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1
GAS COOLED LED LAMP

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

[This] 7%e present application is a reissue of U.S. patent
application Ser. No. 14/268,003, filed May 2, 2014, now U.S.
Pat. No. 9,353,937, issued May 31, 2016 which is a divi-
sional of U.S. application Ser. No. 13/774,193, as filed on
Feb. 22, 2013, now U.S. Pat. No. 8,757,839, which 1s
incorporated by reference herein 1n 1ts entirety, which in turn
claims benefit of priority under 35 U.S.C. [§ 119(e)]
$ .119(e) to the filing date of U.S. Provisional Application
No. 61/738,668, as filed on Dec. 18, 2012, which 1s incor-
porated by reference herein 1n 1ts entirety; and to the filing
date of U.S. Provisional Application No. 61/712,385, as filed
on Oct. 11, 2012, which 1s incorporated by reference herein
in 1ts enftirety; and to the filing date of U.S. Provisional
Application No. 61/716,818, as filed on Oct. 22, 2012,
which 1s incorporated by reference herein 1n 1ts entirety; and
to the filing date of U.S. Provisional Application No. 61/670,
686, as filed on Jul. 12, 2012. U.S. application Ser. No.
13/774,193, now U.S. Pat. No. 8,757,839, 1s also a continu-
ation-in-part (CIP) of U.S. application Ser. No. 13/4677,670,
as filed on May 9, 2012, now U.S. [Publication No. 2013/
0271987,] Pat. No. 9322 543, which is incorporated by
reference herein 1n its entirety, and which 1s a continuation-
in-part (CIP) of U.S. application Ser. No. 13/446,759, as
filed on Apr. 13, 2012, now U.S. [Publication No. 2013/
0271972,] Pat. No. 9,395,051, which is incorporated by

reference herein 1n 1ts entirety.

BACKGROUND

Light emitting diode (LED) lighting systems are becom-
ing more prevalent as replacements for older lighting sys-
tems. LED systems are an example of solid state lighting
(SSL) and have advantages over traditional lighting solu-
tions such as incandescent and fluorescent lighting because
they use less energy, are more durable, operate longer, can
be combined in multi-color arrays that can be controlled to
deliver virtually any color light, and generally contain no
lead or mercury. A solid-state lighting system may take the
form of a lighting unit, light fixture, light bulb, or a “lamp.”

An LED lighting system may include, for example, a
packaged light emitting device including one or more light
emitting diodes (LEDs), which may include 1inorganic
LEDs, which may include semiconductor layers forming p-n
junctions and/or organic LEDs (OLEDs), which may
include organic light emission layers. Light perceived as
white or near-white may be generated by a combination of
red, green, and blue (“RGB”) LEDs. Output color of such a
device may be altered by separately adjusting supply of
current to the red, green, and blue LEDs. Another method for
generating white or near-white light 1s by using a lumiphor
such as a phosphor. Still another approach for producing
white light 1s to stimulate phosphors or dyes of multiple
colors with an LED source. Many other approaches can be
taken.

An LED lamp may be made with a form factor that allows
it to replace a standard incandescent bulb, or any of various
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types of tluorescent lamps. LED lamps oiten include some
type of optical element or elements to allow for localized

mixing of colors, collimate light, or provide a particular light
pattern. Sometimes the optical element also serves as an
envelope or enclosure for the electronics and or the LEDs 1n
the lamp.

Since, 1deally, an LED lamp designed as a replacement for
a traditional 1ncandescent or fluorescent light source needs
to be self-contained; a power supply 1s included 1n the lamp
structure along with the LEDs or LED packages and the
optical components. A heatsink 1s also often needed to cool
the LEDs and/or power supply 1in order to maintain appro-
priate operating temperature. The power supply and espe-
cially the heatsink can often hinder some of the light coming
from the LEDs or limit LED placement. Depending on the
type of traditional bulb for which the solid-state lamp 1s
intended as a replacement, this limitation can cause the
solid-state lamp to emuit light in a pattern that 1s substantially
different than the light pattern produced by the traditional
light bulb that 1t 1s intended to replace.

Traditional incandescent bulbs typically comprise a fila-
ment supported on support wires where the support wires are
mounted on a glass stem that 1s fused to the bulb. Wires are
run through the stem to provide electric current from the
bulb’s base to the filament. The stem 1s fused to the
enclosure using heat to melt the glass. In traditional 1ncan-
descent bulbs fusing the stem to the enclosure does not
present a particular problem because the heat generated
during the fusing operation does not adversely aflect the
bulb components. However, such an arrangement has been
considered to be unsuitable for LED lamp designs because
the heat generated during the manufacturing process 1s
known to have an adverse impact on the LEDs. Heat such as
applied during the fusing operation can degrade the perfor-
mance of the LEDs 1n use such as by substantially shorten-
ing LED life. The heat may also affect the solder connection
between the LEDs and the PCB, base or other submount
where the LEDs may loosen or become dislodged from the
PCB, base or other submount. Thus, traditional manufac-
turing processes and structures have been considered wholly
unsuitable for LED based lighting technologies.

SUMMARY OF THE INVENTION

In one embodiment, a lamp comprises an optically trans-
missive enclosure. An LED array 1s disposed 1n the optically
transmissive enclosure operable to emit light when ener-
gized through an electrical connection. A gas 1s contained 1n
the enclosure to provide thermal coupling to the LED array.
A heat sink structure 1s thermally coupled to the LED array
for transmaitting heat from the LED array to the gas. The heat
sink structure 1s at a distance from the enclosure of less than
3 mm.

In one embodiment, a lamp comprises an optically trans-
missive enclosure. An LED array 1s disposed 1n the optically
transmissive enclosure to be operable to emit light when
energized through an electrical connection. A gas 1s con-
tained 1n the enclosure to provide thermal coupling to the
LED array. A heat sink structure 1s thermally coupled to the
LED array for transmitting heat from the LED array to the
gas, where the heat sink structure 1s surrounded by the gas.

In one embodiment, a lamp comprises an optically trans-
missive enclosure. An LED array 1s disposed 1n the optically
transmissive enclosure and 1s operable to emit light when
energized through an electrical connection. The LED array
1s thermally coupled to the enclosure. A base forms part of
the electrical connection to the LED assembly and com-
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prises an upper part that 1s connected to the enclosure and a
lower part that 1s joined to the upper part.

In one embodiment, a lamp comprises an optically trans-
missive enclosure. An LED array 1s disposed 1n the optically
transmissive enclosure to be operable to emait light when
energized through an electrical connection. The LED array
1s mounted on an LED assembly comprising a heat sink
structure where the LED array 1s disposed toward one side
of the LED assembly with the heat sink structure extending
toward the opposite side of the LED assembly. The LED
array 1s positioned substantially in the center of the enclo-
sure. A gas 1s contained 1n the enclosure to provide thermal
coupling to the LED array.

In one embodiment, a lamp comprises an optically trans-
missive sealed enclosure. An LED 1s disposed in the opti-
cally transmissive enclosure operable to emit light when
energized through an electrical connection. A gas 1s con-
tained 1n the enclosure to provide thermal coupling to the
LED array where the gas comprises oxygen.

The LED array may be disposed at one end of an LED
assembly and the heat sink structure may extend at least
substantially to one side of the LED array. The heat sink
structure may comprise fins. The LED array may be dis-
posed toward a top of the LED assembly and the heat sink
structure may extend toward a bottom of the LED assembly.
The LED array may be disposed on an LED assembly and
the LED assembly may be supported on a glass stem where
the heat sink structure at least partially surrounds the glass
stem. The LED array may be positioned such that 1t 1s
disposed substantially 1n the center of the enclosure and the
heat sink structure 1s oflset to one side of the enclosure. The
heat sink structure may contact the enclosure. The gas may
comprise helium. The gas may also comprise hydrogen.

An Edison screw may be formed on the base. The base
may have a relatively narrow proximal end that 1s secured to
the enclosure where a diameter of the base gradually
increases from the proximal end to a point along the base. A
portion of the base with a larger diameter may define an
internal space for receiving a power supply. The base may
gradually narrow from the widest diameter portion to the
Edison screw. An external surface of the base may be formed
by a smooth curved shape. The external surface of the base
may transition from a relatively smaller concave portion to
a relatively larger convex portion from the proximal end to
the Edison screw.

The electrical connection may comprise a thermally resis-
tive electrical path that prevents overtemperature of the LED
array. The thermally resistive electrical path may comprise
a wire, the wire having a dimension such that the dimension
prevents overtemperature of the LED array.

The oxygen may be provided in the enclosure 1 an
amount that 1s suflicient to prevent degradation of the LED.
The lamp may emit light equivalent to a 40 watt equivalent
bulb and the gas may comprise at least approximately 50%
by volume of oxygen. The gas may comprise a second
thermally conductive gas. The second thermally conductive
gas may have a higher thermal conductivity than oxygen.
The second thermally conductive gas may comprise helium.
The gas may have a thermal conductivity of about at least
87.5 mW/m-K. The lamp may emait light equlvalent to a 40
watt equivalent bulb and the gas may comprise approxi-
mately 40-60% by volume of oxygen. The lamp may emit
light equivalent to a 40 watt equivalent bulb and the gas may
comprise approximately 50% by volume of oxygen. The
lamp may emuit light equivalent to a 60 watt equivalent bulb
and the gas may comprise at least approximately 80% by
volume of oxygen. The lamp may emait light equivalent to a
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60 watt equivalent bulb and the gas may comprise approxi-
mately 100% by volume of oxygen. The lamp may emait light
equivalent to a 60 watt equivalent bulb and the gas may
comprise approximately 90% by volume of oxygen. The
lamp may comprise a gas movement device. The gas move-
ment device may comprise at least one of an electric fan, a
rotary fan, a piezoelectric fan, corona or 1on wind generator,
and diaphragm pump.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a side view of an LED lamp according to
embodiments of the mvention. The optical enclosure of the
lamp 1s shown as cross-sectioned so that the inter detail may
be appreciated.

FIG. 2 1s a side view of an LED lamp according to other
embodiments of the invention. In the case of FIG. 2, the
optical enclosure as well as the interior optical envelope of
the lamp 1s shown as cross-sectioned.

FIG. 3 1s a perspective view of an LED lamp according to
other embodiments of the invention. In FIG. 3 the lens of the
LED lamp i1s shown as completely transparent to make
interior detail visible notwithstanding the fact that a diffu-

sive lens material might be used 1n some embodiments.

FIG. 4 1s a top down view of the LED lamp of FIG. 1.
Again, the optical enclosure of the lamp 1s shown as
cross-sectioned so that the inter detail may be appreciated.

FIG. § 1s a top down view of a submount for an LED lamp
according to additional embodiments of the invention. FIG.
5 shows an alternate type of submount and packaged LED
devices that can be used.

FIGS. 6A and 6B show an additional alternative for a
submount for an LED lamp.

FIGS. 7A and 7B show a further alternative for a sub-
mount for an LED lamp.

FIGS. 8 and 9 show further alternatives for submounts for
and LED lamp according to example embodiments of the
invention.

FIG. 10 1s a partial section view of an LED lamp showing
an alternate embodiment of the invention where the enclo-
sure, LED assembly and stem are shown in cross-section.

FIG. 11 15 a side view of an embodiment of an enclosure
usable 1 the manufacture of the embodiment of FIG. 10.

FIG. 12 1s a side view of an embodiment of a stem part
usable 1 the manufacture of the embodiment of FIG. 10.

FIG. 13 1s a side view of an embodiment of a stem part
and LED assembly usable 1n the manufacture of the embodi-
ment of FIG. 10.

FIG. 14 1s a side view of an embodiment of a stem part
and LED assembly of FIG. 12 disposed in the enclosure of
FIG. 11 showing the manufacture of the embodiment of FIG.
10.

FIG. 15 1s a side view of an embodiment of a stem part
and LED assembly of FIG. 12 fused to the enclosure of FIG.
11 showing the manufacture of the embodiment of FIG. 10.

FIG. 16 15 a side view of an embodiment of a stem and
LED assembly fused to the enclosure of FIG. 11 showing the
manufacture of the embodiment of FIG. 10.

FIG. 17 1s a schematic side view of another embodiment
of the lamp of FIG. 10.

FIG. 18 1s a schematic side view of yet another embodi-
ment of the lamp of FIG. 10.

FIG. 19 1s a schematic side view of still another embodi-
ment of the lamp of FIG. 10.
FIG. 20 1s a schematic side view of yet another embodi-

ment of the lamp of FIG. 10.
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FIG. 21 1s a schematic side view of still another embodi-
ment of the lamp of FIG. 10.

FIG. 22 1s a plan view of a lead frame usable in embodi-
ments of the LED assembly of the invention.

FI1G. 23 1s a plan view of a lead frame and LED packages
usable 1 embodiments of the LED assembly of the inven-
tion.

FI1G. 24 1s a plan view of an alternate embodiment of the
lead frame usable in embodiments of the LED assembly of
the invention.

FIG. 25 1s a perspective view of a lead frame configura-
tion usable 1 embodiments of the LED assembly of the
invention.

FIG. 26 1s a perspective view ol another lead frame
configuration usable in embodiments of the LED assembly
of the mvention.

FIG. 27 1s a side view of yet another lead frame configu-
ration usable in embodiments of the LED assembly of the
invention.

FIG. 28 1s a side view of still another lead frame con-
figuration usable 1n embodiments of the LED assembly of
the 1nvention.

FIG. 29 1s a perspective view of another lead frame
configuration usable 1n embodiments of the LED assembly
of the mvention.

FIG. 30 1s a side view of yet another lead frame configu-
ration usable 1n embodiments of the LED assembly of the
invention.

FIG. 31 1s a plan view of a core board configuration usable
in embodiments of the LED assembly of the invention.

FIG. 32 1s a perspective view of a core board configura-
tion usable 1n embodiments of the LED assembly of the
invention.

FIG. 33 1s a perspective view ol another core board
configuration usable 1n embodiments of the LED assembly
of the mvention.

FIG. 34 15 a perspective view of yet another core board
configuration usable 1n embodiments of the LED assembly
of the mvention.

FIG. 35 1s a perspective view of still another core board
configuration usable in embodiments of the LED assembly
of the mvention.

FIG. 36 1s a perspective view of yet another core board
configuration usable in embodiments of the LED assembly
of the invention.

FIG. 37 1s a perspective view of an extruded submount
usable 1 embodiments of the LED assembly of the inven-
tion.

FIG. 38 1s a schematic side view of still another embodi-
ment of the LED assembly usable 1n the lamp of FIG. 10.

FIG. 39 15 a schematic side view similar to FIG. 38 of still
another embodiment of the LED assembly usable 1n the
lamp of FIG. 10.

FIG. 40 1s a schematic side view similar to FIG. 38 of yet
another embodiment of the LED assembly usable 1in the
lamp of FIG. 10.

FIGS. 41 through 43 are end views of various embodi-
ments of the LED assembly showing illustrative shapes.

FIG. 44 15 a perspective view of a metal core board/lead
frame configuration usable in embodiments of the LED
assembly of the mvention.

FIG. 45 1s a perspective view of another metal core
board/lead frame configuration usable 1n embodiments of
the LED assembly of the invention.

FI1G. 46 15 a side view of yet another metal core board/lead
frame configuration usable in embodiments of the LED
assembly of the invention.
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FIG. 47 1s a side view of still another metal core board/
lead frame configuration usable 1n embodiments of the LED

assembly of the invention.

FIG. 48 15 a partial section view of an LED lamp showing
an alternate embodiment of the invention where the enclo-
sure, LED assembly and stem are shown 1n cross-section.

FIG. 49 15 a side view of the LED lamp of FIG. 48.

FIG. 50 1s a perspective view of the LED assembly used
in the LED lamp of FIG. 48.

FIG. 51 1s a plan view of an embodiment of a substrate
usable 1n embodiments of the LED assembly of the mven-
tion showing dimensions.

FIG. 52 1s a view of the ANSI standard dimensions for an
A19 bulb.

FIGS. 53-55 show embodiments of the enclosure includ-
ing dimensions.

FIGS. 56a-56d show additional embodiments of portions
of the lamp of the invention.

FIGS. 57a-58b show additional embodiments of portions
of the lamp of the invention.

FIG. 39 1s an exploded view of an embodiment of the
lamp of the imnvention.

FIG. 60a 1s a perspective view of the embodiment of the
lamp of FIG. 59.

FIG. 60b 1s a partial exploded view of the embodiment of
the lamp of FIG. 59.

FIGS. 60c, 60d and 60¢ are top side and bottom views of
the embodiment of the lamp of FIG. 59.

FIG. 61 1s a plan view of another embodiment of a

substrate usable 1n embodiments of the LED assembly of the
invention.

FIG. 62 1s a front view similar to FIG. 61 showing the
plastic supports mounted on the substrate.

FIG. 63 1s a back view of the substrate and supports of
FIG. 62.
FIG. 64 shows the substrate of FIG. 61 bent mto a

three-dimensional shape.

DETAILED DESCRIPTION

Embodiments of the present invention now will be
described more fully hereimnafter with reference to the
accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be
embodied 1n many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope
of the mvention to those skilled in the art. Like numbers
refer to like elements throughout.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the present
invention. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that when an element such as a layer,
region or substrate 1s referred to as being “on” or extending
“onto” another element, it can be directly on or extend
directly onto the other element or intervening elements may
also be present. In contrast, when an element is referred to
as being “directly on” or extending “directly onto” another
clement, there are no intervening elements present. It will
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also be understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present.

Relative terms such as “below” or “above” or “upper” or
“lower” or “horizontal” or “vertical” may be used herein to
describe a relationship of one element, layer or region to
another element, layer or region as 1llustrated 1n the figures.
It will be understood that these terms are intended to
encompass different orientations of the device 1n addition to
the orientation depicted in the figures.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms

d
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” “compris-
ing,” “includes” and/or “including” when used herein,
specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms used herein should be interpreted as having a
meaning that 1s consistent with their meaning 1n the context
of this specification and the relevant art and will not be
interpreted 1 an idealized or overly formal sense unless
expressly so defined herein.

Unless otherwise expressly stated, comparative, quanti-
tative terms such as “less” and “greater”, are intended to
encompass the concept of equality. As an example, “less”
can mean not only “less™ 1n the strictest mathematical sense,
but also, “less than or equal to.”

The terms “LED” and “LED device” as used herein may
refer to any solid-state light emitter. The terms “solid state
light emitter” or “solid state emitter” may include a light
emitting diode, laser diode, organic light emitting diode,
and/or other semiconductor device which includes one or
more semiconductor layers, which may include silicon,
silicon carbide, gallium nitride and/or other semiconductor
materials, a substrate which may include sapphire, silicon,
silicon carbide and/or other microelectronic substrates, and
one or more contact layers which may include metal and/or
other conductive materials. A solid-state lighting device
produces light (ultraviolet, visible, or infrared) by exciting,
clectrons across the band gap between a conduction band
and a valence band of a semiconductor active (light-emit-
ting) layer, with the electron transition generating light at a
wavelength that depends on the band gap. Thus, the color
(wavelength) of the light emitted by a solid-state ematter
depends on the matenals of the active layers thereof. In
vartous embodiments, solid-state light emitters may have
peak wavelengths 1n the visible range and/or be used in
combination with lumiphoric materials having peak wave-
lengths 1n the visible range. Multiple solid state light emut-
ters and/or multiple lumiphoric materials (1.e., in combina-
tion with at least one solid state light emitter) may be used
in a single device, such as to produce light percerved as
white or near white 1n character. In certain embodiments, the

aggregated output of multiple solid-state light emaitters and/
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or lumiphoric materials may generate warm white light
output having a color temperature range of from about
2200K to about 6000K.

Solid state light emitters may be used individually or in
combination with one or more lumiphoric matenals (e.g.,
phosphors, scintillators, lumiphoric inks) and/or optical ele-
ments to generate light at a peak wavelength, or of at least
one desired perceived color (including combinations of
colors that may be perceived as white). Inclusion of lumi-
phoric (also called ‘luminescent’) materials 1n lighting
devices as described herein may be accomplished by direct
coating on solid state light emitter, adding such materials to
encapsulants, adding such materials to lenses, by embedding
or dispersing such materials within lumiphor support ele-
ments, and/or coating such materials on lumiphor support
clements. Other materials, such as light scattering elements
(e.g., particles) and/or index matching materials, may be
associated with a lumiphor, a lumiphor binding medium, or
a lumiphor support element that may be spatially segregated
from a solid state emuitter.

Embodiments of the present invention provide a solid-
state lamp with centralized light emitters, more specifically,
LEDs. Multiple LEDs can be used together, forming an LED
array. The LEDs can be mounted on or fixed within the lamp
in various ways. In at least some example embodiments, a
submount 1s used. In some embodiments, the submount 1s
light transmissive. A light transmissive submount can be
translucent, diffusive, transparent or semi-transparent. The
submount can have two or more sides, and LEDs can be
included on both or all sides. The centralized nature and
minimal and/or light transmissive mechanical support of the
LEDs allows the LEDs to be configured near the central
portion of the structural envelope of the lamp. In some
example embodiments, a gas provides thermal coupling to
the LED array in order to cool the LEDs. However, the light
transmissive submount can be used with a liquid, a heatsink,
or another thermic constituent. Since the LED array can be
configured 1n some embodiments to reside centrally within
the structural envelope of the lamp, a lamp can be con-
structed so that the light pattern 1s not adversely affected by
the presence of a heat sink and/or mounting hardware, or by
having to locate the LEDs close to the base of the lamp. IT
an optically transmissive submount 1s used, light can pass
through the submount making for a more even light distri-
bution pattern 1n some embodiments. It should also be noted
that the term “lamp” 1s meant to encompass not only a
solid-state replacement for a traditional incandescent bulb as
illustrated herein, but also replacements for fluorescent
bulbs, replacements for complete fixtures, and any type of
light fixture that may be custom designed as a solid state
fixture for mounting on walls, 1n or on ceilings, on posts,
and/or on vehicles.

FIG. 1 shows a side view of a lamp, 100, according to
some embodiments of the present invention. Lamp 100 1s an
A-series lamp with an Edison base 102, more particularly;
lamp 100 1s designed to serve as a solid-state replacement
for an A19 incandescent bulb. An Edison base herein may be
implemented through the use of an Edison cap over a plastic
form. The LEDs in the LED array include LEDs 103, which
are LED die disposed 1n an encapsulant such as silicone, and
LEDs 104, which are encapsulated with a phosphor to
provide local wavelength conversion, as will be described
later when various options for creating white light are
discussed. The LEDs of the LED array of lamp 100 are
mounted on multiple sides of a light transmissive submount
and are operable to emit light when energized through an
clectrical connection. The light transmissive submount
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includes a top portion 106 and a bottom portion 108. The
two portions of the submount are connected by wires 109,
which provide structural support as well as an electrical
connection. The submount 1 lamp 100 includes four mount-
ing surfaces or “sides,” two on each portion. In some
embodiments, a driver or power supply 1s included with the
LED array on the submount. In some cases the driver may
be formed by components on a printed circuit board or
“PCB.” In the case of the embodiments of FIG. 1, power
supply components 110 are schematically shown on the
bottom portion of the submount.

Still referring to FIG. 1, enclosure 112 1s, in some
embodiments, a glass enclosure of similar shape to that
commonly used in household incandescent bulbs. In this
example embodiment, the glass enclosure 1s coated on the
inside with silica 113, providing a diffuse scattering layer
that produces a more uniform far field pattern. Wires 114 run
between the submount and the lamp base 102 to carry both
sides of the supply to provide critical current to the LED:s.
Base 102 may include a power supply or driver and form all
or a portion of the electrical path between the mains and the
LEDs. The base may also include only part of the power
supply circuitry while some smaller components reside on
the submount. The centralized LED array and any power
supply components for lamp 100 1n enclosure 112 are cooled
by helium gas, or another thermal material which fills or
partially fills the optically transmissive enclosure 112 and
provides thermal coupling to the LED array. The helium
may be under pressure, for example the helium may be at 2
atmospheres, 3, atmospheres, or even higher pressures. With
the embodiment of FIG. 1, as with many other embodiments
of the mvention, the term “electrical path™ can be used to
refer to the entire electrical path to the LED array, including,
an intervening power supply disposed between the electrical
connection that would otherwise provide power directly to
the LEDs and the LED array, or 1t may be used to refer to
the connection between the mains and all the electronics in
the lamp, including the power supply. The term may also be
used to refer to the connection between the power supply
and the LED array. Likewise the term “electrical connec-
tion” can refer to the connection to the LED array, to the
power supply, or both.

FIG. 2 shows a side view of a lamp, 200, according to
turther embodiments of the present invention. Lamp 200 1s
again an A-series lamp with an Edison base 202. Lamp 200
includes an LED array that includes a single LED 204 on a
submount 206, which may be optically transmissive. Power
supply components may be included on the submount or 1n
the base, but are not shown 1n this case. Lamp 200 includes
an optically transmissive mner envelope 211, which 1is
internally or externally coated with phosphor to provide
remote wavelength conversion and thus produce substan-
tially white light. The LED array and the power supply for
lamp 200 are cooled by a non-explosive mixture of helium
gas and hydrogen gas in the inner optical envelope 211 that
provides thermal coupling to the LED. Cooling 1s also
provided by helium gas between the iner optical envelope
and optical enclosure 212, which again takes the form and
shape of the glass envelope of a household incandescent
bulb, but can be made out of various materials, including
glass with silica coating (not shown) and various types of
plastics. For purposes of this disclosure, the outermost
optical element of a lamp 1s typically referred to as an
“enclosure” and an 1nternal optical element may be referred
to as an “envelope.”

Still referring to FIG. 2, lamp 200 includes thermic
constituents 1n addition the above-mentioned gasses. Heat-
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sinks 220 are connected to submount 206 and provide
additional coupling between the submount and the helium
gas between envelope 211 and enclosure 212. These heat-
sinks could also be considered part of the submount and/or
could actually be formed as part of the submount out of the
same material. Each heatsink 1s a cone-like structure with
open space 1n the center through which wires 224 pass.
Wires 224 provide a thermally resistive electrical path
between the lamp base and the electronics on submount 206
of lamp 200. The thermal resistance (as opposed to electrical
resistance) prevents heat that may be used to seal the lamp
during manufacturing from damaging the LEDs and/or the
driver for the lamp. Generally, electrical connections for
LEDs are designed to minimize thermal resistance to pro-
vide additional cooling during operation. However, with the
other thermic elements provided to cool the LEDs with
embodiments of the mvention, the connecting wires to the
base can be made thermally resistive to protect the LEDs
during manufacture, while still providing power through an
clectrical connection to the LED and/or the power supply. In
the embodiment of FIG. 2, thermal resistance 1s increased by
using small diameter, long wires, but specific wire geom-
etries and/or specific materials can also be used to provide
a thermally resistive electrical path to the LED array. It
should be noted that a lamp according to embodiments of the
invention might include multiple inner envelopes, which can
take the form of spheres, tubes or any other shapes.

It should be noted that 1f a lamp like lamp 200 in FIG. 2
can be the same size as a lamp like that shown in FIG. 1.
However, in some embodiments, a lamp like that of FIG. 1
may be designed to be physically smaller than that shown in
FIG. 2, for example, lamp 200 of FIG. 2 may have the size
and form factor of a standard-sized household incandescent
bulb, while lamp 100 of FIG. 1 may have the size and form
factor of a smaller incandescent bulb, such as that commonly
used 1n appliances, since space for an inner optical envelope
1s not required. It should also be noted that in this or any of
the embodiments shown here, the optically transmissive
enclosure or a portion of the optically transmissive enclosure
could be coated or impregnated with phosphor or a diffuser.

FIG. 3 1s a perspective view ol a PAR-style lamp 300 such
as a replacement for a PAR-38 incandescent bulb. Lamp 300
includes an LED array on submount 301 like that shown 1n
FIG. 1, disposed within an outer retlector 304. The top
portion 306 of the submount can be seen through a glass or
plastic lens 308, which covers the front of lamp 300. In this
case, the power supply (not shown) can be housed 1n base
portion 310 of lamp 300. Lamp 300 again includes an
Edison base 312. Reflector 304 and lens 308 together form
an optically transmissive enclosure for the lamp, albeit light
transmission 1n this case 1s directional. Note that a lamp like
lamp 300 could be formed with a unitary enclosure, formed
as an example from glass, appropriately shaped and silvered
or coated on an appropriate portion to form a directional,
optically transmissive enclosure. Lamp 300 again includes
gas within the optically transmissive enclosure to provide
thermal coupling to the LED array and any power supply
components that might be included on the submount. In this
example embodiment, the gas includes helium and/or hydro-
gen.

Any of various gasses can be used to provide an embodi-
ment of the invention 1n which an LED lamp includes gas as
a thermic constituent. A combination of gasses can be used.
Examples include all those that have been discussed thus {far,
helium, hydrogen, and additional component gasses, includ-
ing a chlorofluorocarbon, a hydrochlorofluorocarbon, dii-
luoromethane and pentatluoroethane. Gasses with a thermal
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conductivity 1n milliwatts per meter Kelvin (mW/m-K) of
from about 45 to about 180 can be made to work well. For
purposes of this disclosure, thermal conductivities are given
at standard temperature and pressure (STP). Air, Nitrogen
and Oxygen have a thermal conductivity of about 26,
Helium gas has a thermal conductivity of about 156, and
hydrogen gas has a thermal conductivity of about 186, and
neon gas has a thermal conductivity of about 49 at 300K. It
1s to be understood that thermal conductivity values of
gasses may change at diflerent pressures and temperatures.
Gasses can be used with an embodiment of the mmvention
where the gas has a thermal conductivity of at least about 45
mW/m-K, least about 60 mW/m-K, at least about 70 mW/m-
K, least about 100 mW/m-K, at least about 150 mW/m-K,
from about 60 to about 180 mW/m-K, or from about 70 to
about 150 mW/m-K.

A gas used for cooling 1n example embodiments of the
invention can be pressurized, either negatively or positively.
In fact, a gas inserted in the enclosure or internal optical
envelope at atmospheric pressure during manufacturing may
end up at a slight negative pressure once the lamp 1s sealed.
Under pressure, the thermal resistance of the gas may drop,
enhancing cooling properties. The gas inside a lamp accord-
ing to example embodiments of the invention may be at any
pressure from about 0.5 to about 10 atmospheres. It may be
at a pressure from about 0.8 to about 1.2 atmospheres, at a
pressure of about 2 atmospheres, or at a pressure of about 3
atmospheres. The gas pressure may also range from about
0.8 to about 4 atmospheres.

It should also be noted that a gas used for cooling a lamp
need not be a gas at all times. Materials which change phase
can be used and the phase change can provide additional
cooling. For example, at appropriate pressures, alcohol or
water could be used 1n place of or 1n addition to other gasses.
Porous substrates, envelopes, or enclosure can be used that
act as a wick. The diffuser on the lamp can also act as the
wick.

The mventors of the present mnvention have determined
that in a sealed environment such as described herein, 1n
some embodiments operating an LED 1n an oxygen depleted
environment may cause degradation of the LED. One result
of such degradation 1s the browning of the silicone that may
be used as an encapsulant for the LED chip. It 1s believed
that the browning of the silicone may be caused by a
combination of the environment in which the LED 1s oper-
ated (oxygen depleted), contaminants such as organics 1n the
LED assembly or other components 1n the enclosure, the
flux density of the optical energy from the LEDs and/or the
thermal energy generated by the LEDs. While the exact
cause of the degradation 1s not known, it has been discov-
ered that the adverse eflects may be prevented or reversed by
lowering or eliminating the contaminants and/or by operat-
ing the LED 1n an oxygen containing environment. An LED
that 1s operated 1n an oxygen containing environment does
not exhibit the degradation, and the degradation of an LED
that occurs due to the lack of oxygen may be reversed by
operating the LED 1n an oxygen containing environment.

The amount of oxygen used in the enclosure may be
related to the presence or absence of the contaminants such
that 1n an environment containing few contaminants less
oxygen 1s required and 1n an environment containing higher
levels of contaminants higher levels of oxygen may be
required. In some embodiments, no oxygen 1s required such
that the gas may contain only highly eflicient thermal gas
such as H and/or He. In environments having low levels of
contaminants the oxygen may comprise approximately 5%,
4% or less by volume of the total gas in the enclosure such
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as approximately 1%. The oxygen may comprise less than
approximately 50% by volume of the total gas in the
enclosure. In some embodiments, the oxygen may comprise
less than approximately 40% or less than approximately
25% by volume of the total gas in the enclosure.

In one embodiment, for a 40 watt equivalent bulb having
20 LEDs the gas may comprise at least approximately 50%
by volume of oxygen with the remaining gas being a higher
thermally conductive gas such as helium or a combination of
other more thermally conductive gases such as helium and
hydrogen. At a mixture of 50% oxygen and 50% helium the
gas has a thermal conductivity of about 87.5 mW/m-K. The
greater the volume of oxygen 1n the enclosure, the better the
environment 1s for preventing the degradation of the LED;
however, the greater the volume of a high thermally con-
ductive gas in the enclosure, the better the dissipation of heat
from the LED assembly. Because the degradation of the
LED may be related to contaminants in the LED assembly,
the specific amount of oxygen needed in the enclosure may
be determined for a specific application based on the con-
struction of the LED assembly or other components in the
enclosure. In some embodiments the gas may comprise at
least approximately 40% oxygen by volume with the
remaining gas being a higher thermal conductivity gas or a
combination of other gases. In some embodiments the gas
may comprise approximately 40-60% oxygen by volume
with the remaining gas being a higher thermal conductivity
gas or a combination of other gases.

In another example embodiment, for a 60 watt equivalent
bulb having 20 LEDs the gas may comprise approximately
100% by volume oxygen as the gas in the enclosure.
However, because oxygen 1s not a particularly good thermal
conductor the use of about 100% oxygen 1n the enclosure
may not provide suflicient heat transfer from the LED
assembly. To increase the heat transfer from the LED
assembly a gas movement device may be used such as
described herein to circulate the oxygen over the LED
assembly to increase the heat transier from the LED assem-
bly to the gas. As described with respect to FIG. 17, the gas
movement device 1116 may comprise an electric fan, a
rotary fan, a piezoelectric fan, corona or 1on wind generator,
synjet diaphragm pump or the like. The increased gas
circulation created by the gas movement device compen-
sates for the lower thermal conductivity of the oxygen.
While the use of a gas movement device has been described
with respect to a gas of approximately 100% oxygen the gas
movement device may be used with any gas composition to
increase heat transfer from the LED assembly. As previously
explained, because the degradation of the LED may be
related to the level of contaminants in the enclosure, the
specific amount of oxygen needed 1n the enclosure may be
determined for a specific LED assembly being used. In some
embodiments, for a 60 watt equivalent bulb the gas may
comprise at least approximately 90% oxygen by volume
with the remaining gas being a higher thermal conductivity
gas or a combination of other gases. In some embodiments
the gas may comprise at least approximately 80% oxygen by
volume with the remaining gas being a higher thermal
conductivity gas or a combination of other gases. Further, 1t
1s believed that the degradation occurs at the silicone layer
near the LED chip, the degradation may be lessened or
climinated by using different encapsulant materials or dii-
terent LED structures such that oxygen may not be required
in all embodiments.

In some embodiments, the degradation of the LED may be
prevented by the construction of the LED. For example, a
silicon nitride layer may be included on the light emitting
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surface and a sealed environment may surround the light
emitting surface. In some embodiments, the silicon nitride
layer 1s directly on and covers the light emitting surface. The
sealed environment may comprise a sealed gaseous envi-
ronment as described herein.

The silicon nitride layer may provide an embodiment of
a substance blocking or impermeable layer that can prevent
substances such as moisture, carbon, and/or Volatile Organic
Compounds (VOCs) that contain carbon, from reaching the
light emitting surface. The substance blocking layer is
directly on, and completely covers, the light emitting surface
and 1n some embodiments, the substance blocking layer may
comprise a plurality of sublayers. Moreover, materials other
than silicon nitride, such as boron nitride and/or other
inorganic/organic materials, may also be used. One such
example 1s described U.S. patent application Ser. No.
13/758,565 filed on Feb. 4, 2013, titled “Lighting Emitting
Diodes Including Light Emitting Surface Barrier Layers,
and Methods of Fabricating Same,” now U.S. Publication
No. 2014/0175473, the disclosure of which 1s incorporated
by reference herein in 1ts entirety.

Referring to FIGS. 10 through 21 embodiments of a lamp
1000 and an embodiment of a method of making a lamp waill
be described. The lamp 1000 comprises an enclosure 1112
that 1s, 1n some embodiments, a glass, quartz, borosilicate,
silicate or other suitable material. In some embodiments, the
enclosure 1s of a similar shape to that commonly used 1n
household incandescent bulbs. The glass enclosure may be
coated on the inside with silica 1113, or other surface
treatment, to provide a diffuse scattering layer that produces
a more uniform far field pattern or the surface treatment may
be omitted and a clear enclosure may be provided. The glass
enclosure 1112 may have a traditional bulb shape having a
globe shaped main body 1114 that tapers to a narrower neck
1115. A lamp base 1102 such as an Edison base may be
connected to the neck 1115 where the base functions as the
clectrical connector to connect the lamp 1000 to an electrical
socket or other connector. Depending on the embodiment,
other base configurations are possible to make the electrical
connection such as other standard bases or non-traditional
bases.

A glass stem 1120 1s fused to the glass enclosure 1112 1n
the area of neck 1115. The glass stem 1120 may comprise a
generally hollow outer dome 1121 having a first end that
extends into the body 1114 and a second end that 1s fused to
the enclosure 1112 such that the mterior of the enclosure
1112 1s sealed from the external environment. A tube 1126
having an internal passageway 1123 extends through the
interior of dome 1121. An annular cavity 1125 is created

between the tube 1126 and dome 1121. Wires 1150 may
extend between the LED assembly 1130 and base 1102
through the annular cavity 1125. The LED assembly may be
implemented using a printed circuit board (“PCB”) and may
be referred by 1 some cases as an LED PCB.

The lamp 1000 comprises a solid-state lamp comprising a
LED assembly 1130 with light emitting LEDs 1127. Mul-
tiple LEDs 1127 can be used together, forming an LED array
1128. The LEDs 1127 can be mounted on or fixed within the
lamp 1n various ways. In at least some example embodi-
ments, a submount 1129 1s used. The LEDs 1127 in the LED
array 1128 include LEDs which may comprise an LED die
disposed 1n an encapsulant such as silicone, and LEDs which
may be encapsulated with a phosphor to provide local
wavelength conversion, as will be described later when
various options for creating white light are discussed. A wide
variety of LEDs and combinations of LEDs may be used in

the LED assembly 1130 as described herein. The LEDs 1127
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of the LED array 1128 of lamp 1000 may be mounted on
multiple sides of submount 1129 and are operable to emait
light when energized through an electrical connection. Wires
1150 run between the submount 1129 and the lamp base
1102 to carry both sides of the supply to provide critical
current to the LEDs 1127. The wires 1150 may be used to

both supply current to the LEDs and to physically support
the LEDs on the stem 1120.
In some embodiments, a driver 1110 and/or power supply

1111 are included with the LED array on the submount 1129
as shown in FIG. 19. In other embodiments the driver 1110

and/or power supply 1111 are included 1n the base 1102 as
shown 1n FIG. 18. The power supply 1111 and drivers 1110
may also be mounted separately where components of the
power supply 1111 are mounted 1n the base 1102 and the
driver 1110 1s mounted with the submount 1129 in the
enclosure 1112 as shown 1 FIG. 17. Base 1102 may include
a power supply 1111 or driver 1110 and form all or a portion
of the electrical path between the mains and the LEDs 1127.
The base 1102 may also include only part of the power
supply circuitry while some smaller components reside on
the submount 1129. In some embodiments any component
that goes directly across the AC input line may be 1n the base
1102 and other components that assist in converting the AC
to usetul DC may be in the glass enclosure 1112. In one
example embodiment, the inductors and capacitor that form
part of the EMI filter are 1n the Edison base. Suitable power
supplies and drivers are described i U.S. patent application
Ser. No. 13/462,388 filed on May 2, 2012 and titled “Driver
Circuits for Dimmable Solid State Lighting Apparatus,” now
U.S. Pat. No. §,810 144, which 1s icorporated herein by
reference 1n 1ts entirety; U.S. patent application Ser. No.
12/775,842 filed on May 7, 2010 and titled “AC Driven
Solid State Lighting Apparatus with LED String Including
Switched Segments,” now U.S. Pat. No. §,476,5836, which 1s
incorporated herein by reference 1n its entirety; U.S. patent
application Ser. No. 13/192,735 filed Jul. 28, 2011 titled
“Solid State Lighting Apparatus and Methods of Using
Integrated Driver Circuitry,” now U.S. Pat. No. 8,742,671,
which 1s incorporated herein by reference in its entirety;
U.S. patent application Ser. No. 13/339,974 filed Dec. 29,
2011 titled “Solid-State Lighting Apparatus and Methods
Using Parallel-Connected Segment Bypass Circuits” now
US. Pat. No. 9,101,021, which 1s incorporated herein by
reference 1 1ts entirety; U.S. patent application Ser. No.
13/235,103 filed Sep. 16, 2011 titled “Solid-State Lighting
Apparatus and Methods Using Energy Storage,” now U.S.
Pat. No. 9,131,561, which 1s incorporated herein by refer-
ence 1n 1ts entirety; U.S. patent application Ser. No. 13/360,
145 filed Jan. 27, 2012 titled “Solid State Lighting Appa-
ratus and Methods of Forming,” now U.S. Pat. No. 9,510,
413, which 1s incorporated herein by reference 1n 1ts entirety;
U.S. patent application Ser. No. 13/338,095 filed Dec. 27,
2011 titled “Solid-State Lighting Apparatus Including an
Energy Storage Module for Applying Power to a Light
Source Element During Low Power Intervals and Methods
of Operating the Same,” row U.S. Pat. No. 8,823,271, which
1s 1ncorporated herein by reference in 1ts entirety; U.S.
patent application Ser. No. 13/338,076 filed Dec. 27, 2011
titled “Solid-State Lighting Apparatus Including Current
Diversion Controlled by Lighting Device Bias States and
Current Limiting Using a Passive FElectrical Component,”
now U.S. Pat. Publication No. 2013/0162153, which 1s
incorporated herein by reference 1n 1ts entirety; and U.S.
patent application Ser. No. 13/4035,891 filed Feb. 27, 2012
titled “Solid-State Lighting Apparatus and Methods Using
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Energy Storage,” now U.S. Pat. No. 8,791,641, which 1s
incorporated herein by reference 1n its entirety.

The AC to DC conversion may be provided by a boost
topology to minimize losses and therefore maximize con-
version eiliciency. The boost supply 1s connected to high
voltage LEDs operating at greater than 200V. Other embodi-
ments are possible using different driver configurations, or a
boost supply at lower voltages.

The LED assembly 1130 also may be physically sup-
ported by the stem 1120. In certain embodiments, a tube
1133 extends beyond the end of the hollow stem 1120. In one
embodiment the tube 1133 and stem 1120 are formed of
glass and may be formed as a one-piece member. In some
embodiments, there 1s no tube 1133. The tube 1133 com-
prises a passageway 1135 that receives a post or base 1137
formed on a support 1143. Support 1143 further comprises
retention features 1139, such as a plurality of radially
extending arms 1139 that are supported by the post 1137.
The arms 1139 may extend from the post 1137 1n a star
pattern where, for example, about s1x arms are provided. The
exact number of arms 1139 may be dictated by the amount
of support required for a particular LED assembly. In one
embodiment the post 1137 and arms 1139 may be formed as
one-piece from molded plastic. The arms 1139 engage the
LED assembly 1130 to support the LED assembly on stem
1120. In one embodiment the arms 1139 are inserted
between fins 1141 formed on LED assembly 1130 such that
the LED assembly 1s constrained from movement. The wires
1150 may be used to maintain the LED assembly 1130 1n
position on the support 1143 and to maintain the support
1143 1n tube 1133. In some embodiments, the support 1143
rests on the stem 1120 or tube 1133. The LED assembly 1130
may also be supported by separate support wires 1117 that
are fused 1nto the glass stem 1120 and are connected to the
LED assembly as shown i FIG. 17. While two support
wires 1117 are shown a greater number of support wires may
be used to provide three-dimensional support for the LED
assembly 1130. Moreover, support wires 1117 and support
1143 may be used in combination. Further, if wires 1150
adequately support the LED assembly 1130, the support
1143 and/or support wires 1117 may be eliminated.

The use of a glass stem 1120 to support the LED assembly
1130 1s counter to LED lamp design because glass 1s
thermally insulating. Typically, the LEDs 1in a lamp are
supported on a metal support that thermally connects the
LEDs to the base 1102 and/or to an associated heat sink such
that heat generated by the LEDs may be conducted away
from the LEDs and dissipated from the lamp via the metal
support, the base and/or the heat sink. Because glass stem
1120 1s not thermally conductive it will not efliciently
conduct heat away from the LEDs 1127. Because thermal
management 1s critical for the operation of LEDs such an
arrangement has not been considered suitable for an LED
lamp.

The inventors of the present invention have discovered
that the centralized LED array 1128 and any co-located
power supply and/or drivers for lamp 1000 may be
adequately cooled by helium gas, hydrogen gas, and/or
another thermal material which fills the optically transmis-
sive enclosure 1112 and provides thermal coupling to the
LEDs 1127. The thermal material may comprise a combi-
nation of gasses such as helium and oxygen, or helium and
air, or helium and hydrogen, or helium and neon or other
combination of gases. In a preferred embodiment the ther-
mal conductivity of the combined gases 1s at least about 60
mW/m-K. The helium, hydrogen or other gas may be under
pressure, for example the pressure of the helium or other gas
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may be greater than 0.5 atmosphere. The pressure of the
helium or other gas may be greater than 1 atmosphere. The
helium or other gas may be about 2 atmospheres, about 3
atmospheres, or even higher pressures. In some embodi-
ments the gas pressure may be 1n a range from about 0.5 to
1 atmosphere, about 0.5 to 2 atmospheres, about 0.5 to 3
atmospheres, or about 0.5 to 10 atmospheres. Because the
gas adequately cools the LEDs, the lamp 1000 may use a

traditional glass stem 1120 to support the LED assembly

1130.
To facilitate the cooling of the LEDs 1127, the LEDs may
be mounted on a thermally conductive submount 1129 that

improves and increases the heat transter between the thermal
gas contained in enclosure 1112 and the LEDs 1127. The
submount 1129 may comprise heat sink structure 1149
comprising a plurality of fins or other similar structure 1141
that increases the surface area of contact between the heat
sink and the thermal gas in enclosure 1112.

In some embodiments a gas movement device 1116 may
be provided to move the thermal gas within the enclosure
1112 to increase the heat transfer between the LEDs 1127,
LED array 1128, submount 1129, and/or heat sink 1149 of
LED assembly 1130 and the thermal gas contained 1n
enclosure 1112 as shown in FIG. 17. The movement of the
gas over the LED assembly 1130 moves the gas boundary
layer on the components of the LED assembly. In some
embodiments the gas movement device 1116 comprises a
small fan. The fan may be connected to the power source
that powers the LEDs 1127. Tests have shown that by
moving the thermal gas inside the enclosure 1112, the
temperature 1 the enclosure may be reduced by 40° C.
(Tjunction reduced from ~125 C to 85 C). Reducing the
temperature provides a significant increase in thermal man-
agement. Use of a gas movement device 1116 also allows the
surface areca of the LED assembly 1130 to be reduced
thereby reducing the cost of the lamp. While the gas
movement device 1116 may comprise an electric fan, the gas
movement device 1116 may comprise a wide variety of
apparatuses and techniques to move air mside the enclosure
such as a rotary fan, a piezoelectric fan, corona or 1on wind
generator, synjet diaphragm pumps or the like.

In the embodiment of FIG. 10 the LED assembly 1130
comprises a submount 1129 arranged such that the LED
array 1128 1s disposed in the center of the LED assembly
with the heat sink structure 1149 extending to both sides of
the LED array 1128, above and below the LED array 1128.
In this arrangement the LED assembly 1s disposed substan-
tially in the center of the enclosure 1112 with the LED array
1128 centered on the submount such that the LED’s 1127 are
positioned at the approximate center of enclosure 1112. As
used herein the term “center of the enclosure™ refers to the
vertical position of the LEDs in the enclosure as being
aligned with the approximate largest diameter area of the
globe shaped main body 1114. As used herein the terms
“center of the enclosure” and “optical center of the enclo-
sure” refers to the vertical position of the LEDs 1n the
enclosure as being aligned with the approximate largest
diameter area of the globe shaped main body 114. “Vertical”
as used herein means along the longitudinal axis of the bulb
where the longitudinal axis extends from the base to the free
end of the bulb. In one embodiment, the LED array 1128 is
arranged 1n the approximate location that the visible glowing
filament 1s disposed in a standard incandescent bulb. The
terms “‘center of the enclosure” and “optical center of the
enclosure” do not necessarily mean the exact center of the
enclosure and are used to signmify that the LEDs are located
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along the longitudinal axis of the lamp at a position between
the ends of the enclosure near a central portion of the
enclosure.

FIGS. 48, 49 and 50 show another embodiment of the
LED lamp and LED assembly 1130 using an asymmetric
LED assembly 1130 where the LED array 1128 1s disposed
at one end of the LED assembly 1130 with the heat sink
structure 1149 configured 1n asymmetric fashion relative to
the positioning of the LED array 1128, for example such as
fins 1141 extending substantially to one side of the LED
array 1128. In the illustrated embodiment the LED array
1128 1s disposed toward the top of the LED assembly 1130
(to the side opposite base 1102) with the heat sink structure
1149 extending toward the base. The heat sink structure
1149 may at least partially encircle or surround the stem
1120 1n some embodiments. In the 1llustrated embodiment,
the heat sink structure 1149 encircles the stem 1120. The
LED’s 1127 are positioned such that they are disposed
substantially in the center of the enclosure 1112 with the heat
sink structure 1149 being oflset to one side of the enclosure.
One advantage of such an arrangement 1s that the dimen-
s1ons of the enclosure 1112 may be configured to shorten the
overall height of the enclosure 1112 while still retaining the
LED assembly 1130 with the LED’s 1127 disposed in the
approximate center of the enclosure. A second advantage of
such an arrangement relates to the cooling of the LED
assembly 1130. The inventors have discovered that the LED
assembly 1130 1s more efliciently cooled when the heat sink
structure 1149 1s disposed closer to the enclosure 1112. It 1s
understood that such an arrangement increases cooling of
the LED assembly 1130 because the gas inside of the
enclosure 1112 acts as a thermally conductive path between
the LED assembly 1130 and the enclosure 1112. The enclo-
sure 1112 dissipates the heat to the ambient environment. By
mimmizing the distance between at least a portion or area of
the LED assembly 1130, for example the distance between
at least a portion or area of the heat sink structure 1149 and
the enclosure 1112, the thermal path between the LED
assembly 1130 and the enclosure 1s shortened thereby cre-
ating more etlicient cooling of the LED assembly 1130. In
some embodiments, by positioning the LED assembly over
the stem, the diameter of the LED assembly 1130 1s
increased and the distance to the enclosure 1s reduced
thereby further improving thermal management.

The LED array 1128 1s mounted on a {irst portion of the
LED assembly and the heat sink structure 1149 forms a
second part of the LED assembly that 1s thermally coupled
to, and extends from, the first portion of the LED assembly.
“Thermally coupled” 1s meant to be a thermal path that
provides suflicient heat dissipation to enable acceptable
LED performance and longevity but is not meant to cover
any path where heat may travel 1n a very neflicient manner,
such as through a thermally insulating material. As
described herein the first portion and second portion may be
formed of single or multiple components of single or mul-
tiple layers and/or matenals. The first portion 1s dimensioned
to support the LED array while the second portion 1s
dimensioned to dissipate heat from the LEDs. The second
portion may be significantly larger than the first portion to
increase the surface area of the heat sink portion to more
cllectively transier heat to the gas. The heat sink structure
1149 may comprise fins 1141. Because the heat sink struc-
ture 1149 transfers heat from the LED assembly to the gas
in the enclosure 1114 the heat sink structure 1s completely
contained 1n the sealed enclosure such that a significant
thermal path from the LED assembly 1130 is through the

fins, the gas and the enclosure. As a result, the heat sink
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structure 1149 need not be directly connected to the base
1102 via a thermal coupling such as a metal connection. In
certain embodiments, the only metal connection between the
heat sink structure and the base 1s through the electrically
conductive wires 1150 that form part of the electrical path to
the LED array and the primary thermal path from the LED
assembly 1130 1s through the fins, the gas and the enclosure.

The LED assembly 1130 may be supported on the glass
stem 1120 such as by support 1143. In certain embodiments
the glass stem and support are thermal insulators, or at least
are poor thermal conductors, such that the thermal paths
from the LED assembly 1130 1s through the gas and enclo-

sure and a secondary thermal path 1s through wires 1150. In
FIG. 48, a support 1143 engages the LED assembly 1130 to
provide support to the LED assembly 1130. The support
1143 can be formed of single or multiple components of
single and/or multiple layers and or materials. In this
embodiment, the support 1143 1s made of an electrically
insulating material and comprises retention features or arms
1139 extending from a base 1137 as shown for example 1n
FIGS. 56a-56d. The base 1137 can either rest on the stem
1120 or the base 1137 can be configured to receive a tube
1133, for example with a cavity 1147. In certain embodi-
ments, the base 1137 and arms 1139 may be formed as
one-piece from molded plastic. The arms 1139 engage the
LED assembly 1130 to support the LED assembly on stem
1120. In one embodiment, the arms 1139 are inserted 1n
spaces between fins 1141 formed on LED assembly 1130
such that the LED assembly 1s supported. The support 1143
can include channels, grooves, holes and/or other wire
engaging structures 1145 to receive wires 1150, which can
also be used to maintain the position of the support 1143
relative to the LED assembly 1130. As previously men-
tioned, the support 1143 or LED assembly 1130 may also be
supported by separate support wires. Further, 11 wires 1150
adequately support the LED assembly 1130, the support
1143 and/or support wires 1117 may be eliminated.
Depending on the embodiment, different types of supports
and multiple supports 1143 are possible to provide support
for the LED assembly. In certain embodiments the support
1s built integral with the stem 1120 or integral with the LED
assembly 1130. In other embodiments, a separate support
1143 1s used. In certain embodiments, supporting surfaces
1139 engage the LED assembly 1130, and a base 1137
retains the position of the support 1143 relative to the LED
assembly 1130. In some embodiments, the base 1137
engages a tube 1133 that 1s integral to the stem 1120. In some
embodiments the base 1137 simply rests on the stem 1120.
In some embodiments, the base 1137 is integral with the
supporting surfaces 1139. The arms or support members
1139 may engage the LED assembly 1130 through grooves,
channels or holes 1n the support 1143. The supporting
surfaces 1139 engage the LED assembly 1130 between the
fins 1141. In other embodiments, other supporting arrange-
ments are possible which engage the LED assembly using
holes, grooves, notches, friction fit and/or other engagement
structures. FIGS. 56a-d show different supports 1143 where
like reference numbers indicate like features. Note, in FIGS.
56c-d, grooves 1146 allow wires 150 to come from within
the LED assembly 1130, be guided into groove 1146, folded
through groove 1146 1n the support members 1139 {for
bonding the wires 1150 to the LED assembly 1130 on an
outer surface of the LED assembly 1130 for electrical
contact. The supports 1143 can comprise a hole 1147 to
engage the stem 1120, for example with the tube 1133
extending from the stem 1120. For example the support 1143
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can be slid over the tube 1133 through the hole 1147.
Depending on the embodiments, different supports 1143 are
possible.

In certain embodiments, because heat 1s primarily dissi-
pated from the LED assembly 1130 through the gas and
enclosure, rather than though a physical heat path to the
base, a signmificantly larger thermal path 1s created through
the heat sink structure, gas and enclosure than through the
wires 1150. The heat transier through the wires 1150 1s less
than the heat transter through the heat sink structure, gas and
enclosure, and 1n some embodiments significantly Iess.
Accordingly, in some embodiments the LED assembly 1130
1s arranged 1n the enclosure such that the heat sink structure
extends into the volume of gas. The ends of the heat sink
structure terminate 1n the enclosure. The heat sink structure
1s surrounded by or substantially surrounded by the gas in
the enclosure. In other words the heat sink structure and
LED assembly are disposed in the gas such that the gas
substantially surrounds and contacts the external surfaces of
the heat sink structure and LED array. It 1s to be understood
that the gas surrounding or substantially surrounding the
heat sink structure distinguishes from arrangements where
the heat sink structure extends into and/or 1s directly con-
nected to the base or other external structure by a physical
thermal coupler where the primary thermal path follows the
physical connection. The term surrounding or substantially
surrounding the heat sink structure includes heat sink struc-
tures that may comprise multiple layers where the gas may
contact some of the layers or portions of some of the layers
but not contact all of the layers. In some embodiments, the
ends of the heat sink structure may be described as termi-
nating 1n the gas 1nside of the sealed enclosure rather than
extending to the base or to a metal thermal conductor. In
some embodiments, the heat sink structure 1s not directly
connected to the base other than by the electrical wires 1150
such that the primary thermal transier path from the LEDs
1s through the gas to the enclosure. In some embodiments,
the heat sink structure and LED assembly are physically
separated from the base.

Because heat 1s conducted away from the LEDs by the
heat sink structure and the gas, the eflectiveness of the heat
transier may be atlected by the surface area of the heat sink
structure and the proximity of the heat sink structure to the
enclosure. Making the heat sink structure of a suitable
surface area increases heat transfer from the LED assembly
to the gas. Making at least a portion of the heat sink structure
in relatively close proximity to the enclosure shortens the
length of the thermal path to the enclosure where the heat 1s
dissipated to the ambient environment.

In one embodiment, the distance between the heat sink
structure 1149 and the enclosure 1112, at the closest point
between the heat shrink structure and the enclosure, 1s less
than about 8 mm. In the illustrated embodiment this 1s
accomplished by arranging the heat sink structure to one
side of the LED array such that the distal end of the heat sink
structure 1s disposed adjacent the narrow neck portion 1115
ol the enclosure where the narrowed neck brings the surface
of the enclosure into close proximity with the heat sink
structure. Suitable dimensions of one embodiment of a lamp
are shown 1n FIG. 48 where the dimensions are 1n millime-
ters (mm). Note the bulb in FIG. 48 1s slightly longer than
the ANSI standard for an A19 bulb (FIG. 52); however, the
bulb shown in FIG. 48 1s suitable as a replacement for an
A19 bulb. Moreover, the dimensions of the bulb may be
varied by using different enclosures such as shown 1n FIGS.
53-55 where the dimensions are in millimeters (mm). In
some embodiments an enclosure having a wider neck may
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be used where the LED assembly may be made wider and
the overall length of the bulb shortened to be within the
ANSI standard dimensions. In other embodiments, fins or
other structures may be formed to extend toward the enclo-
sure and may extend to other areas of the enclosure than the
narrow neck. In other embodiments, the distance between
the heat sink structure 1149 and the enclosure 1112, at the
closest point between the heat shrink structure and the
enclosure, 1s less than about 5 mm, 1n another embodiment
the distance i1s approximately between about 4 mm and
about 5 mm, and 1n some embodiments the distance 1s less
than 4 mm. In some embodiments, the heat sink structure
1149 may contact the enclosure 1112 to make the distance
between the heat sink structure and the enclosure zero.
Moreover, 1n other embodiments the distance between the
heat sink structure 1149 and the enclosure 1112, at the
closest point between the heat shrink structure and the
enclosure, 1s between about 3 mm and about 8 mm. More-
over, 1 other embodiments the heat sink structure may be
oflset relative to the LED array towards the top of the
enclosure (away from base 1102).

In one embodiment, the surface area of the LED assembly
1s at least about 3,000 square mm. In some embodiments, the
exposed surface area of the heat sink structure i1s at least
4,000 square mm, at least 5,000 square mm, and at least
8,000 square mm. The exposed surface area may be between
approximately 2,000 to 10,000 square mm and in one
embodiment the surface area may be approximately between
4,000 square mm and 5,000 square mm. In another embodi-
ment, the exposed surface area of one side of the heat sink
structure 1149 may approximately between 1500 square mm
and 4000 square mm. Referring to FIG. 51 an embodiment
of a suitable substrate 1s illustrated having a heat sink
structure 1149 and a LED array supporting structure 1128.
The substrate may comprise a metal core board or other
thermally conductive material. Suitable dimensions are
shown 1n FIG. 51 for one embodiment of a suitable substrate
where the dimensions are in millimeters (mm). In this
embodiment the thickness of the substrate may be about 1
mm-2.0 mm thick. For example the thickness may be about
1.6 mm or about 1 mm. In other embodiments a copper or
copper based lead frame may be used. Such a lead frame
may have a thickness of about 0.25-1.0 mm, for example,
0.25 mm or 0.5 mm. In other embodiments, other dimen-
s1ons 1ncluding thicknesses are possible. As shown the entire
area ol the substrate 1s thermally conductive such that the
entire LED assembly will dissipate heat to the surrounding
gas. In such an embodiment the first portion functions both
to support the LED array and to act as a heat sink while the
second portion forms a heat sink structure 1149. The sub-
strate of FIG. 531 may be bent into the configuration of the
LED assembly shown in FIG. 50. In such embodiments the
LEDs may be spaced from the enclosure a distance of 25
mm or less from the enclosure. In some embodiments, the
LEDs may be spaced from the enclosure a distance of 20
mm or less and 1 other embodiments, the LEDs may be
spaced from the enclosure a distance of 15 mm or less. In
some embodiments the distance between opposed LEDs on
the LED array may be approximately %3 of the total width of
the enclosure at the level of the LEDs. The LEDs may be
spaced from the upper end of the enclosure approximately
25 mm. In one embodiment, the enclosure and base are
dimensioned to be a replacement for an ANSI standard A19
bulb such that the dimensions of the bulb fall within the
ANSI standards for an A19 bulb. The relative dimensions,
distances, areas described above and/or ratios thereof may
vary depending on the size and shape of the bulb provided
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that the arrangement 1s able to effectively conduct heat away
from the LEDs through the gas and enclosure as described
herein. For bulbs other than Al19 replacement bulbs the
relative dimensions, distances, areas described above and/or
ratios thereof may be different and are determined by the
physical characteristics of the bulb and the heat generated by
the LEDs and may be scaled to function in different size
bulbs. For example, FIG. 52 shows the ANSI standard
envelope for an ANSI A19 standard; however, ranges and
dimensions may be scaled for other ANSI standards includ-
ing, but not limited to, A21 and A23 standards. In other
embodiments, the LED bulb can have any shape, including
standard and non-standard shapes.

In some embodiments, the LED bulb 1000 1s equivalent
to a 60 Watt incandescent light bulb. In one embodiment of
a 60 Watt equivalent LED bulb, the LED assembly 1130
comprises an LED array 1128 of 20 XLamp® XT-E H1g1
Voltage white LEDs manufactured by Cree, Inc., where each
XLamp® XT-E LED has a 46 V forward Voltage and
includes 16 DA LED chips manufactured by Cree, Inc. and
configured 1n series. The XLamp® XT-E LEDs may be
configured in four parallel strings with each string having
five LEDs arranged 1n series, for a total of greater than 200
volts, e.g. about 230 volts, across the LED array 1128. In
another embodiment of a 60 Watt equivalent LED bulb, 20
XLamp® X'T-E LEDs are used where each XT-E hasa 12V
forward voltage and includes 16 DA LED chips arranged 1n
four parallel strings of four DA chips arranged 1n series, for
a total of about 240 volts across the LED array 1128 1n this
embodiment. In some embodiments, the LED bulb 1000 1s
equivalent to a 40 Watt incandescent light bulb. In such

embodiments, the LED array 1130 may comprise 10
XLamp® XT—* LEDs where each X'T-E includes 16 DA

LED chips configured in series. The 10 46V XLamp®
XT-E® LEDs may be conlgured in two parallel strings
where each string has five LEDs arranged in series, for a
total of about 230 volts across the LED array 1128. In other
embodiments, different types of LEDs are possible, such as
XLamp® XB-D LEDs manufactured by Cree, Inc. or others.
Other arrangements of chip on board LEDs and LED
packages may be used to provide LED based light equiva-
lent to 40, 60 and/or greater other watt incandescent light
bulbs, at about the same or diflerent voltages across the LED
array 1128.

In one embodiment, the LED assembly 1130 has a maxi-
mum outer dimension of the first portion that includes the
LED array 1128 that fits into the open neck of the enclosure
1112 during the manufacturing process and an internal
dimension of a portion of the second portion that i1s at least
as wide as the width or diameter of the stem 1120. In one
embodiment, at least an upper portion of the LED assembly
has a maximum diameter that 1s less than the diameter of the
neck and a lower portion has an internal dimension that 1s at
least as wide as the width or diameter of the stem. In one
embodiment the LED array 1s dimensioned so as to be able
to be nserted through the neck of the enclosure and at least
another portion of the LED assembly has a greater diameter
than the stem. In some embodiments the LED assembly,
stem and neck have a cylindrical shape such that the relative
dimensions of the stem, LED assembly and the neck may be
described as diameters. In one embodiment, the diameter of
the LED assembly may be approximately 20 mm. In other
embodiments some or all of these components may be other
than cylindrical or round in cross-section. In such arrange-
ments the major dimensions of these elements may have the
dimensional relationships set forth above. In other embodi-
ments, the LED assembly 1130 can have different shapes,
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such as triangular, square and/or other polygonal shapes
with or without curved surfaces.

Still referring to FIGS. 48 and 49, a modified base 1102
1s shown comprising a two part base having an upper part
1102a that 1s connected to enclosure 1112 and a lower part
1102b that 1s jomned to the upper part 1102a. An Edison
screw 1103 1s formed on the lower part 1102b for connecting,
to an Edison socket. The base 1102 may be connected to the
enclosure 1112 by any suitable mechamism including adhe-
sive, welding, mechanical connection or the like. The lower
part 1102b 1s joined to the upper part 1102a by any suitable
mechanism including adhesive, welding, mechanical con-
nection or the like. The base 1102 may be made reflective to
reflect light generated by the LED lamp. The base 1102 has
a relatively narrow proximal end 1102d that 1s secured to the
enclosure 1112 where the base gradually expands in diam-
cter from the proximal end to a point P between the proximal
end and the Edison screw 1103. By providing the base 1102
with a larger diameter at an intermediate portion thereof the
internal volume of the base 1s expanded over that provided
by a cylindrical base. As a result, a larger internal space 1103
1s provided for recerving and retaining the power supply
1111 and drivers 1110 1n the base. From point P the base
gradually narrows toward the Edison screw 1103 such that
the diameter of the Edison screw may be received in a
standard Edison socket. The external surface of the base
1102 1s formed by a smooth curved shape such that the base
umiformly reflects light outwardly. Providing a relatively
narrow proximal end 1102d prevents the base 1102 from
blocking light from being projected generally downward and
the concave portion 1107 reflects the light outwardly 1n a
smooth pattern. The smooth transition from the narrower
concave portion 1107 to the wider convex portion 1109 also
provides a soft reflection without any sharp shadow lines.
Because the base 1102 1in the embodiment of FIGS. 48 and
49 15 relatively long compared to a traditional Edison screw,
moving the LED assembly downward toward the base as
explained above with reference to FIG. 48, allows the
overall dimensions of the bulb to remain within the ANSI
standard for an A19 bulb.

FIG. 57a shows a portion of an exploded view of an
embodiment of the LED bulb 1000 showing further detail of
how the electrical wires 1150 are connected to the Edison
base socket 1103. As shown, the electrical wires 1150 run
through the stem 1120 which has been fused to the enclosure
1115 as described herein. The base upper part 1102a com-
prises wire retention features 1116. In this embodiment, the
wire retention features are simply members 1116 that extend
across the base upper part 1102a. The wires are wrapped or
at least retained by the wire retention features. In certain
embodiments, the retention members 1116 can include
holes, grooves or other features that aid 1n the alignment and
retention of the wires 1150. In this embodiment the retention
members 1116 are integral with a cavity or hole 1117 which
assists 1n aligning the upper base 1102a with tube 1126 and
thereby the enclosure 1112. Other alignment, support and/or
retention features are possible. FIG. 57c¢ shows an alterna-
tive embodiment with a different arrangement of alignment,
retention and/or support features, such as retention features
1118 to align the wires 1150, the upper enclosure 1112, the
upper base 1102 and/or the lower base 102b.

As shown 1n FIG. 57a, 1n some embodiments, electrical
coupling arrangement or connectors 1119, such as conduc-
tive clips are used to electrically couple the electrical wires
1150 to contacts 1106 of a printed circuit board 1107 which
includes the power supply, including large capacitor and
EMI components that are across the input AC line along with
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the driver circuitry as described herein. The printed circuit
board 1107 includes a notch 1108 which receives the tube
1126 to assist in aligning the base lower part 1102b with the
base upper part 1102a. Depending on the embodiment, the
lower and upper parts 1102a and 1102b can snap together or
connected together by other means. Depending on the
embodiment, the upper and lower parts 1102a and 1102b
could be integrated into one piece which 1s electrically
coupled to the electrical wires 1150.

FIG. 58a shows another embodiment of the base upper
part 1102a 1 which an electrical coupling 1119 is integral
with the upper base 102a. In this embodiment, the electrical
coupling or interconnect 1119 includes a first contact portion
1119a that engages the wires 1150, and a second contact
portion 1119b that engages the contacts 1106 of the circuitry
1110 1n the lower base 1102b when the upper base 102a, the
lower base 1102b and the enclosure 1112 are connected
together. In this embodiment, the electrical coupling 1119
includes a hole 1117 which receives the tube 1126 to aid 1n
alignment and retention of the electrical wires 1150 and of
the electrical coupling 1119 as well as the upper base 1102a
with the enclosure 1112. Other configurations are possible
for the electrical interconnect 1119, the lower base 1102b
and/or the upper base 1102a. Depending on the embodiment,
the electrical coupling between the wires 1150 and any
circuitry 1110 1n the base 1102 as well as any alignment or
wire retention features 1116, 1117 or 1118, the lower base
1102b and/or the upper base 1102a can be integrated into a
single component and/or comprise multiple components.
For example, FIG. 58b shows a separate interconnect 1119
comprising a first contact portion 1119a and a second contact
portion 1119b that engages the contacts of the circuitry 1110.
The mterconnect 1119 comprises a hole 1117 which recerves
the tube 1126 such that the interconnect 1119 slides onto
tube 1126 and clectrically couples the wires 1150 with the
contacts 1106 for the circuitry 1110 1n the lower base 1102b.
Additional features providing electrical connection, align-
ment retention and physical connection are possible. In
some embodiments, the circuitry 1110 can be within the
enclosure 1112, for example mounted to the LED assembly
1130, then the interconnect 1119 could be as simple as a
contact between wires 1150 and the Edison base 1103. In
other embodiments, the a portion of the circuitry 1110 could
be 1n the base 1102 and a portion of the circuitry 1110 could
be within the enclosure 1112, such as including circuitry that
1s across the AC line being positioned within the base 1102
and the driver circuitry being positioned within the interior
of the LED assembly 1130.

FIGS. 59-60¢ illustrate an embodiment of a lamp 1000
that can serve as a replacement for an incandescent bulb.
This embodiment makes use of similar components or
features which have already been described using the ret-
erence numbers shown in the drawings. In this embodiment,
the support 1143 1s similar to the support described with
reference to FIGS. 56¢ and 56d. An interconnect or electrical
coupling 1119 1s shown as a separate piece with a first
clectrical contact portion 1119a and a second contact portion
1119b respectively contacting the wires 1150 and the con-
tacts 1106 on a printed circuit board 1107 on which 1s
mounted circuitry 1110. The electrical contacts of the inter-
connect 1119 are on a support 1119c¢ such as a plastic
support. The interconnect 1119 includes a hole 1117 for
engaging the stem 1126 for alignment and support. The stem
1126 also engages a notch 1108 1n the printed circuit board
1107 to provide alignment and support as has been described
above. In this embodiment, the EMI circuitry across the AC
line and driver circuitry/power supply comprising a boost
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converter or topology as described above 1s mounted on the
printed circuit board 1107. In the FIGS. 59-60¢, the enclo-
sure 1112 1s shown as transparent. It should be understood
that the enclosure 1112 could be frosted. Other embodiments
are possible.

Any aspect or features of any of the embodiments
described herein can be used with any feature or aspect of
any other embodiments described herein or integrated
together or implemented separately 1n single or multiple
components.

To further explain the structure and operation of an
embodiment of the lamp 1000 an embodiment of a method
of making a lamp will be described. Referring to FIG. 11, an
enclosure 1112 may be created having a main body 1114 and
a relatively narrow neck 1115. In one embodiment the
enclosure 1112 1s made of glass and may be coated by silica
1113 or other coating as explained herein. The enclosure
1112 may have the form of an incandescent bulb, PAR lamp,
or other existing form factor.

Referring to FIG. 12, a glass stem part 1131 1s provided
that forms glass stem 1120, tube 1126, and tube 1133 1n lamp
1000. Stem part 1131 comprises a tube having a flared first
portion 1131a that extends into the enclosure 1112 and forms
stem 1120 1n the finished lamp as described with reference
to FIG. 10. The stem part 1131 comprises a second portion
1131b that 1s a tube that 1s an extension of tube 1126 located
inside of stem 1120. Second portion 1131b extends outside
of the enclosure 1112 during manufacture of the lamp and 1s
substantially removed from the finished lamp. Located
between the first portion 1131a and the second portion 1131b
1s a glass tlange or disc 1132 that protrudes radially from the
dome 1121. The flange 1132 1s dimensioned such that 1t
substantially fills the open area of the neck 1115. A third
portion 1131c extends from the first portion 1131a and
defines tube 1133 and internal bore 1135 1n lamp 1000. To
make the stem part 1131 the areca 1131d between the first
portion 1131a and the third portion 1131c 1s fused such that
the passage 1126 1s blocked between the first portion 1131a
and the third portion 1131c. A pair of holes 1142 are formed
in the area of fused portion 1131d that communicate pas-
sageway 1126 with the exterior of the stem part 1131 such
that when the stem part 1131 1s secured to the enclosure 1112
the interior of the enclosure 1s 1n communication with the
exterior of the enclosure via the passage 1126 and holes
1142. The holes 1142 may be formed by creating thin
portions in the stem and blowing out the thinned portions by
introducing gas under pressure into passageway 1126. The
wires 1150 for powering the LEDs may extend through and
fused 1nto area 1131d such that the wires extend from
outside the stem part 1131 through annular cavity 1125 and
out the stem part 1131 adjacent flange 1132. I used, the
support wires 1117 may be embedded in the fused area
1131d.

Referring to FIG. 13, an LED assembly 1130 1s mounted
to the stem part 1131 by support wires 1121, wires 1150
and/or support 1143. The LED assembly 1130 may comprise
the LED array 1128, the submount 1129, the heat sink
structure 1149, the driver and/or power supply, and/or the
gas movement device 1116 as previously described. The
wires 1150 are connected to the LED assembly 1130 for
delivering current to the LEDs 1127. The wires 1150 extend
from the LED assembly 1130 through the stem part 1131 to
be connected to the electronics 1n the base 1102. The LEDs
1127 are positioned 1n the LED assembly 1130 and the LED
assembly 1130 1s positioned 1n the enclosure 1112 such that
a desired light pattern 1s generated by the LEDs and lamp
1000. For a replacement incandescent bulb the LEDs 1127
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may be centrally located in the enclosure 1112 such that the
light 1s emitted from the enclosure substantially uniformly
about the surface of the enclosure. The lamp may also
comprise a directional lamp such as BR-style lamp or a
PAR-style lamp where the LEDs may be arranged to provide
directional light.

Referring to FI1G. 14, the stem part 1131 with the LED
assembly 1130 1s inserted into the enclosure 1112 such that
the flange 1132 1s disposed 1n the lamp neck 1115 and the
LED assembly 1130 is positioned in the body 1114. The
stem portion 1131b and wires 1150 extend from the enclo-
sure 1112. The neck 1115 and flange 1132 are heated. The
glass becomes molten and the flange 1132 1s fused to the
neck 1115 such that an air tight seal 1s created to 1solate the
interior of the enclosure 1112 from the exterior of the
enclosure as shown 1n FIG. 15. The heating process may be
performed 1n a gas pressurized mandrel such that the neck
and flange are formed 1nto a desired shape. After fusing the
enclosure 1112 to the stem part 1131 communication
between the interior of the enclosure 1112 and the exterior
ol the enclosure may only be made through the passage 1126
and holes 1142.

Because the LEDs 1127 and LED assembly 1130 are heat
sensitive the application of heat to fuse the stem part 1131
to the enclosure 1112 may cause an overtemperature situa-
tion for the LED assembly 1130. Overtemperature 1s a
concern for at least two reasons. First, overtemperature may
degrade the performance of the LEDs 1127 1n use such as by
substantially shortening LED life. Overtemperature may
also aflect the solder connection between the LEDs 1127 and
the PCB, base or other submount where the LEDs may
loosen or become dislodged from the LED assembly 1130.
Overtemperature may be caused by a combination of both
peak temperature and the length of time the LED assembly
1130 1s exposed to heat. Overtemperature as used herein
means a heating of the LED assembly 1130 or LEDs 1127
such that either the performance of the LEDs 1s degraded or
the solder connection i1s degraded or both. It 1s desired when
attaching the stem part 1131 to the enclosure 1112 that heat
transterred to the LEDs 1127 during the fusing process 1s
mimmized. The fusing operation occurs at approximately
800 degrees C. and the temperature of the LED array and
LEDs must typically be maintained below 325 degrees C.
Depending upon the type of LED and its construction in
some embodiments the temperature of the LED array and
LEDs must be maintained below 300 degrees C., 275
degrees C., 250 degrees C., 235 degrees C., and 215 degrees
C. The tlme of exposure of the heat must also be controlled
depending upon the retflow characteristics of the solder and
the LED assembly specifications. The overall cycle time of
the fusing operation i1s approximately 15 seconds to 45
seconds 1n duration, with the glass 1n the molten stage for 5
to 15 seconds. Prior to the molten stage the glass to be fused
1s preheated so that residual stress 1s not incorporated nto
the assembly. The thermal resistance of the electrical path 1s
selected so as to not cause overtemperature for the duration
of the heating process such that the long-term operation of
the LEDs and/or the bonds to the submount are not
degraded. The temperature at the LEDs should be main-
tained at least below the temperature and time period where
the LED remains bonded to the submount and/or does not
tall apart or degrade. Depending on the particular LEDs and
bonding materials, these temperatures may vary. Addition-
ally, these temperatures may change depending on the time
duration of the exposure to the elevated temperatures.

The mventors of the present mnvention have determined
that during the fusing operation the transfer of heat to the
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LEDs results primarily from heat conduction through the
wires 1150 rather than heat convection through the ambient
environment. The inventors have concluded that by increas-
ing the thermal resistance through the wires 1150 and/or by
increasing the thermal resistance of the electrical path from
the connection point of the wires 1150 to the LED assembly
1130 and the LEDs 1127, the heat transfer to the LEDs
during the fusing operation may be maintained below over-
temperature levels. Increasing the thermal resistance of the
wires 1150 may be accomplished using a variety of tech-
niques. In one embodiment the thermal resistance of the
wires 1s increased by increasing the length of the wires. The
wire length may be increased by simply making the wires
1150 longer as shown in FIG. 17 such that the distance
between the connection point A of the wires 1150 to the
LEDs 1127 and the point on the stem part 1131 where the
heat 1s applied 1s great enough that overtemperature does not
occur. The wire length may also be increased by adding
length to the wires without increasing the distance between
these points. For example, as shown in FIG. 18 the wires
1150 may be formed with a zigzag pattern. Similarly, the
wires 1150 may be formed as a helix or coil as shown 1n FIG.
19. The wires 1150 may be formed with a torturous, circu-
itous or random pattern as shown 1n FIG. 20. The wires 1150
may be formed with a combination of such shapes. In these
embodiments, the path of the wires, and therefore the
thermal resistance, may be increased without increasing the
overall distance between the point of application of the heat
and the connection point A between the wires 1150 and the
LED assembly 1130.
Thermal resistance of the wires may also be increased by
making the cross-sectional area of the wires thin enough that
the heat does not cause an overtemperature. The thermal
resistance of the wires may also be increased by a combi-
nation of making the cross-sectional area of the wires
thinner and increasing the length of the wire path.
Another technique for increasing the thermal resistance of
the electrical path between the heat source during the fusing
operation and the LEDs 1127 1s to connect the wires to an
clectrically conductive element that 1s remote from LEDs
1127 as shown in FIGS. 21 and 38 through 40. In these
embodiments the length of wires 1150 may be relatively
short but the electrical connection with the LEDs 1127 1s
made though an electrically conductive portion of the LED
assembly 1130. In such an embodiment the length of the
thermal path between the LEDs and the heat source 1s
increased to thereby increase 1ts thermal resistance without
increasing the length of the wires 1150. This technique may
be used 1n combination with making the cross-sectional area
of the wires thinner and/or increasing the length of the wires
1150. FIG. 21 shows an embodiment where a heat sink
structure comprises a plurality of extending fins where the
clectrical connection between the wires 1150 and the LEDs
1127 1s made through selected ones of the fins 1161. In the
embodiment of FIG. 38 the heat sink structure 1160 com-
prises a zigzag or helical shape where the electrical connec-
tion between wires 1150 and the LEDs 1127 1s made through
the length of these components. In the embodiment of FIG.
39 a heat sink structure comprising fins 1141 1s provided 1n
addition to a zigzag or helical shape connector 1161 where
the electrical connection between wires 1150 and the LEDs
1127 1s made through the length of connectors 1161. Con-
nectors 1161 may also function as a heat sink. In the
embodiment of FIG. 40 the submount 1129 has a helical or
serpentine path where the LEDs 1127 are mounted along the
length of the submount. The wires 1150 are connected to the
submount 1129 at positions remote from the LEDs 1127
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such that the thermal resistance of the path between the point
of application and the LEDs 1s raised to acceptable limits. In
all of these embodiments the wires 1150 may be provided
with additional length to further increase the thermal resis-
tance of the electrical connection.

Referring to FIG. 15, after the flange 1132 of stem part
1131 1s fused to the enclosure 1112, gas such as helium,
hydrogen or a non-explosive mixture of helium and hydro-
gen, or other thermal gas may be introduced into the
enclosure through the passage 1126 and holes 1142. Typi-
cally, the enclosure 1112 1s evacuated using mitrogen before
the thermal gas 1s introduced. The gas may be introduced at
pressures as previously described. After filling the enclosure
with the thermal gas, the stem part portion 1131b 1s fused to
close passage 1126 and seal the gas in the enclosure 1112 as
shown 1n FIG. 16. The fusing of the stem removes the excess
length of the stem part 1131 (portion 1131b) such that the
neck 1115 may be secured to base 1102. The sealed enclo-
sure 1112 1s then attached to the base 1102 with the wires
1150 being connected to the electric path.

The steps described herein may be performed in an
automated assembly line having rotary tables or other con-
veyances for moving the components between assembly
stations.

While specific reference has been made with respect to an
A-series lamp with an Edison base 1102 the structure and
assembly method may be used on other lamps such as a
PAR-style lamp such as a replacement for a PAR-38 incan-
descent bulb or a BR-style lamp. Moreover, while the use of
a thermally conductive gas in the enclosure has been found
to adequately manage heat, additional heat sinks may be
provided 1f desired. For example heat conductive elements
may be formed in or adjacent to the glass stem 1120 to
conduct heat from the LEDs 1127 to the base 1102 where the
heat may be dissipated by the base or an associated heat sink.

An embodiment of the LED assembly 1130 will be
described with reference to FIGS. 22 through 30. In some
embodiments, the submount 1129 of the LED assembly
1130 comprises a lead frame 1200 made of an electrically
conductive material such as copper, copper alloy, aluminum,
steel, gold, silver, alloys of such metals, thermally conduc-
tive plastic or the like. In one embodiment, the exposed
surfaces of lead frame 1200 may be coated with silver or
other reflective material to reflect light inside of enclosure
1112 during operation of the lamp. The lead frame 1200
comprises a series ol anodes 1201 and cathodes 1202
arranged 1n pairs for connection to the LEDs 1127. In the
illustrated embodiment five pairs of anodes and cathodes are
shown for an LED assembly having five LEDs 1127; how-
ever, a greater or fewer number of anode/cathode pairs and
LEDs may be used. Moreover, more than one lead frame
may be used to make a single LED assembly 1130. For
example, two of the i1llustrated lead frames may be used to
make an LED assembly 1130 having ten LEDs.

Connectors 1203 connect the anode 1201 from one pair to
the cathode 1202 of the adjacent pair to provide the electrical
path between the pairs during operation of the LED assem-
bly 1130. Typically, tie bars 1205 are also provided in the
lead frame 1200 to hold the first portion of the lead frame to
the second portion of the lead frame and to maintain the
structural integrity of the lead frame during manufacture of
the LED assembly. The tie bars 1205 are cut from the
fintshed LED assembly and perform no function during
operation of the LED assembly 1130. The lead frame 1200
also comprises a heat sink structure 1149 such as fins 1141
that are connected to the anodes 1201 and cathodes 1202 to
conduct heat away from the LEDs and transtfer the heat to

10

15

20

25

30

35

40

45

50

55

60

65

28

the thermal gas 1n enclosure 1112 where the heat may be
dissipated from the lamp. While a specific embodiment of
fins 1141 1s shown, the heat sink structure 1149 may have a
variety of shapes, sizes and configurations. The lead frame
1200 may be formed by a stamping process and a plurality
of lead frames may be formed 1n a single strip or sheet or the
lead frames may be formed independently. In one method,
the lead frame 1200 1s formed as a flat member and 1s bent
into a suitable three-dimensional shape such as a cylinder,
sphere, polyhedra or the like to form LED assembly 1130.
Because the lead frame 1200 1s made of thin bendable
material, and the anodes 1201 and cathodes 1202 may be
positioned on the lead frame 1200 in a wide variety of
locations, and the number of LEDs may vary, the lead frame
1200 may be configured such that 1t may be bent into a wide
variety of shapes and configurations.

Referring to FI1G. 23, an LED package 1210 containing at
least one LED 1127 1s secured to each anode and cathode
pair where the LED package 1210 spans the anode 1201 and
cathode 1202. The LED packages 1210 may be attached to
the lead frame 1200 by soldering. Once the LED packages
1210 are attached, the tie bars 1205 may be removed
because the LED packages 1210 hold the first portion of the
lead frame to the second portion of the lead frame.

In some embodiments, the LED packages 1210 may not
hold the lead frame 1200 together with suflicient structural
integrity. In some embodiments separate supports 1211 may
be provided to hold the lead frame 1200 together as shown
in F1G. 24. The supports 1211 may comprise non-conductive
matenal attached between the anode and cathode pairs to
secure the lead frame together. The supports 1211 may
comprise 1nsert molded or injection molded plastic members
that tie the anodes 1201 and cathodes 1202 together. The
lead frame 1200 may be provided with areas 1212 that
receive the supports 1211 to provide holds that may be
engaged by the supports. For example, the areas 1212 may
comprise notches or through holes that receive the plastic
flow during a molding operation. The supports 1211 may
also be molded or otherwise formed separately from the lead
frame 1200 and attached to the lead frame in a separate

assembly operation such as by using a snap-fit connection,
adhesive, fasteners, a {friction fit, a mechanical connection or
the like.

The LED packages 1210 may be secured to the lead frame
1200 before or after the supports 1211 are attached. While 1n
the illustrated embodiments the supports 1211 are connected
between the anodes 1201 and cathodes 1202 the supports
1211 may connect between other components such as por-
tions of the heat sink structure 1149. The supports 1211 may
be made of polyphthalamide white reflective plastic such as
AMODEL® manufactured by Solvay Plastics. The material
of the supports 1211 may preferably have the same coetli-
cient of thermal expansion as the LED substrate of LED
packages 1210 such that the LED packages and supports
1211 expand and contract at the same rate to prevent stresses
from being created between the components. This may be
accomplished using a liquid crystal polymer to make the

supports 1211 with the desired engineered parameters
The lead frame 1200 may be bent or folded such that the

LEDs 1127 provide the desired light pattern 1in lamp 1000.
In one embodiment the lead frame 1200 1s bent into a
cylindrical shape as shown, for example, in FIG. 25. The
LEDs 1127 are disposed about the axis of the cylinder such
that light 1s projected outward. The lead frame of FIG. 24
may be bent at connectors 1203 to form the three dimen-
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sional LED assembly shown 1n FIG. 25. The LEDs 1127 are
arranged around the perimeter of the cylinder to project light
radially.

Because the lead frame 1200 1s pliable and the LED
placement on the lead frame may be varied, the lead frame

may be formed and bent into a variety of configurations.
FIG. 26 shows the lead frame 1200 such as used to make the

LED assembly of FIG. 25 bent such that one of the LEDs
(not shown) 1s angled toward the bottom of the LED
assembly and another of the LEDs 1127' 1s angled toward the
top of the LED assembly 1130 with the remaining LEDs
projecting light radially from the cylindrical LED assembly.
LEDs typically project light over less than 180 degrees such
that tilting selected ones of the LEDs ensures that a portion
of the light 1s projected toward the bottom and top of the
lamp. Some LEDs project light through an angle of 120
degrees. By angling selected ones of the LEDs approxi-
mately 30 degrees relative to the axis of the LED assembly
1130 the light projected from the cylindrical array waill
project light over 360 degrees. The angles of the LEDs and
the number of LEDs may be varied to create a desired light
pattern. For example, FIG. 27 shows an embodiment of a
three tiered LED assembly where each tier 1230, 1231 and
1232 comprises a series ol a plurality of LEDs 1127
arranged around the perimeter of the cylinder. FIG. 28
shows an embodiment of a three tiered LED assembly where
cach tier 1230, 1231 and 1232 comprises a series of a
plurality of LEDs 1127 arranged around the perimeter of the
cylinder. Selected ones of the LEDs 1127a, 1127b are angled
with respect to the LED array to project a portion of the light
along the axis of the cylindrical LED assembly toward the
top and bottom of the LED assembly. FIG. 29 shows an
embodiment of an LED assembly shaped 1nto a polyhedron
with the heat sink structure removed for clanty. FIG. 30
shows an embodiment of the LED array arranged as a double
helix with two series of LED packages each arranged in
series to form a helix shape. In the embodiments of FIGS. 25
through 28 the lead frame 1s formed to have a generally
cylindrical shape; however, the lead frame may be bent into
a variety of shapes. FIG. 41 shows an end view of an LED
assembly 1130 bent to have a generally cylindrical shape
similar to that of FIG. 25. FIG. 42 shows an end view of a
LED assembly 1130 bent to have a generally triangular
shape and FIG. 43 shows an end view of a LED assembly
1130 bent to have a generally hexagonal shape. The LED
assembly 1130 may have any suitable shape and the lead
frame 1300 may be bent into any suitable shape including

any polygonal shape or even more complex shapes such as
shown 1n FIG. 29.

Another embodiment of a lead frame 1s shown 1 FIGS.
61 through 64. The lead frame 1500 may be made of an
clectrically conductive material such as copper, copper
alloy, nickel plated copper, aluminum, steel, gold, silver,
alloys of such metals, thermally conductive plastic or the
like. In one embodiment, the exposed surfaces of lead frame
1500 may be coated with silver or other reflective material
to reflect light inside of enclosure 1112 during operation of
the lamp. The lead frame 1500 comprises a series of anodes
1501 and cathodes 1502 arranged 1n pairs for connection to
the LEDs 1127. The mounting areas for the LEDs are
identified by the squares 1503. The LEDs are not shown 1n
FIGS. 61 through 64 to more clearly illustrate the configu-
ration of the lead frame. In the illustrated embodiment ten
pairs of anodes and cathodes are shown each arranged to be
connected to two LEDs such that the illustrated lead frame
1s for an LED assembly having 20 LEDs 1127; however, a

greater or fewer number of anode/cathode pairs and LEDs
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may be used. Moreover, more than one lead frame may be
used to make a single LED assembly 1130. For example, two
of the illustrated lead frames may be used to make an LED
assembly 1130 having forty LEDs.

The anodes 1501 are connected to the cathodes 1502 by
the LEDs to provide the electrical path between the pairs
during operation of the LED assembly 1130. Typically, tie
bars 1505 are also provided in the lead frame 1500 to hold
the portions of the lead frame together and to maintain the
structural integrity of the lead frame during manufacture of
the LED assembly. The tie bars 1505 are cut from the
finmished LED assembly and perform no function during
operation of the LED assembly 1130. The tie bars may be
located at other locations and a greater or fewer number of
tie bars may be used.

The lead frame 1500 also comprises a heat sink structure
1549 such as fins 1541 that are connected to the anodes 1501
and cathodes 1502 to conduct heat away from the LEDs and
transier the heat to the thermal gas i enclosure 1112 where
the heat may be dissipated from the lamp. While a specific
embodiment of fins 1541 1s shown, the heat sink structure
1549 may have a variety of shapes, sizes and configurations.
The lead frame 1500 may be formed by a stamping process
and a plurality of lead frames may be formed in a single strip
or sheet or the lead frames may be formed independently. In
one method, the lead frame 1500 1s formed as a flat member
and 1s bent 1nto a suitable three-dimensional shape such as
a cylinder, sphere, polyhedra or the like to form LED
assembly 1130. Because the lead frame 1500 1s made of thin
bendable material, and the anodes 1501 and cathodes 1502
may be positioned on the lead frame 1500 1n a wide variety
of locations, and the number of LEDs may vary, the lead
frame 1500 may be configured such that it may be bent into
a wide variety of shapes and configurations. In one embodi-
ment the lead frame 1s approximately 10-12 thousandths of
an inch thick.

An LED package containing at least one LED 1127 1S
secured to each anode and cathode pair where the LED
package spans the anode 1501 and cathode 1502. The LED
packages are located 1n the squares 1503. The LED packages
may be attached to the lead frame 1500 by soldering. Once
the LED packages are attached, the tie bars 1505 may be
removed because the LED packages 1510 hold the portions
of the lead frame together.

Referring to FIGS. 62 and 63, in some embodiments,
separate stifleners or supports 1511 may be provided to hold
the lead frame 1500 together. The supports 1511 may
comprise non-conductive material attached between the
anode and cathode pairs to secure the lead frame together.
The supports 1511 may comprise insert molded or 1injection
molded plastic members that tie the anodes 1501 and
cathodes 1502 together. The lead frame 1500 may be pro-
vided with pierced areas 1512 that receive the supports 1511
to provide holds that may be engaged by the supports as
shown 1n FIG. 61. For example, the areas 1512 may com-
prise through holes that receive the plastic flow during a
molding operation. The supports 1511 may also be molded
or otherwise formed separately from the lead frame 1200
and attached to the lead frame in a separate assembly
operation such as by using a snap-fit connection, adhesive,
fasteners, a friction fit, a mechanical connection or the like.

The plastic matenial extends through the pierced areas
1212 to both sides of the lead frame 1200 such that the
plastic material bridges the components of the lead from to
hold the components of the lead frame together after the tie
bars 1205 are cut. The supports 1211 on the outer side of the
lead frame 1200 (the term “outer” as used herein is the side
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of the lead frame to which the LEDs are attached) comprises
a minimum amount of plastic material such that the outer
surface of the lead frame 1s largely unobstructed by the
plastic matenal (FIG. 62). The plastic material should avoid
the mounting areas 1503 for the LEDs such that the LEDs
have an unobstructed area at which the LEDs may be
attached to the lead frame. On the inner side of the lead
frame (the term “inner” as used herein 1s the side of the lead
frame opposite the side to which the LEDs are attached) the
application of the plastic material may mirror the size and
shape of the supports on the outer side; however, the
supports on the inner side does need to be as limited such
that the supports 1211 may comprise larger plastic areas and
a greater area of the lead frame may be covered (FIG. 63).

Further, referring to FIG. 62 a first plastic overhang 1513
may be provided on a first lateral edge 1514 of the lead
frame and a second plastic overhang 1513 1s provided on a
second lateral edge 1516 of the lead frame. Because, in one
embodiment the flat lead frame 1500 1s bent to form a
three-dimensional LED assembly, it may be necessary to
clectrically 1solate the two ends of the lead frame 1500 from
one another 1n the assembled LED assembly where the two
ends have different potentials. In the 1llustrated embodiment,
the lead frame 1500 1s bent to form a cylindrical LED
assembly where the lateral edges 1514 and 1516 of the lead
frame are brought 1n close proximity relative to one another.
The plastic overhangs 1513 and 1515 are arranged such that
the two edges of the lead frame are physically separated and
clectrically 1nsulated from one another by the overhangs. In
the 1llustrated embodiment, the overhangs 1513 and 1515
are provided along a portion of the two edges 1514 and 1516
of the lead frame; however, the plastic insulating overhangs
may extend over the entire side edges of the lead frame and
the length and thickness of the overhangs depends upon the
amount of isulation required for the particular application.

In addition to electrically insulating the edges of the lead
frame, the plastic overhangs 1513 and 1515 may be used to
join the edges 1514 and 1516 of the lead frame 1500
together 1n the three dimensional LED assembly. One of the

overhangs may be provided with a first connector or con-
nectors 1517 that mates with a second connector or connec-
tors 1519 provided on the second overhang. The first con-
nectors may comprise a male or female member and the
second connectors may comprise a mating female or male
member. Because the overhangs are made of plastic the
connectors may comprise deformable members that create a
snap-fit connection. The mating connectors formed on the
first overhang 1513 and second overhang 1515 may be
engaged with one another to hold the lead frame 1n the final
configuration.

The LED packages 1210 may be secured to the lead frame
1500 before or after the supports 1511 are attached. While 1n
the 1llustrated embodiments the supports 1511 are connected
between the anodes 1501 and cathodes 1502 the supports
1511 may be connected between other components such as
portions of the heat sink structure 1149. The supports 1511
may be made of polyphthalamide white reflective plastic
such as AMODEL® manufactured by Solvay Plastics. The
material of the supports 1511 may preferably have the same
coellicient of thermal expansion as the LED substrate of
LED packages 1210 such that the LED packages and
supports 1511 expand and contract at the same rate to
prevent stresses Irom being created between the compo-
nents. This may be accomplished using a liquid crystal
polymer to make the supports 1511 with the desired engi-
neered parameters
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The lead frame 1500 may be bent or folded such that the
LEDs 1127 provide the desired light pattern in lamp 1000.
In one embodiment the lead frame 1500 1s bent mto a
cylindrical shape as shown in FIG. 64. The LEDs 1127 are
disposed about the axis of the cylinder such that light i1s
projected outward.

Another alternate embodiment of LED assembly 1130 1s
shown 1n FIGS. 31 through 36. In this embodiment and 1n
the embodiment of FIGS. 50 and 51 the submount comprises
a metal core board 1300 such as a metal core printed circuit
board (MCPCB). The metal core board comprises a ther-
mally and electrically conductive core 1301 made of alu-
minum or other similar pliable metal material. The core
1301 1s covered by a dielectric maternial 1302 such as
polyimide. Metal core boards allow traces to be formed
therein. In one method, the core board 1300 1s formed as a
flat member and 1s bent into a suitable shape such as a
cylinder, sphere, polyhedra or the like. Because the core
board 1300 1s made of thin bendable material and the
anodes, and cathodes may be positioned 1n a wide variety of
locations, and the number of LED packages may vary, the
lead frame may be configured such that 1t may be bent into
a wide variety of shapes and configurations.

In one embodiment the core board 1300 1s formed as a flat
member having a central band 1304 on which the LED
packages 1310 containing LEDs 1127 are mounted as shown
in FIG. 31. A heat sink structure 1349 such as a plurality of
fins 1341 or other heat dissipating elements extend from the
central band. The central band 1304 1s divided 1nto sections
by thinned areas or score lines 1351. The LED packages
1310 are located on the sections such that the core board
1300 may be bent along the score lines 1351 to form the
planar core board 1nto a variety of three-dimensional shapes
where the shape 1s selected to project a desired light pattern
from the lamp 1000. In the illustrated embodiment, a fin
extends Irom each side of the sections such that the sections
may be bent relative to one another along the score lines
1351 to create a cylindrical LED assembly as shown 1n FIG.
32. Moreover, the LEDs or selected ones of the LEDS 1127',
1127" may be located on portions 13135 of the metal core
board 1300 that are bent such that the light 1s projected more
axially as shown 1n FIG. 33. The LEDs 1127 may be placed
on the core board 1300 to form a helix or other pattern as
shown 1n FIG. 34. FIG. 35 shows an embodiment of a three
tiered LED assembly where each tier 1330, 1331 and 1332
comprises a series of LEDs 1127. FIG. 36 shows a three
tiered system where selected ones of the LEDs 1127, 1127"
are mounted on sections 1317 of the core board 1317 that are
angled with respect to the LED array to project a portion of
the light along the axis of the LED assembly. In the
embodiments of FIGS. 32 through 36 the core board 1300 1s
formed to have a generally cylindrical shape; however, the
core board may be bent into a variety of shapes. FIG. 41
shows an end view of an LED assembly 1130 bent to have
a generally cylindrical shape similar to that of FIG. 32. FIG.
42 shows an end view of a LED assembly 1130 bent to have
a generally triangular shape and FIG. 43 shows an end view
of a LED assembly 1130 bent to have a generally hexagonal
shape. The LED assembly 1130 may have any suitable shape
and the core board 1300 may be bent into any suitable shape
including any polygonal shape or even more complex
shapes.

Referring to FIGS. 44 through 47 alternate embodiments
of the LED assembly 1s shown. In some embodiments, the
LED assembly 1130 comprises a hybrid of a metal core
board 1300 on which the LED packages 1310 containing
LEDs 1127 are mounted where the metal core board 1300
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may be thermally and/or electrically coupled to a lead frame
structure 1200. The lead frame 1200 forms the heat sink
structure or spreaders 1149 that are attached to the back side
of the metal core printed circuit board 1300. Both the lead
frame 1200 and the metal core board 1300 may be bent into
the various configurations discussed herein. The metal core
board 1300 may be provided with score lines or reduced
thickness areas 1351 as previously described with reference
to FIG. 31 to facilitate the bending of the core board. In one
example embodiment, FIG. 44 shows the LED assembly
bent 1nto a generally cylindrical shape. In another example
embodiment, FIG. 45 shows the LED assembly bent into a
generally cylindrical shape where at least some of the LEDs
1127' are mounted so as to project light along the axis of the
cylinder. In another example embodiment, FIG. 46 shows
the LED assembly bent into a generally cylindrical shape
where three tiers 1230, 1231 and 1232 of core boards 1300
and LEDs 1127 are used. In another example embodiment,
FIG. 47 shows the LED assembly bent into a generally
cylindrical shape where three tiers 1230, 1231 and 1232 of
core boards 1300 and LEDs 1127 are used and at least some
of the LEDs 1127a and 1127b are mounted so as to project
light along the axis of the cylinder. In addition to this hybrid
version, the LED assembly may also comprise a PCB made
with FR4 and thermal vias rather than the metal core board
where the thermal vias are then connected to lead frame

based heat spreaders. In such embodiments arrangement the
LED assembly may be formed as shown in FIGS. 44 through

47.

Another embodiment of LED assembly 1130 1s shown 1n
FIG. 37. LED assembly 1130 comprises an extruded sub-
mount 1400 which may be formed of aluminum or copper or
other similar material. A flex circuit or board 1401 1is
mounted on the extruded submount that supports LEDs
1127. A plurality of heat sinks such as fins 1441 are extruded
with the submount 1400 and may be located inside of the
submount. The extruded submount may comprise a variety
of shapes such as illustrated in FIGS. 41 through 43 and the
heat sinks such as fins 1441 may have any suitable shape and
may be located on the outside surface of the submount. A gas
movement device 1116 may be located 1n the interior of the
submount 1400 to move the gas over the fins 1300.

The LED assembly, whether made of a lead frame sub-
mount, metal core board submount, or a hybrid combination
of metal core board/lead frame or a PCB made with FR4/
lead frame may be formed to have any of the configurations
shown herein or other suitable three-dimensional geometric
shape. The LED assembly may be advantageously bent into
any suitable three-dimensional shape. A “three-dimen-
sional” LED assembly as used herein and as shown in the
drawings means an LED assembly where the substrate
comprises mounting surfaces for diflerent ones of the LEDs
that are 1n different planes such that the LEDs mounted on
those mounting surfaces are also oriented in diflerent planes.
In some embodiments the planes are arranged such that the
LEDs are disposed over a 360 degree range. The substrate
may be bent from a flat configuration, where all of the LEDs
are mounted in a single plane on a generally planar member,
into a three-dimensional shape where diflerent ones of the
LEDs and LED mounting surfaces are in different planes.

As previously mentioned, at least some embodiments of
the invention make use of a submount on which LED
devices are mounted. In some embodiments, power supply
or other LED driver components can also be mounted on the
submount. A submount 1n example embodiments 1s a solid
structure, which can be transparent, semi-transparent, difiu-
sively transparent or translucent. A submount with any of
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these optical properties or any similar optical property can
be referred to herein as optically transmissive. Such a
submount may be a paddle shaped form, with two sides for
mounting LEDs. I the submount 1s optically transmissive,
light from each LED can shine in all directions, since 1t can
pass through the submount. A submount for use with
embodiments of the invention may have multiple mounting
surfaces created by using multiple paddle or alternatively
shaped portions together. Notwithstanding the number of
portions or mounting surfaces for LEDs, the entire assembly
for mounting the LEDs may be referred to herein as a
submount. An optically transmissive submount may be
made from a ceramic material, such as alumina, or may be
made from some other optically transmissive material such
as sapphire. Many other materials may be used.

An LED array and submount as described herein can be
used 1n solid-state lamps making use of thermic constituents
other than a gas. A thermic constituent 1s any substance,
material, structure or combination thereof that serves to cool
an LED, an LED array, a power supply or any combination
of these 1 a solid-state lamp. For example, an optically
transmissive substrate with LEDs as described herein could
be cooled by a traditional heatsink made of various mate-
rials, or such an arrangement could be liquid cooled. As
examples, a liquid used 1n some embodiments of the inven-
tion can be oi1l. The o1l can be petroleum-based, such as
mineral oil, or can be organic 1n nature, such as vegetable
oi1l. The liguid may also be a perfluorninated polyether
(PFPE) liquid, or other fluorinated or halogenated liquid. An
appropriate propylene carbonate liquid having at least some
of the above-discussed properties might also be used. Suit-
able PFPE-based liquids are commercially available, for
example, from Solvay Solexis S.p.A of Italy. Flourinert™
manufactured by the 3M Company in St. Paul, Minn.,
U.S.A. can be used as coolant.

As previously mentioned, the submount 1n a lamp accord-
ing to embodiments of the invention can optionally include
the power supply or driver or some components for the
power supply or driver for the LED array. In some embodi-
ments, the LEDs can actually be powered by AC. Various
methods and techniques can be used to increase the capacity
and decrease the size of a power supply 1n order to allow the
power supply for an LED lamp to be manufactured more
cost-ellectively, and/or to take up less space 1n order to be
able to be built on a submount. For example, multiple LED
chips used together can be configured to be powered with a
relatively high voltage. Additionally, energy storage meth-
ods can be used in the driver design. For example, current
from a current source can be coupled 1n series with the
LEDs, a current control circuit and a capacitor to provide
energy storage. A voltage control circuit can also be used. A
current source circuit can be used together with a current
limiter circuit configured to limit a current through the LEDs
to less than the current produced by the current source
circuit. In the latter case, the power supply can also include
a rectifier circuit having an iput coupled to an nput of the
current source circuit.

Some embodiments of the mnvention can include a mul-
tiple LED sets coupled in series. The power supply 1n such
an embodiment can include a plurality of current diversion
circuits, respective ones of which are coupled to respective
nodes of the LED sets and configured to operate responsive
to bias state transitions of respective ones of the LED sets.
In some embodiments, a first one of the current diversion
circuits 1s configured to conduct current via a first one of the
LED sets and 1s configured to be turned ofl responsive to
current through a second one of the LED sets. The first one
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of the current diversion circuits may be configured to
conduct current responsive to a forward biasing of the first
one of the LED sets and the second one of the current
diversion circuit may be configured to conduct current
responsive to a forward biasing of the second one of the
LED sets.

In some of the embodiments described 1mmediately
above, the first one of the current diversion circuits 1s
configured to turn off 1n response to a voltage at a node. For
example a resistor may be coupled 1n series with the sets and
the first one of the current diversion circuits may be con-
figured to turn off in response to a voltage at a terminal of
the resistor. In some embodiments, for example, the first one
of the current diversion circuits may include a bipolar
transistor providing a controllable current path between a
node and a terminal of a power supply, and current through
the resistor may vary an emitter bias of the bipolar transistor.
In some such embodiments, each of the current diversion
circuits may include a transistor providing a controllable
current path between a node of the sets and a terminal of a
power supply and a turn-ofl circuit coupled to a node and to
a control terminal of the transistor and configured to control
the current path responsive to a control mput. A current
through one of the LED sets may provide the control input.
The transistor may include a bipolar transistor and the
turn-oil circuit may be configured to vary a base current of
the bipolar transistor responsive to the control 1nput.

It cannot be overemphasized that with respect to the
features described above with various example embodi-
ments of a lamp, the features can be combined 1n various
ways. For example, the various methods of including phos-
phor 1n the lamp can be combined and any of those methods
can be combined with the use of various types of LED
arrangements such as bare die vs. encapsulated or packaged
LED devices. The embodiments shown herein are examples
only, shown and described to be illustrative of various
design options for a lamp with an LED array.

LEDs and/or LED packages used with an embodiment of
the invention and can include light emitting diode chips that
emit hues of light that, when mixed, are perceived 1in
combination as white light. Phosphors can be used as
described to add yet other colors of light by wavelength
conversion. For example, blue or violet LEDs can be used 1n
the LED assembly of the lamp and the approprate phosphor
can be 1 any of the ways mentioned above. LED devices
can be used with phosphorized coatings packaged locally
with the LEDs or with a phosphor coating the LED die as
previously described. For example, blue-shifted vyellow
(BSY) LED devices, which typically include a local phos-
phor, can be used with a red phosphor on or 1n the optically
transmissive enclosure or mner envelope to create substan-
tially white light, or combined with red emitting LED
devices 1n the array to create substantially white light. Such
embodiments can produce light with a CRI of at least 70, at
least 80, at least 90, or at least 95. By use of the term
substantially white light, one could be referring to a chro-
macity diagram including a blackbody locus of points,
where the point for the source falls within four, six or ten
MacAdam ellipses of any point in the blackbody locus of
points.

A lighting system using the combination of BSY and red
LED devices referred to above to make substantially white
light can be referred to as a BSY plus red or “BSY+R”
system. In such a system, the LED devices used include
LEDs operable to emit light of two diflerent colors. In one
example embodiment, the LED devices include a group of
LEDs, wherein each LED, 1f and when illuminated, emits
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light having dominant wavelength from 440 to 480 nm. The
LED devices include another group of LEDs, wherein each
LED, if and when illuminated, emits light having a dominant
wavelength from 605 to 630 nm. A phosphor can be used
that, when excited, emits light having a dominant wave-
length from 560 to 580 nm, so as to form a blue-shifted-
yellow light with light from the former LED devices. In
another example embodiment, one group of LEDs emits
light having a dominant wavelength of from 435 to 490 nm
and the other group emits light having a dominant wave-
length of from 600 to 640 nm. The phosphor, when excited,
emits light having a dominant wavelength of from 540 to
585 nm. A further detailed example of using groups of LEDs
emitting light of diflerent wavelengths to produce substan-
tially while light can be found in i1ssued U.S. Pat. No.
7,213,940, which 1s incorporated herein by reference.

FIGS. 4 and 5 are top views illustrating, comparing and
contrasting two example submounts that can be used with
embodiments of the mvention. FIG. 4 15 a top view of the
LED lamp 100 of FIG. 1. LEDs 104, which are die encap-
sulated along with a phosphor to provide local wavelength
conversion, are visible in this view, while other LEDs are
obscured. The light transmissive submount portions 106 and
108 are also visible. Power supply or other driver compo-
nents 110 are schematically shown on the bottom portion of
the submount. As previously mentioned, enclosure 112 1s, in
some embodiments, a glass enclosure of similar shape to that
commonly used 1n household incandescent bulbs. The glass
enclosure 1s coated on the 1nside with silica 113 to provide
diffusion, umiformity of the light pattern, and a more tradi-
tional appearance to the lamp. The enclosure 1s shown
cross-sectioned so that the submount i1s visible, and the
inside of the base of the lamp 102 1s also visible 1n this top
VIEW.

FIG. 5 1s a top view of another submount and LED array
that can be used 1n a lamp according to example embodi-
ments of the invention. Submount 500 has three i1dentical
portions 504 spaced evenly and symmetrically about a
center point. Each has two LED devices, one of which 1s
visible. LED devices 520 are individually encapsulated,
cach 1n a package with 1ts own lens. In some embodiments,
at least one of these devices 1s encapsulated with a phosphor
by coating the lens of the LED package with a phosphor.
With packaged LEDs like those shown, light 1s not normally
emitted from the bottom of the package. Therefore there 1s
less benefit 1n making the submount from optically trans-
missive material 1f packaged LEDs are used. Nevertheless,
if the inside of the lamp or fixture includes reflective
clements, it may still be desirable to use optically transmis-
sive submounts to allow reflected light to pass through the
submounts to produce a desired lighting pattern.

FIGS. 6A and 6B are a side view and a top view,
respectively, 1llustrating an example submount that can be
used with embodiments of the invention. LEDs 604 are dies
which may be covered with a silicone or similar encapsulant
(not shown) which may include a phosphor (not shown). The
submount 1n this case 1s a wire {frame structure 610 with
“finger” portions 620 that provide additional coupling
between the submount and gas withuin the optical enclosure
or envelope of a lamp. In this and other examples where
coupling mechanisms are used, the gas and the coupling
mechanism together might be considered the thermic con-
stituent for the lamp.

FIGS. 7A and 7B are a side view and a top view,
respectively, illustrating another example submount that can
be used with embodiments of the mvention. LEDs 704 are
dies which may be covered with a silicone or similar
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encapsulant (not shown) which may include a phosphor (not
shown). The submount 1n this case 1s a printed circuit board
structure 710 with “finger” portions 720 that provide addi-
tional coupling between the submount and gas within the
optical enclosure or envelope of a lamp.

FIG. 8 1s a side view, 1illustrating another example sub-
mount that can be used with embodiments of the invention.
The LEDs 1n this case are arranged 1n two rows, which can
optionally provide for combinations of different types of
emitters. For example, LEDs 804 can which may be covered
with a silicone or similar encapsulant (not shown) which
may include a phosphor (not shown) to provide local wave-
length conversion and LEDs 805 might have no such
phosphor. The submount in this case 1s a printed circuit
board structure 810 with metal fingers 820 attached to
provide additional coupling between the submount and gas
within the optical enclosure or envelope of a lamp.

FIG. 9 1s a side view, illustrating another example sub-
mount that can be used with embodiments of the invention.
The LEDs are again arranged in two rows, which can
optionally provide for combinations of different types of
emitters. For example, LEDs 904 can which may be covered
with a silicone or similar encapsulant (not shown) which
may include a phosphor (not shown) to provide local wave-
length conversion and LEDs 905 might have no such
phosphor. The submount in this case 1s a wire frame struc-
ture 910 with metal fingers 920 to provide coupling between
the submount and gas within the optical enclosure or enve-
lope of a lamp.

The various parts of an LED lamp according to example
embodiments of the invention can be made of any of various
materials. A lamp according to embodiments of the inven-
tion can be assembled using varied fastening methods and
mechanisms for interconnecting the various parts. For
example, 1n some embodiments locking tabs and holes can
be used. In some embodiments, combinations of fasteners
such as tabs, latches or other suitable fastening arrangements
and combinations of fasteners can be used which would not
require adhesives or screws. In other embodiments, adhe-
s1ves, solder, brazing, screws, bolts, or other fasteners may
be used to fasten together the various components.

Although specific embodiments have been illustrated and
described herein, those of ordinary skill 1n the art appreciate
that any arrangement, which 1s calculated to achieve the
same purpose, may be substituted for the specific embodi-
ments shown and that the invention has other applications in
other environments. This application 1s mtended to cover
any adaptations or variations of the present invention. The
following claims are 1n no way intended to limit the scope
of the mnvention to the specific embodiments described
herein.

The 1nvention claimed 1s:

1. A lamp comprising:

an optically transmissive enclosure connected to a base to

define an interior space;

an LED array disposed in the optically transmissive

enclosure operable to emit light when energized
through an electrical connection;

a gas contained in the enclosure to provide thermal

coupling to the LED array; and

a heat sink structure thermally coupled to the LED array

for transmaitting heat from the LED array to the enclo-
sure primarily through the gas, wherein the heat sink
structure 1s positioned entirely inside of the enclosure
and is spaced from the base such that the heat sink
structure 1s supported 1n the interior space at a distance
from the enclosure of less than 8 mm.
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2. The lamp of claim 1 where the LED array 1s disposed
at one end of an LED assembly and the heat sink structure
extends at least substantially to one side of the LED array.

3. The lamp of claim 1 wherein the heat sink structure
comprises fins.

4. The lamp of claim 2 wherein the LED array 1s disposed
toward a top of the LED assembly and the heat sink structure
extends toward a bottom of the LED assembly.

5. The lamp of claim 1 wherein the LED array 1s disposed
on an LED assembly and the LED assembly 1s supported on
a glass stem where the heat sink structure at least partially
surrounds the glass stem.

6. The lamp of claim 1 wherein the LED array 1s posi-
tioned such that 1t 1s disposed substantially in the center of
the enclosure and the heat sink structure 1s oflset to one side
of the enclosure.

7. The lamp of claim 1 wherein the heat sink structure
contacts the enclosure.

8. The lamp of claim 1 wherein the gas comprises helium.

9. The lamp of claim 1 wherein the gas comprises
hydrogen.

[10. A lamp comprising:

an optically transmissive enclosure;

an LED array disposed in the optically transmissive

enclosure to be operable to emit light when energized
through an electrical connection;

a gas contained in the enclosure to provide thermal

coupling to the LED array; and

a heat sink structure thermally coupled to the LED array

for transmitting heat from the LED array to the gas,
where the heat sink structure comprises an outside
surface that supports the LED array and faces the
enclosure and an inside surface that faces away from
the enclosure where the inside surface and the outside
surface are surrounded by the gas.]

11. A lamp comprising:

an optically transmissive enclosure;

an LED array disposed in the optically transmissive

enclosure to be operable to emit light when energized

through an electrical connection, the LED array being

thermally coupled to the enclosure; and
an electrically insulating base comprising an upper part that
is connected to tke enclosure and a [separate] lower part that
Is a separate component from the upper part and that 1s
joined to the upper part and an electrical connector con-
nected to the lower part that forms part of the electrical
connection to the LED assembly.

12. The lamp of claim 11 wherein the electrical connector
comprises an Edison screw.

13. The lamp of claim 11 wherein the base has a relatively
narrow proximal end that i1s secured to the enclosure where
a diameter of the base gradually increases from the proximal
end to a point along the base.

14. The lamp of claim 13 wherein a portion of the base
with a larger diameter defines an internal space for receiving
a power supply.

15. The lamp of claim 11 wherein the base has a relatively
narrow proximal end that 1s secured to the enclosure where
a diameter of the base gradually increases from the proximal
end to a point along the base and the diameter of the base
gradually narrows from the point to the electrical connector.

16. The lamp of claim 11 wherein an external surface of
the base 1s formed by a smooth curved shape.

17. The lamp of claim 16 wherein the external surface of
the base transitions from a relatively smaller concave por-
tion to a relatively larger convex portion from the proximal
end to the electrical connector.
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[18. The lamp of claim 1 wherein the heat sink structure
is spaced from the enclosure.}

19. A lamp comprising: an optically transmissive sealed
enclosure; an LED array disposed in the optically trans-
missive enclosure operable to emit light when energized
through an electrical comnnection, the LED array forming
part of an LED assembly comprising a light transmissive
submount; a gas contained in the enclosure to provide
thermal coupling to the LED array where the gas comprises
oxvgen, the gas surrounding the LED array such that heat
is transmitted from the LED assembly primarily through the
gas, and a gas movement device.

20. The lamp of claim 19 where the oxygen is provided in
the enclosure in an amount that is sufficient to prevent
degradation of the LED array.

21. The lamp of claim 19 where the gas comprises less
than approximately 40% by volume of oxygen.

22. The lamp of claim 21 where the gas comprises a
second thermally conductive gas.

23. The lamp of claim 22 where the second thermally
conductive gas has a higher thermal conductivity than

oxyvgen.
24. The lamp of claim 22 where the second thermally
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conductive gas comprises helium, the helium comprising at 75

least 40% by volume of the gas.
25. The lamp of claim 19 wheve the gas has a thermal
conductivity of about at least §7.5 mW/m-K.

40

26. The lamp of claim 19 where the lamp emits light
equivalent to a 60 watt equivalent bulb and the gas com-
prises approximately 100% by volume of oxygen.

27. The lamp of claim 19 wherein the gas movement
device comprises at least one of an electric fan, a votary fan,
a piezoelectric fan, corona or ion wind generator, and
diaphragm pump.

28. The lamp of claim 19 where the lamp emits light
equivalent to a 40 watt equivalent bulb and the gas com-
prises approximately 1-5% by volume of oxygen.

29. The lamp of claim 19 where the gas comprises at least

approximately 4% by volume of oxygen.

30. The lamp of claim 19 where the gas comprises less
than approximately 50% by volume of oxygen.

31. The lamp of claim 19 where the gas comprises less
than approximately 5% by volume of oxygen.

32. The lamp of claim 19 where the gas comprises
approximately 40-60% by volume of oxygen.

33. The lamp of claim 19 wherein the LED assembly is
supported on a glass stem where the glass stem is fused to
the enclosure.

34. The lamp of claim 19 wherein the LED assembly is
supported on a glass stem wheve the glass stem is fused to
the enclosure and wherein the electrical connection com-
prises a thermally resistive electrical path configured to
prevent overtemperature of the LED array during fusing of
the glass stem to the enclosure.
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