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1
METHOD AND APPARATUS FOR
PROVIDING OMNIDIRECTIONAL
ILLUMINATION USING LED LIGHTING

FIELD

The exemplary aspect(s) of the present invention relates to
lighting devices. More specifically, the aspect(s) of the
present invention relates to light radiation emitted by a solid-
state light apparatus using light-emitting diode (“LED”)
device.

BACKGROUND

With increasing efficiencies and capabilities in solid-state
lighting technology, solid-state light emitting devices such as
LEDs are in a process of replacing traditional incandescent
and/or fluorescent light bulbs for general illumination. LEDs
typically have higher light conversion efficiencies and have
longer lifetime than conventional light sources. With continu-
ing development of LEDs, LEDs will have higher light con-
version efficiencies and less energy consumption. For LEDs
to be accepted to general lighting applications, it not only
provides high energy conversion capability, but also adopts
existing lighting standards and infrastructure. An advantage
of using the LEDs for general illumination is that they are
more energy efficient, compact, and reliable in comparison
with traditional lighting fixtures such as incandescent or fluo-
rescent light bulbs or lamps.

A drawback, however, associated with a typical LED lamp
is that it usually delivers a directional light, also known as
light forward or forward light cone. A reason that an LED
lamp gives off light in one direction is that an LED lighting
apparatus is a forward illuminating light source. However,
under luminous flux measurement (“LM”) 79 specifications,
a typical lighting fixture such as incandescent lamps is
required to deliver omnidirectional light and/or illumination.

SUMMARY

Aspect(s) of present invention discloses a sold-state light-
emitting device which is capable of generating omnidirec-
tional light using a reflector, a lens, or a light guide, or a
combination of the above. The device, in one aspect, includes
a light emitting diode (“LED”) package, a light reflector (or a
lens, and/or a light guide), and a shell. The LED package,
which is mounted on a plate, generates a forward light cone by
converting electrical energy to optical energy. The light
reflector (or lens or light guide) can be formed with various
different shapes that can be placed adjacent to the LED pack-
age. A function of the light reflector (or lens or light guide) is
to redistribute light from at least a portion of the forward light
cone to omnidirectional light. A shell is employed to provide
protection to the LED package and the light reflector (or lens
or light guide). In addition, the shell also assists and spreads
directional light into omnidirectional radiation.

It is understood that other aspects of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein it is shown and
described only exemplary configurations of an LED by way
of illustration. As will be realized, the present invention
includes other and different aspects and its several details are
able to be modified in various other respects, all without
departing from the spirit and scope of the present invention.
Accordingly, the drawings and the detailed description are to
be regarded as illustrative in nature.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The exemplary aspect(s) of the present invention will be
understood more fully from the detailed description given
below and from the accompanying drawings of various
aspects of the invention, which, however, should not be taken
to limit the invention to the specific aspects, but are for expla-
nation and understanding only.

FIG. 1 is a diagram illustrating a solid-state lighting device
having a reflector in accordance with one aspect of the present
invention;

FIG. 2 illustrates side-view diagrams of lighting devices
showing LED packages and reflectors in accordance with one
aspect of the present invention;

FIGS. 3-5 illustrate side-view diagrams of lighting devices
capable of providing omnidirectional illumination using mul-
tiple LED packages in accordance with one aspect of the
present invention;

FIG. 6 illustrates two configurations showing layouts of
LED packages and reflectors in accordance with one aspect of
the present invention;

FIG. 7 illustrates cone-shaped lens (or light guide) capable
of redistributing at least a portion of forward light cone in
accordance with one aspect of the present invention;

FIGS. 8A-B illustrate alternative configuration of a bulb
shell capable of providing omnidirectional illumination and
heat dissipation in accordance with one aspect of the present
invention;

FIG. 9 is a flowchart illustrating a process of generating
omnidirectional radiation using one or more reflectors (or
lenses, or light guides, or combination of the above) in accor-
dance with one aspect of the present invention;

FIG. 10 is a conceptual cross-sectional view illustrating an
exemplary fabrication process of an LED or LED devices;

FIG. 11 is a conceptual cross-sectional view illustrating an
example of an LED with a phosphor layer;

FIG. 12A is a conceptual top view illustrating an example
of'an LED array that can be used with flexible LED connec-
tions in accordance with one aspect of the present invention;

FIG. 12B is a conceptual cross-sectional view of the LED
array of FIG. 12A;

FIG. 13A is a conceptual top view illustrating an example
of an alternative configuration of an LED array that can be
used with flexible LED connections in accordance with one
aspect of the present invention;

FIG. 13B is a conceptual cross-sectional view of the LED
array of FIG. 13A; and

FIG. 14 shows exemplary lighting devices including LED
devices using flexible LED connections in accordance with
one aspect of the present invention.

DETAILED DESCRIPTION

Aspects of the present invention is described herein in the
context of a method, device, and apparatus of light emitting
diode (“LED”) devices capable of providing omnidirectional
radiation for general illumination.

The present invention is described more fully hereinafter
with reference to the accompanying drawings, in which vari-
ous aspects of the present invention are shown. This inven-
tion, however, may be embodied in many different forms and
should not be construed as limited to the various aspects of the
present invention presented throughout this disclosure.
Rather, these aspects are provided so that this disclosure is
thorough and complete, and fully conveys the scope of the
present invention to those skilled in the art. The various
aspects of the present invention illustrated in the drawings
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may not be drawn to scale. Rather, the dimensions of the
various features may be expanded or reduced for clarity. In
addition, some of the drawings may be simplified for clarity.
Thus, the drawings may not depict all of the components of a
given apparatus (e.g., device) or method.

Various aspects of the present invention will be described
herein with reference to drawings that are schematic illustra-
tions of idealized configurations of the present invention. As
such, variations from the shapes of the illustrations as a result,
for example, manufacturing techniques and/or tolerances, are
to be expected. Thus, the various aspects of the present inven-
tion presented throughout this disclosure should not be con-
strued as limited to the particular shapes of elements (e.g.,
regions, layers, sections, substrates, etc.) illustrated and
described herein but are to include deviations in shapes that
result, for example, from manufacturing. By way of example,
an element illustrated or described as a rectangle may have
rounded or curved features and/or a gradient concentration at
its edges rather than a discrete change from one element to
another. Thus, the elements illustrated in the drawings are
schematic in nature and their shapes are not intended to illus-
trate the precise shape of an element and are not intended to
limit the scope of the present invention.

It will be understood that when an element such as a region,
layer, section, substrate, or the like, is referred to as being
“on” another element, it can be directly on the other element
or intervening elements may also be present. In contrast,
when an element is referred to as being “directly on” another
element, there are no intervening elements present. It will be
further understood that when an element is referred to as
being “formed” on another element, it can be grown, depos-
ited, etched, attached, connected, coupled, or otherwise pre-
pared or fabricated on the other element or an intervening
element.

Furthermore, relative terms, such as “lower” or “bottom™
and “upper” or “top,” may be used herein to describe one
element’s relationship to another element as illustrated in the
drawings. It will be understood that relative terms are
intended to encompass different orientations of an apparatus
in addition to the orientation depicted in the drawings. By way
of example, if an apparatus in the drawings is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The term “lower”, can therefore, encompass
both an orientation of “lower” and “upper,” depending of the
particular orientation of the apparatus. Similarly, if an appa-
ratus in the drawing is turned over, elements described as
“below” or “beneath” other elements would then be oriented
“above” the other elements. The terms “below” or “beneath”
can, therefore, encompass both an orientation of above and
below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skills in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and this disclosure.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprises” and/or “comprising,” when used in
this specification, 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,
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and/or groups thereof. The term “and/or” includes any and all
combinations of one or more of the associated listed items

Various aspects of an LED luminaire will be presented.
However, as those skilled in the art will readily understand,
these aspects of invention may be extended to aspects of LED
luminaries without departing from the invention. The LED
luminaire may be configured as a direct replacement for con-
ventional luminaries, including, by way of example, recessed
lights, surface-mounted lights, pendant lights, sconces, cove
lights, track lighting, under-cabinet lights, landscape or out-
door lights, flood lights, search lights, street lights, strobe
lights, bay lights, strip lights, industrial lights, emergency
lights, balanced arm lamps, accent lights, background lights,
and other light fixtures.

Asused herein, the term “light fixture” shell mean the outer
shell or housing of a luminaire. The term “luminaire” shell
mean a light fixture complete with a light source and other
components (e.g.,a fan for cooling the light source, a reflector
for directing the light, etc.), if required. The term “LED
luminaire” shell mean a luminaire with a light source com-
prising one or more LEDs. LEDs are well known in the art,
and therefore, will only briefly be discussed to provide a
complete description of the invention.

Itis further understood that the aspect of the present inven-
tion may contain integrated circuits that are readily manufac-
turable using conventional semiconductor technologies, such
as CMOS (“complementary metal-oxide semiconductor’)
technology, or other semiconductor manufacturing processes
(this invention does not contain integrated circuits, CMOS,
etc). In addition, the aspect of the present invention may be
implemented with other manufacturing processes for making
optical as well as electrical devices. Reference will now be
made in detail to implementations of the exemplary aspect(s)
as illustrated in the accompanying drawings. The same refer-
ence indicators will be used throughout the drawings and the
following detailed description to refer to the same or like
parts.

One aspect of presently disclosed invention discloses a
solid-state light-emitting apparatus capable of generating
omnidirectional light utilizing one or more light reflectors
such as a lens or light guide. The apparatus includes at least
one light emitting diode (“LED”) package, one light reflector
(i.e., a lens, and/or a light guide), and a shell. The LED
package, which can be mounted on a plate, generates a for-
ward directional light or forward light cone upon converting
from electrical energy to optical photons. The light reflector
(orlens or light guide) can be fabricated with various difterent
shapes and can be placed adjacent to and/or in front of an LED
package. A function of the light reflector (or lens or light
guide) is to redistribute at least a portion of the forward light
cone whereby the overall light illuminated by the light-emit-
ting apparatus is omnidirectional. The shell provides impact
protection to the LED package and light reflector (or lens or
light guide) by enveloping the LED package and light reflec-
tor within the shell. The shell also provides a function of
redistribute light from directional light to omnidirectional
light.

FIG. 1 is a diagram illustrating a solid-state lighting device
100 having a reflector in accordance with one aspect of the
present invention. Solid-state lighting device 100 includes a
coupling element 104, a mount stage 106, a reflector 108, and
a shell 102, wherein shell 102 encloses or envelops reflector
108 and mount stage 106. Mount stage 106, in one aspect, is
also referred to as a tube capable of housing LEDs. Coupling
element 104, in one example, includes a base or screw base
that is able to fit and/or couple to a conventional lighting or
lamp socket. The socket, notshown in FIG. 1, provides power
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supply such as electrical current to device 100. Other types of
coupling mechanism such as a bayonet coupling base can be
used to couple solid-state lighting device 100 to an existing
lighting socket or fixture. It should be noted that the under-
lying concept of the exemplary aspect(s) of the present inven-
tion would not change if one or more elements (or devices)
were added to or removed from device 100.

Mount stage 106, in one aspect, is configured to provide a
substrate for solid-state light source. The solid-state light
source is a semiconductor based light emitting devices such
as LEDs. For example, an LED package is an assembly
including one or more LED dies wherein each LED die can be
considered as a solid-state semiconductor integrated circuit
capable of converting electrical current to optical photons. An
LED array includes an LED assembly having a printed circuit
board (“PCB”) containing multiple LED packages.

Mount stage 106 may be fabricated in a cylindrical column,
square tube, hexagon tube, octagon shape, or the like. A
function of mount stage 106 is to hold one or more LED
packages to provide sufficient luminance in accordance with
a predefined application. In one configuration, multiple LED
light sources or packages are mounted on mount stage 106,
wherein each LED package, for example, may be mounted on
each side of mount stage 106 whereby the light generated by
the LED packages is more evenly distributed. Top surface 110
of mount stage 106 can be flat, circular, spherical, partial
spherical, curved, and/or cone shape. Top surface 110, in one
aspect, is configured to hold additional LED packages for
increasing illumination. Each LED package is configured to
produce a forward light cone or a directional light by convert-
ing electrical energy to optical photons. A forward light cone,
directional light, and/or light forward means a column of light
traveling away from the LED.

Mount stage 106 may be made by various different types of
materials such as metal, aluminum, copper, nickel, gold, sil-
ver, alloy, plastic, polymer, composite, or a combination of
aluminum, copper, nickel, gold, silver, alloy, plastic, polymer,
and/or composite. Depending on the applications, mount
stage 106 is coated with white color or metallic reflective
substance or coating to minimize shadows. The dimensions
of mount stage 106 such as shape and length and anchoring
location(s) of LED light sources may be adjusted and opti-
mized to meet LM79 specifications for omnidirectional illu-
mination.

Shell 102, which is also known as bulb shell, is used to
enclose mount stage 106 and reflector 108. Shell 102 may be
made of plastic, glass, polymer, composite, or a combination
of plastic, glass, polymer and/or composite. A function of
shell 102 is to assist or redistribute light from forward light
cone to omnidirectional light. Depending on the applications,
shell 102 is fabricated with transparency or semi-transpar-
ency milky (or white) color. Alternatively, shell 102 is coated
with a transparent or semi-transparent white coating for
facilitating redistribution of light from directional radiation to
omnidirectional radiation. In addition to even redistribution
of light, shell 102 also provides impact and/or contact pro-
tection for mount stage 106 and reflector 108.

Reflector 108, in one aspect, is a piece of apparatus having
a polished or reflective surface capable of reflecting or
deflecting light. Reflector 108 can be made of various types of
materials, such as glass, metal, aluminum, copper, nickel,
gold, silver, alloy, paper, plastic, polymer, composite, or a
combination of glass, aluminum, copper, nickel, gold, silver,
alloy, paper, plastic, polymer, and/or composite. Depending
on applications, reflector 108 may be coated with white color
and/or metallic reflective coating to increase reflection effi-
ciency. In one configuration, an LED or an array of LED light
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sources sit on a plate, areflector is remotely located in front of
the LED. The reflector can be flat, curved, cone shape, or
partial spherical shape to achieve desirable omnidirectional
illumination. The dimension and shape of reflector 108 may
be adjusted according to LM 79 specifications to achieve
optimized illumination.

The term “omnidirectional light or radiation” refers to
equal lighting sensitivity in almost all directions. Luminous
flux (or LM) is the photometric power of a light source mea-
sured in lumens (Im), which implies total flux emitted in all
directions. Measurement geometry requires a measurement
of all luminous flux. To measure total luminous flux, light
output over 360° of light collecting integrating spheres is
detected, collected, and summed. According to LM79 speci-
fications, an omnidirectional lighting apparatus or bulb
should at least meet the following three requirements: (1)
luminous intensity at any angle from 0° to 135° zone shall not
differ from the mean intensity of the entire 0° to 135° zone by
more than 20%; (2) at least 5% of total flux in 135°-180° zone;
and (3) measurements repeated in vertical planes 45° and 90°
from initial plane.

The LED package, for example, further includes a solid-
state light emitter capable of converting electrical energy to
optical photons. Device 100 further includes a post which is
coupled to the plate. The post is configured to secure the light
reflector in front of the LED. Alternatively, the post is con-
figured to channel heat inside of the shell to a heat sink. The
plate, for example, couples to an electrical driver and a heat
sink. It should be noted that the forward light cone includes a
column of light with angles travels away from the LED pack-
age.
Light reflector 108 is configured to be adjacent to the LED
package and is able to redistribute at least a portion of the
forward light cone from directional light to omnidirectional
light. In one aspect, light reflector 108 is placed at a location
which is at least partially on the path of a forward light cone.
Note that light reflector 108 is made of metal materials coated
with reflective coating. Shell 102 is configured to house the
LED package and light reflector 108, and distribute omnidi-
rectional radiation in response to the forward light cone. In
addition to providing protection to the LED package and light
reflector 108, shell 102 also facilitates redistribution of light
from the forward light cone to omnidirectional light in accor-
dance with specification of LM79.

FIG. 2 illustrates side-view diagrams of lighting devices
200-202 showing LED packages and reflectors in accordance
with one aspect of the present invention. Device 200 includes
a heat sink 206, a shell 102, an LED package 208, a light
reflector 212, and a post 216. Device 200 may include a base,
not shown in FIG. 2, for coupling to a power supply. Depend-
ing on the configurations, additional post(s) can be used to
anchor or secure light reflector 212 in a light path 210 emitted
from LED package 208. It should be noted that the underlying
concept of the exemplary aspect(s) of the present invention
would not change if one or more elements (or devices) were
added to or removed from device 200

LED package 208 is a solid-state light emitting assembly
that is capable of including one or more LED dies. Each LED
die includes a semiconductor P-N junction configured to con-
vert electrical energy to optical light. When LED package 208
is connected to an electrical power supply, it generates light
210 going forward. Note that if LED package 208 contains
more than one LED dies, LED package 208 may emit mul-
tiple beams or one combined beams.

Heat sink 206, in one aspect, includes various other ele-
ments and circuits such as a mount stage and an LED driver.
While mount stage, as discussed above, may be used to house
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LED package 208, the LED driver manages power distribu-
tion in accordance with LED electrical characteristics. For
example, heat sink 206 is configured to be hollow inside while
various heat dissipating fins form on the outside surface of
heat sink 206. While the hollow portion of heat sink 206 is
able to house LED driver(s), a function of heat sink 206 is to
dissipate heat inside shell 102 around LED package(s).

Light reflector 212, in one aspect, is configured to be in a
curved shape which is anchored in a path of directional light
210 for redistributing or scattering light from the directional
light to the omnidirectional light. Light reflector 212 is fixed
or secured by post 216. The location of light reflector 212 can
be adjusted to achieve generations of omnidirectional illumi-
nation in accordance with LM79. It should be noted that the
shape and/or size of reflector 212 can be adjusted or opti-
mized in response to generation of omnidirectional illumina-
tion.

During an operation, upon receipt of directional light 210
at reflector 212, a portion of light 226 which is not deflected
passes through reflector 212 and travels to the inside surface
of'shell 102. A portion of light 226 exits device 200 when light
226 penetrates shell 102. Light 224 is slightly deflected after
aportion of directional light 210 passes through reflector 212.
When light 224 impacts the inside surface or wall of shell 102,
it may split into multiple portions 234-235 to exit shell 102.
Light beams 220-222 deflected at reflector 212 strike the
inside surface or wall of shell 102, they are further split into
multiple portions of light beams 229-233 to exist shell 102.
Upon carefully rearranging, refining, adjusting, and manipu-
lating optical beams 220-235, omnidirectional illumination
can be achieved.

The surfaces of plate, mount stage (or tube), reflector 212,
post 216, in one aspect, are coated with white or highly
reflective substance. Shell 102 is made of materials having
milky or white color which can be partially transparent and
partially reflective. Shell 102, in one aspect, facilitates redis-
tribution of light from directional light beams to omnidirec-
tional light beams. It should be noted that other shape of shells
or color of shells may be used to achieve omnidirectional
illumination.

Device 202, in one aspect, includes a heat sink 206, a shell
102, an LED package 208, a light reflector 250, and a post
252. Device 202 also includes a base, not shown, for coupling
to a traditional lighting socket. Depending on the configura-
tions, additional post(s) can be used to anchor or secure light
reflector 250 in the path of directional light 210 emitted from
LED package 208. Device 202 is substantially similar to
device 200 except that the shape of light reflector 250 is
different. In one aspect, light reflector 250 is a cone shape
anchored in the path of directional light 210 for redistributing
or scattering light. One or more posts 252 are used to anchor
or fix light reflector 250 to a location. The location of light
reflector 250 can be adjusted to achieve optimal omnidirec-
tional illumination. It should be noted that shape and size of
reflector 250 can be adjusted or optimized to achieve omni-
directional radiation.

Post 252, in one example, is made of rigid materials such as
metal, aluminum, copper, nickel, gold, silver, alloy, paper,
plastic, polymer, composite, or a combination of aluminum,
copper, nickel, gold, silver, alloy, paper, plastic, polymer,
and/or composite. In one aspect, post 252 also functions as a
heat dissipating apparatus capable of channeling or transfer-
ring heat from inside of shell 102 to heat sink 206. It should be
noted that reflector 250 may require more than one post to
anchor or secure at a desirable location.

FIG. 3 illustrates side-view diagrams of lighting device
300-302 capable of providing omnidirectional illumination
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using multiple LED packages in accordance with one aspect
of'the present invention. Device 300 includes a heat sink 206,
a shell 102, and a mount stage 306 wherein mount stage 306
is able to house multiple LED packages 308. Device 300 may
include additional elements such as a base for coupling to a
power supply. It should be noted that the underlying concept
of'the exemplary aspect(s) of the present invention would not
change if one or more elements (or devices) were added to or
removed from device 300.

To provide omnidirectional illumination, mount stage 306,
in one aspect, is configured to house multiple LED packages
308 wherein every LED package 308 is arranged in such a
way that combined directional light columns generated by
LED packages 308 meet the requirements of omnidirectional
illumination under the LM79. Depending on the applications
and optimizations, mount stage 306, for instance, can be
formed in different shapes such as cylindrical tube, square
tube, hexagon tube, octagon shape, spherical shape, or the
like. A function of mount stage 306 is to house sufficient
number of LED packages to achieve sufficient luminance in
all directions. In one configuration, top surface 310 of mount
stage 306 is flat whereby an LED package 312 can be
mounted to provide additional luminance. Top surface 310
can also be in different shape, such as circular, spherical,
partial spherical, and/or cone shape.

mount stage 306, in one example, can be made by different
types of materials such as metal, aluminum, copper, nickel,
gold, silver, alloy, plastic, polymer, composite, or a combina-
tion of aluminum, copper, nickel, gold, silver, alloy, plastic,
polymer, and/or composite. Depending on the applications,
mount stage 306 can be coated with white coating or metallic
reflective substance for minimizing shadowing effect. Shad-
owing effect or shadow effect means a user is able to observe
a dark or semi-dark image of mount stage 306 when device
300 is 1it. It should be noted that shape and size of mount stage
306 as well as location(s) of LED packages 308 mounted may
be optimized to achieve omnidirectional illumination.

Device 302 includes a heat sink 206, a shell 102, and a
mount stage 366 wherein mount stage 366 is able to house
multiple LED packages 358 and reflectors 360. Note that
device 302 may include additional elements such as a base for
coupling to a power supply and posts 362 for anchoring
reflectors 360. Device 302 contains similar elements as
device 300 and performs similar functions as device 300
except that device 302 employs a different type of mount
stage 366.

Mount stage 366, in one aspect, is configured to house
multiple LED packages 358 wherein in front of each LED
package 358 anchors a light reflector 360. Light reflector 360
for example redistributes or spreads at least a portion of
directional light generated by an LED package into multidi-
rectional light beams. The shape of mount stage 366, in one
example, can be a cylindrical tube, square tube, hexagon tube,
octagon 