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(57) Abstract: A solid-state lamp (200) with an angular distribution optic (220)
is disclosed. Embodiments of the present invention can provide for improved lu-
minous intensity distribution in the vertical plane for a vertically oriented solid-
state lamp. A lamp according to some example embodiments of the invention in-
cludes at least one LED (214), an optically transmissive enclosure (202) for the
LED or LEDs, and a base. The lamp also includes a distribution optic (220) con-
formably disposed in or on the base to conduct light for angularly distributed

202

200 emission from the base of the lamp. In some embodiments, the lamp is dimen-
/ sioned as a replacement for a candelabra type incandescent bulb. The distribution
optic can be composed of any optical medium, and in some embodiments, may be
from about 1 mm to about 5 mm thick. In some embodiments, the distribution op-
224 n? tic is made of thermally conductive plastic.
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SOLID-STATE LAMP WITH ANGULAR DISTRIBUTION OPTIC

BACKGROUND
[0001] Light emitting diode (LED) lighting systems are becoming more prevalent as
replacements for legacy lighting systems. LED systems are an example of solid state lighting
(SSL) and have advantages over traditional lighting solutions 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 any color light, and generally
contain no lead or mercury. A solid-state lighting system may take the form of a luminaire,

lighting unit, light fixture, light bulb, or a “lamp.”

[0002] An LED lighting system may include, for example, a packaged light emitting
device including one or more light emitting diodes (LEDs), which may include inorganic
LEDs, which may include semiconductor layers forming p-n junctions and/or organic LEDs,
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 is by using a lumiphor such
as a phosphor. Still another approach for producing white light is to stimulate phosphors or

dyes of multiple colors with an LED source. Many other approaches can be taken.

[0003] An LED lamp may be made with a form factor that allows it to replace a standard
incandescent bulb, or any of various types of fluorescent lamps. LED lamps often 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

enclosure for the electronics and/or the LEDs in the lamp.

[0004]  Since, ideally, an LED lamp designed as a replacement for a traditional
incandescent or fluorescent light source needs to be self-contained; a power supply is
included in the lamp structure along with the LEDs or LED packages and the optical
components. A heatsink is often needed to cool the LEDs and/or power supply in order to

maintain appropriate operating temperature.
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SUMMARY
[0005] Embodiments of the present invention can provide for improved luminous intensity
distribution in the vertical plane for a vertically oriented solid-state lamp with a power supply
or driver in the base. In some locales, government, non-profit and/or educational entities
have established standards for SSL products, and luminous intensity distribution is typically
part of such standards. LED bulbs typically include electronic circuitry and in some cases, a
heat sink, which may obstruct the light in the direction of a base with the power supply.
Embodiments of the present invention can provide for better angular emission of light from

the base of such a solid-state lamp or bulb.

[0006] A lamp according to some example embodiments of the invention includes at least
one LED, an optically transmissive enclosure for the LED or LEDs, and a base. The lamp
also includes a distribution optic conformably disposed in or on the base to conduct light
from the at least one LED for angularly distributed emission from the base of the lamp. Such
an optic may be referred to herein as a distribution optic or an angular distribution optic. In
some embodiments the lamp also includes a guide optic arranged to direct light from the
LED(s) into the distribution optic. The guide optic can be transmissively coupled to the
distribution optic to direct the light. The optically transmissive enclosure can alternatively or
additionally be transmissively coupled to the distribution optic to direct light into the

distribution optic.

[0007] In some embodiments, a power supply, sometimes referred to as a “driver” resides
in the base. Hence, the base may be referred to as a “driver base.” In some embodiments, a
reflective insert is included in or on the base between the distribution optic and the power
supply. In some embodiments, the lamp is dimensioned as a replacement for a candelabra
type incandescent bulb. In some embodiments, the lamp is dimensioned as a replacement for
an A-series incandescent bulb. A lamp according to example embodiments can be assembled
by assembling a power supply within the base of the LED lamp, connecting at least one LED
to the power supply, connecting an optically transmissive enclosure to the base of the LED
lamp to enclose the at least one LED, and installing a distribution optic in or on the base so as
to serve as a light pipe by conducting light from the at least one LED for angularly distributed

emission from the base of the LED lamp.
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[0008] In some embodiments, the distribution optic is plastic, which can be translucent or
transparent, and can be thermally conductive to aid in cooling the driver of a lamp. The
distribution optic can be any optical medium, and in some embodiments, may be from about
1 mm to about 5 mm thick. In some embodiments, the thermal conductivity of the optical
medium may be realized through the use of a thermally conductive additive. In some
embodiments, a guide optic may be a total-internal reflection (TIR) optic that serves both to
direct light from the LED(s) into the distribution optic or optical medium, and to direct light

into the interior of the optically transmissive enclosure.

[0009] In some embodiments of the invention, an LED candelabra lamp includes a driver
base and an optical dome connected to the driver base. When viewed at a distance, the LED
candelabra lamp gives of light in substantially all directions in the vertical plane, from both
the optical dome and the driver base, to give the appearance of a traditional, incandescent
candelabra bulb. The optical dome and the driver base can be made as distinct components,

or they can be molded, extruded, or otherwise made together as one piece.

[0010] Embodiments of the invention can be especially useful in SSL bulbs dimensioned
to replace elongated incandescent bulbs where the width of the top of the optical dome is
equal to or narrower than the width of the base, such as candelabra bulbs. However,

embodiments of the invention can be used in solid-state lamps of any shape.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 11s a side view of a solid-state “candelabra” style lamp as is known in the art,

wherein the light pattern produced by the lamp is indicated.

[0012] FIG. 21s a side view of a solid-state candelabra style lamp according to

embodiments of the invention, where the light pattern produced is indicated.

[0013] FIG. 3 is a cut-away side view of the solid-state candelabra lamp of FIG. 2 in

which some of the internal components are visible.
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[0014] FIG. 4 is an enlarged cut-away, perspective view of the base of the candelabra
lamp of FIGs. 2 and 3 with the optical dome removed according to example embodiments of

the invention.

[0015] FIG. 5 is a perspective view of the solid-state candelabra lamp of FIGs. 2, 3, and 4,

in which the optical dome has been removed, so that the guide optic can be clearly observed.

[0016] FIG. 61s an enlarged cut-away, perspective view of the base of a candelabra lamp

according to additional example embodiments of the invention.

[0017] FIG. 7 is a cut-away side view of a A-series solid-state lamp according to further

additional embodiments of the invention.

DETAILED DESCRIPTION
[0018] Embodiments of the present invention now will be described more fully hereinafter
with reference to the accompanying drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and should not
be construed 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 invention to those skilled in the art. Like numbers refer to like elements

throughout.

[0019] It will be understood that, although the terms first, second, etc. may be used herein
to describe various elements, these elements 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
element, 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.

[0020] It will be understood that when an element such as a layer, region or substrate is
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
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element, there are no intervening elements present. It will also be understood that when an
element is referred to as being “connected” or “coupled” to another element, it can be directly
connected or coupled to the other element or intervening elements may be present. In
contrast, when an element is referred to as being “directly connected” or “directly coupled” to

another element, there are no intervening elements present.

[0021] 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 illustrated in the figures. It will be understood that these
terms are intended to encompass different orientations of the device in addition to the

orientation depicted in the figures.

[0022] The terminology used herein is for the purpose of describing particular
embodiments only and is 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 as well, unless the
context clearly indicates otherwise. It will be further understood that the terms “comprises”
“comprising,” “includes” and/or “including” when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof.

[0023]  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 invention belongs. It will be further understood that terms used herein should be
interpreted as having a meaning that is consistent with their meaning in the context of this
specification and the relevant art and will not be interpreted in an idealized or overly formal

sense unless expressly so defined herein.

[0024]  Unless otherwise expressly stated, comparative, quantitative terms such as “less”
and “greater”, are intended to encompass the concept of equality. As an example, “less” can

mean not only “less” in the strictest mathematical sense, but also, “less than or equal to.”

[0025] 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
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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 electrons across the band
gap between a conduction band and a valence band of a semiconductor active (light-emitting)
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 emitter depends on the
materials of the active layers thereof. In various embodiments, solid-state light emitters may
have peak wavelengths in the visible range and/or be used in combination with lumiphoric
materials having peak wavelengths in the visible range. Multiple solid-state light emitters
and/or multiple lumiphoric materials (i.e., in combination with at least one solid-state light
emitter) may be used in a single device, such as to produce light perceived as white or near-
white in character. In certain embodiments, the aggregated output of multiple solid-state
light emitters and/or lumiphoric materials may generate warm white light output having a

color temperature range of from about 2700K to about 4000K.

[0026]  Solid-state light emitters may be used individually or in combination with one or
more lumiphoric materials (e.g., phosphors, scintillators, lumiphoric inks) and/or optical
elements 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 lumiphoric
(also called ‘luminescent’) materials in 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 elements, and/or coating such materials on lumiphor support
elements. 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 emitter.

[0027] It should also be noted that the term “lamp” is meant to encompass not only a

solid-state replacement for a traditional incandescent bulb as illustrated herein, but also
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replacements for fluorescent bulbs, replacements for complete fixtures, and any type of light

fixture that may be custom designed as a solid state fixture.

[0028] Example embodiments of the present invention provide for improved luminous
intensity distribution in the vertical plane for a vertically oriented solid-state lamp with a
power supply or driver in the base. The phrase, “vertically oriented” is used for reference
only. The lamp according to example embodiments of the invention can be oriented in any
direction and the advantages discussed herein will be equally realized. As previously
mentioned, an embodiment of the invention can find use in a lamp of any form factor or
shape; however, embodiments of the invention can be especially useful in SSL bulbs
dimensioned to replace elongated incandescent bulbs where the width of the top of the optical
dome is equal to or narrower than the width of the base, such as candelabra bulbs. FIG. 1
illustrates an LED candelabra lamp/bulb 100 as is known in the art. Bulb 100 includes an
optical enclosure 102 covering the LEDs, an opaque driver base 104, and an Edison-style
screw connector 106. The arrows emanating from the bulb indicate the emission of light.
Note that since driver base 104 is opaque and includes the power supply, no light emanates
from that part of the bulb. Thus, when viewed at a distance, LED lamp 100 does not give off
light in all directions and looks quite different than a traditional incandescent candelabra

bulb.

[0029] FIGs. 2, 3, 4, and 5 show various views of an LED replacement bulb or lamp 200
according to example embodiments of the invention. FIG. 2 is a schematic side view of lamp
200. Lamp 200 is dimensioned as a replacement for a candelabra-style incandescent bulb and
includes optically transmissive enclosure 202, driver base 204 and an Edison-type screw
connector 206. Driver base 204 includes a power supply to provide the correct voltage and
current to drive the LED or LEDs that serve as light sources for solid-state bulb 200,
receiving line voltage as input through the Edison-type screw connection. It should be noted
that any type of electrical connection could be used in a solid-state replacement bulb
according to example embodiments of the present invention. The arrows emanating from the
bulb indicate the emission of light. Note that in the case of bulb 200, light is emitted from
driver base 204 along with the light from the optically transmissive enclosure 202. Thus,
bulb 200 can be said to include a driver base and an optical dome connected to the driver

base, where, when viewed at a distance, the LED lamp gives off light in substantially all
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directions in the vertical plane, and thus looks like a traditional incandescent candelabra bulb.
It should be noted that the optical dome and the driver base can be made as distinct parts or

components, or they can be molded, extruded, or otherwise made together as one piece.

[0030] FIG. 3 is a view of solid-state bulb 200 with all the parts of the bulb cut away and
the power supply components removed from power supply shell 208. The base of bulb 200
as visible in FIG. 3 and FIG. 4 includes support 210 and circuit board 212, on which an LED
device package 214 is mounted. Bulb 200 includes an angular distribution optic 220
conformably disposed in or on the base. This distribution optic can be translucent or
transparent, and can be formed from an optical medium such as rigid plastic or a material that
is sprayed, molded in place, or otherwise similarly applied to the base. In example
embodiments the optical medium, regardless of the material can be on average, from 1 mm to

5 mm thick, and is conforming to the general shape of the base.

[0031]  Still referring to FIG. 3 and FIG. 4, lamp 200 also includes a guide optic 224
transmissively coupled to the distribution optic and arranged to direct light from the LED
device package into the distribution optic, as indicated by the arrows from the guide optic to
the distribution optic shown in FIG. 4. The guide optic also directs light into the optically
transmissive dome enclosure 202. Light then emanates from the distribution optic around the
base of the bulb, in addition to from the top portion of the guide optic and out through
optically transmissive enclosure 202, resulting in a natural, pleasing light pattern, especially

for a candelabra bulb, which may be installed in an open or transparent fixture.

[0032] Guide optic 224 in this example embodiment is a total-internal-reflection (TIR)
optic. The vertical part of guide optic 224 in this example embodiment is tapered, and
includes internally reflective surfaces 226 at the top end. Entry surface 228 directs light rays
as appropriate to exit the optic at the top and sides to direct light into optically transmissive

enclosure 202 and eventually emanate from the top portion of the bulb.

[0033] Continuing with FIG. 3 and FIG. 4, a reflective insert 230 in this example is
installed between the distribution optic and the power supply. In some embodiments this
insert is made of aluminum; however other materials could be used. The insert could have a

surface that is specular or diffusive. A diffusive insert could be made of highly reflective
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white plastic for example. Either or both of the reflective insert and the distribution optical
medium could be made thermally conductive to aid in cooling the electronics in the base of
the bulb. As an example, incorporating a thermally conductive additive into translucent

plastic material can produce thermally conductive plastic.

[0034] FIG. 5 is a perspective view of the entire base of the candelabra lamp of FIGs. 2, 3,
and 4 so that the overall shape of the guide optic 224 in this example embodiment is visible.
Note that in this case substantially all light conducted into the distribution optic is supplied by
the guide optic. The optical dome or “optically transmissive enclosure” can be fastened with
adhesive or fasteners on top of the guide optic, and can be designed so that the edges that rest
on the guide optic are angled and are either light transmissive or opaque. If the edges of the
dome are light transmissive the dome may be indirectly transmissively coupled into the
distribution optic. It is possible to design the distribution optic so that the optically
transmissive enclosure also or alternatively directly pipes light into the distribution optic and

such an embodiment is described below with respect to FIG. 6.

[0035] LED device package 214 as shown in the figures can include a single LED, but
more typically includes multiple LED chips or “LEDs” on a submount. Such a device is
often referred to as an “LED” even if it in fact includes multiple LED chips. These can be so-
called “flip-chip” LEDs or have a more conventional design with wire bonds making some or
all electrical connections. Some or all of the LED chips can include a conformal phosphor
layer. Alternatively, a lens or clear cover for the device package can include a phosphor
layer. In some example embodiments, the phosphor layer’s thickness is less than half the
spacing between adjacent die. The combination of LEDs and phosphor are designed to emit
substantially white light, or light with a color temperature similar to that of incandescent
bulbs as might be desired. A submount in the device is typically covered with a pattern of
metal to interconnect the LEDs if necessary and provide a connection to the power supply.
Other components, such as ESD protection diodes may be present on the submount.
Submounts for such devices may be made of alumina, aluminum nitride, or other materials,

for example high-temperature polymers.

[0036] FIG. 61s a cut-away, magnified side view of an LED replacement bulb or lamp

600 according to additional example embodiments of the invention. Lamp 600 is again
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dimensioned as a replacement for a candelabra-style incandescent bulb and includes optically
transmissive enclosure 602 and a driver base with an Edison-type screw connector (not
shown). The arrows emanating from the bulb and guide optic 624 indicate the emission of
light. Again, light is emitted from the driver base along with the light from the optically
transmissive enclosure 602. Thus, when viewed at a distance, LED lamp 600 again gives off
light in substantially all directions in the vertical plane, and thus looks like a traditional

incandescent candelabra bulb.

[0037]  Still referring to FIG. 6, the base of bulb 600 includes support 610 and circuit
board 612, on which an LED device package 614 is mounted. Bulb 600 includes a
distribution optic 620, again conformably disposed in or on the base. This distribution optic
again can be translucent or transparent, and can be formed from an optical medium such as
rigid plastic or a material that is sprayed, molded in place, or otherwise similarly applied to
the base. In example embodiments the optical medium, regardless of the material can be on
average, from 1 mm to 5 mm thick, and is conforming to the general shape of the base.
However, note that in this case, the distribution optic has a step 625, in or on which both the
guide optic 624 and the optical dome or transmissive enclosure 602 rest. That is, the guide
optic 624 is arranged to direct light from the LED device package into the distribution optic,
as indicated by the arrows from the guide optic to the distribution optic, but the enclosure 602
is also arranged to direct light from the LED device package into the distribution optic, as
indicated by the arrows from the optically transmissive enclosure 602 to the distribution
optic. Light then emanates from the distribution optic around the base of the bulb, in addition
to from transmissive enclosure 602, resulting in a natural, pleasing light pattern, especially

for a candelabra bulb, which would often be installed in an open or transparent fixture.

[0038] Continuing with FIG. 6, guide optic 624 in this example embodiment is again a
total-internal-reflection (TIR) optic, but the base of the guide optic may have a smaller
diameter to allow space for the stop and the optically transmissive enclosure. The vertical
part of guide optic 624 in this example embodiment is again tapered, and includes similar
internally reflective surfaces as previously described. It should be noted that the guide optic
can be made even smaller and not couple any light into the distribution optic. In such a case,
the optically transmissive enclosure couples light into the distribution optic exclusively or

almost exclusively. One of skill in the art can alter the size of step 625 or the width of the

10
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various edges to achieve balance between light piping mechanism as required or desired for a

particular bulb design.

[0039]  As before, lamp 600 of FIG. 6 can include a reflective insert 630 installed between
the distribution optic and the power supply. In some embodiments this insert is made of
aluminum; however other materials could be used. The insert could have a surface that is
specular or diffusive. A diffusive insert could be made of highly reflective white plastic for
example. Again, either or both of the reflective insert and the distribution optical medium

could be made thermally conductive to aid in cooling the electronics in the base of the bulb.

[0040] FIG. 7 is a cut-away side view of an A-series style SSL replacement lamp 700 that
makes use of an embodiment of the invention. Lamp 700 includes transmissive enclosure or
dome 702 and driver base 704, with Edison screw connector 706. This particular style of
lamp includes a heatsink having fins 705. In this particular example embodiment, the guide
optic does not need to direct light into the interior of the optical enclosure because LED
devices 714 are located on filament tower 715 and provide properly distributed light within
the optical enclosure. In this example embodiment, distribution optic 720 again can be
translucent or transparent, and can be formed from an optical medium such as rigid plastic or
a material that is sprayed, molded in place, or otherwise similarly applied to the base. Again,
arrows emanating from the bulb indicate the emission of light. In example embodiments the
optical medium, regardless of the material can be on average, from 1 mm to 5 mm thick, and
is again conforming to the general shape of the base. Also in this example embodiment,
guide optic 724 pipes light into the distribution optic. In this example, guide optic 724 is an
annular light pipe.

[0041]  Still referring to FIG. 7, lamp 700 again can include a reflective insert 730 installed
between the distribution optic and the power supply 740. In some embodiments this insert is
made of aluminum; however other materials could be used. The insert could have a surface
that is specular or diffusive. A diffusive insert could be made of highly reflective white
plastic for example. Again, either or both of the reflective insert and the distribution optical
medium could be made thermally conductive to aid in cooling the electronics in the base of

the bulb.

11
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[0042] A lamp according to any of the above or other embodiments can be assembled by
assembling a power supply within the base of the LED lamp, connecting an LED or LEDs to
the power supply, connecting an optically transmissive enclosure to the base of the LED lamp
to enclose the at least one LED, and installing a distribution optic in or on the base so as to
serve as a light pipe by conducting light from the at least one LED for angularly distributed
emission from the base of the LED lamp. As part of connecting the LED to the power
supply, appropriate supports and circuit boards as previously described can be installed and
connected. The various portions of a solid-state lamp or lighting system according to
example embodiments of the invention can be made of any of various materials. Heatsinks
can be made of metal or plastic, as can the various portions of the housings for the
components of a lamp. A system according to embodiments of the invention can be
assembled using varied fastening methods and mechanisms for interconnecting the various
parts. For example, in 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, adhesives, screws, bolts, or other fasteners may be used to

fasten together the various components.

[0043]  Although specific embodiments have been illustrated and described herein, those
of ordinary skill in the art appreciate that any arrangement which is calculated to achieve the
same purpose may be substituted for the specific embodiments shown and that the invention
has other applications in other environments. This application is intended to cover any
adaptations or variations of the present invention. The following claims are in no way

intended to limit the scope of the invention to the specific embodiments described herein.

12
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CLAIMS
1. Alamp comprising:
at least one LED;
an optically transmissive enclosure for the at least one LED,
a base; and
a distribution optic conformably disposed in or on the base to conduct light
from the at least one LED for angularly distributed emission from the base of the

lamp.

2. The lamp of claim 1 wherein the optically transmissive enclosure is transmissively

coupled to the distribution optic.

3. The lamp of claim 1 further comprising a guide optic arranged to direct light from
the at least one LED into the distribution optic.

4. The lamp of claim 3 wherein the guide optic also directs light to the interior of the

optically transmissive enclosure.

5. The lamp of claim 3 wherein both the guide optic and the optically transmissive

enclosure are transmissively coupled to the distribution optic.

6. The lamp of claim 1 wherein the base further comprises a power supply.

7. The lamp of claim 6 further comprising a reflective insert between the distribution

optic and the power supply.

8. The lamp of claim 6 wherein the distribution optic further comprises thermally

conductive plastic.

9. The lamp of claim 1 dimensioned as a replacement for a candelabra type

incandescent bulb.
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10. The lamp of claim 1 dimensioned as a replacement for an A-series incandescent
bulb.

11. A method of assembling an LED lamp, the method comprising:
assembling a power supply within or conforming to a base of the LED lamp;
connecting at least one LED to the power supply;
connecting an optically transmissive enclosure to the base of the LED lamp to
enclose the at least one LED;
installing a distribution optic in or on the base so as to conduct light from the

at least one LED for angularly distributed emission from the base of the LED lamp.

12. The method of claim 11 further comprising installing a guide optic to direct light

from the at least one LED into the distribution optic.

13. The method of claim 12 further comprising installing a reflective insert between

the distribution optic and the power supply.

14. The method of claim 13 further comprising forming the distribution optic from

thermally conductive plastic.

15. A candelabra lamp comprising:

an optically transmissive enclosure;

at least one LED disposed in the optically transmissive enclosure;

a driver base connected to the optically transmissive enclosure and to the at
least one LED; and

an optical medium having a thickness from about 1 mm to about 5 mm, the
optical medium substantially conforming to the driver base and receiving light from

the at least one LED to provide angularly distributed emission from the driver base.

16. The candelabra lamp of claim 15 further comprising a TIR optic that directs light

into the optically transmissive enclosure.
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17. The candelabra lamp of claim 16 wherein the TIR optic is transmissively coupled

to the optical medium.

18. The candelabra lamp of claim 16 wherein the optically transmissive enclosure is

transmissively coupled to the optical medium.

19. The candelabra lamp of claim 16 wherein the TIR optic and the optically

transmissive enclosure are both transmissively coupled to the optical medium.

20. The candelabra lamp of claim 16 further comprising a reflective insert disposed

between the optical medium and the driver base.

21. The candelabra lamp of claim 16 wherein the optical medium is thermally

conductive.

22. The candelabra lamp of claim 21 wherein the optical medium further comprises a

thermally conductive additive.

23. An LED candelabra lamp comprising:

a driver base; and

an optical dome connected to the driver base;

wherein when viewed at a distance, the LED candelabra lamp gives of light in
substantially all directions in the vertical plane to give the appearance of a traditional,

incandescent candelabra bulb.

24. The LED candelabra lamp of claim 23 further comprising a distribution optic
conformably disposed in or on the driver base to conduct light from at least one LED for

angularly distributed emission from the driver base.

25. The LED candelabra lamp of claim 24 further comprising;
a power supply in the driver base; and

a reflective insert between the distribution optic and the power supply.
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