuser, with
said diffuser modifying the emission pattern of said LEDs

producing the desired bulb emission pattern.

18. The bulb of claim 17, wherein said diffuser modifies
the emission pattern of said LED into an omnidirectional

pattern.

19. The bulb of claim 17, wherein said diffuser comprises

a diffuser dome.
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20. The bulb of claim 17, further comprising a shaped
phosphor arranged remote to said LEDs so that at least some
light from said LEDs passes through said remote phosphor

and is converted to a different wavelength of light.

21. The bulb of claim 17, further comprising a heat sink
structure wherein said thermally conductive ©path is

thermally coupled to said heat sink structure.

22. The bulb of claim 21, further comprising a remote
phosphor mounted to said heat sink structure with heat from

said remote phosphor conducting to said heat sink.

23. The bulb of claim 17, wherein said pedestal at least

partially comprises a thermally conductive material.

24. The bulb of claim 17, wherein said pedestal has a top
surface and multiple side surfaces having an angle greater
than 90 degrees to said top surface, at least some of these

side surfaces having one of said LEDs.

25. The lamp of claim 9, wherein said pedestal has a top
surface and multiple side surfaces having an angle greater

of approximately 105 degrees to said top surface.

26. The bulb of claim 20, wherein said LEDs are arranged
with respect to said remote phosphor so that the rays of
light emitting in different directions from said LEDs pass

through the same thickness of said remote phosphor.

27. The bulb of claim 20, wherein said LEDs approximate a

point light source within said remote phosphor.
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28. The bulb of <c¢laim 18, having an omnidirectional
emission pattern with intensity variation of approximately

+ 20 percent or less.

29. The lamp of <claim 18, having an omnidirectional
emission pattern with intensity variation of approximately

+ 15 percent or less.

30. A solid state lamp, comprising:

a pedestal having a plurality of solid state 1light
sources, wherein said pedestal at least partially comprises
a thermally conductive material;

a heat sink structure, said pedestal thermally coupled
to said heat sink structure with heat from said solid state
light sources conducting to said heat sink structure
through said pedestal; and

a remote phosphor thermally coupled to said heat sink
structure with heat from said remote phosphor conducting

into said heat sink structure.

31. The lémp of claim 30, further comprising a diffuser
arranged to disperse light from said remote phosphor and

said light sources into an omnidirectional pattern.

32. The lamp of claim 30, wherein said remote phosphor 1is
arranged so that at least some light from said solid state
emitters passes through said remote phosphor and 1is

converted to a different wavelength of light.

33. The lamp of claim 30, wherein said pedestal has a top

surface and multiple side surfaces having an angle greater
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than 90 degrees to said top surface, at least some of these

side surfaces having one of said solid state light sources.

34. The lamp of claim 30, wherein said light sources are
arranged with respect to said remote phosphor so that the
rays of light emitting in different directions from said
light sources pass through approximately the same thickness

of said remote phosphor.

35. The lamp of <claim 30, wherein said 1light sources

approximate a point light source within said remote

phosphor.
36. The lamp of claim 31, wherein said omnidirectional
emission pattern has an intensity variation of

approximately + 20 percent or less.

37. The lamp of claim 30, wherein said pedestal further

comprises a heat pipe.

38. A light emitting diode (LED) based bulb, comprising:

a pedestal having a plurality of LEDs, wherein said
pedestal at least partially comprises a thermally -
conductive material;

a heat sink structure, said pedestal thermally coupled
to said heat sink structure; and

a remote phosphor arranged in relation to said LEDs so
that at least some light from said LEDs pass through said
remote phosphor and is converted to a different wavelength
of light, wherein said bulb emits a white light combination

of light from said LEDs and said remote phosphor.

41



WO 2011/109091 PCT/US2011/000397

39. The bulb of claim 38, further comprising a screw-
threaded portion for mounting said bulb to an Edison

socket.

40. The bulb of claim 38, comprising an A-bulb

replacement.

41. The bulb of claim 38, further comprising a diffuser

dome.

42. The bulb of claim 38, wherein said LEDs emit blue
light and said remote phosphor comprises a phosphor
material that absorbs blue 1light and re-emits yellow or

green light.

43. A bulb or lamp light source, comprising:

a plurality of solid state light emitters;

a pédestal having a top surface, a plurality of first
side surfaces and a plurality of second side surfaces,
wherein said first side surfaces are at an angle greater
than 90 degrees to said top surface and said second side
surfaces are at an angle less than 90 degrees to said top
surface, said solid state light sources mounted to at least

some of said first and second side surfaces.

44. The light source of claim 43, wherein said solid state

light sources comprise light emitting diodes (LEDs).
45. The light source of claim 43, wherein at least one of

said solid state 1light sources is mounted to said top

surface.
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46. The light source of claim 43, wherein said pedestal is

made of a thermally conductive material.

47. The light source of claim 43, wherein said solid state

light sources are electrically coupled in series.

48. The light source of claim 43, wherein said first side
surfaces are adjacent said top surface, and said second

side surfaces are adjacent said first side surfaces.

49. The light source of claim 48, wherein said solid state
light sources are mounted to at least some of said first

side surfaces.

50. The light source of claim 48, wherein said solid state
light sources are mounted on every other one of said first

side surfaces.

51. The 1light source of claim 43, comprising alternating

first and second side surfaces.

52. The light source of claim 43, wherein said first and
second side surfaces are adjacent said top surface and are

alternating.
53. The light source of claim 52, wherein said solid state
light sources are mounted to at least some of said first

side surfaces.

54. The light source of claim 43, wherein said top surface

is approximately horizontal when said pedestal 1is vertical.
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