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LED LIGHTING LAMP

Background

[0001] Cross-reference to related applications

This application claims priority to U.S. Provisional Application Serial No.
61/166,577, filed on April 3, 2009, and entitled “LED Lighting Lamp,” which is
incorporated herein by reference for all purposes.
[0002] Technical Field
[0003] The present disclosure generally relates to light-emitting diode (LED)
lamps. More specifically, the present disclosure relates to LED lamps with high heat-
dissipation efficiency.
[0004] Background
[0005] With recent developments in LED technologies, high-powered LED lamps
are more frequently designed for use in household lighting applications. Compared with
light sources currently used in homes, such as incandescent lights, LED lamps provide
advantages such as ample brightness, energy savinés, high reliability, and long life span.
[0006] Current commercially available LED lamps involve a plurality of
packaged LEDs arranged in an array on a plane. Although this typé of LED lamp may
meet common lighting needs, the LED lighting elements are distributec; on the same
plane and, thus, the light being radiated from the LED lamp is highly directional and has
a relatively narrow beam angle. In addition, this type of LED lamp lacks a good heat-
dissipation structure which limits the life span due to the LEDs overheating. The heat
dissipation issue may be at léast partially addressed by installing a radiator on the back of

the base plane. For high-powered LED lighting elements, however, the packaging,
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including the adhesive base and the gléss bubble, may still interfere with effective heat
dissipation.

[000:7] Accordingly, there is a need for an LED lamp with good heat-dissipation
efficiency and wide illumination beam angles.

Brief Summary

[0008] This disclosure pertains to LED lamps, and in particular to LED lamps
with a multi level heat dissipation mechanism. The LED lamps provide sufficient heat-
dissipation efficiency, wide illumination Beam angles, and minimal wasted light.

[0009] According to an aspect, an LED lamp includes a first level heat sink, a
second level heat sink, and an LED light element. The first level heat sink comprises a
substrate and the second level heat sink comprises a stand connected to the substrate. An
LED light element is mounted on the stand.

[0010] According to another aspect, an LED lamp includes an LED element, a
substrate and a stand. The stand is connected to the substrate and the LED is mounted on
the stand. The stand is operable to raise the LED element above a top surface of the
substrate.

[0011] According to another aspect, an LED lamp includes at least one LED light
element, a first level heat sink, and a second level heat sink. The first level heat sink
comprises an LED support and the LED light element is mounted on the LED support.
The second level heat sink comprises a substrate and the LED support is connected to the
substrate.

[0012] According to another aspect, an LED lamp includes an LED emitting unit,

an LED light element, and a substrate. The LED emitting unit includes an LED stand and
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two electrical terminals. An LED light element is mounted on the LED stand. The
substrate comprises a slot and the bottom portion of the LED emitting unit is inserted into
the slot.

Brief Description of the Drawings

[0013] Figure 1 is a drawing illustrating a cross-sectional sid¢ view of an LED

lamp, in accordance with the present disclosure;

[0014] Figures 2A and 2B are drawings illustrating a side view and a front view

of the LED stand shown in Figure 1, in accordance with the present disclosure;

[0015] Figure 3 is a schematic drawing illustrating internal electrical connections

of the LED lamp shown in Figure 1, in accordance with the present disclosure;

[0016] Figure 4 is a drawing illustrating a top down view of the LED lamp
" shown in Figure 1, in accordance with the present disclosure;

[0017] Figure 5 is a drawing illustrating electrical installation of the LED lamp

shown in Figure 1, in accordance with the present disclosure

[0018] Figure 6 is a drawing illustrating a cross-sectional side view of another

LED lamp, in accordance with the present disclosure;

[0019] Figure 7 is a drawing illustrating a perspective view of the LED lamp

shown in Figure 6, in accordance with the present disclosure;

[0020] Figure 8 is a drawing illustrating a top down view of the LED lamp

shown in Figure 6, in accordance with the present disclosure;

[0021] Figure 9 is a schematic drawing illustrating internal circuit connections of

the LED lamp shown in Figure 6, in accordance with the present disclosure;
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[0022] Figure 10 is a drawiﬁg illustrating the electrical connections of the LED
lamp shown in Figure 6, in accordance with the present disclosure;

[0023] Figure 11 is a cross-sectional side view drawing illustrating a side view of
another LED lamp, in accordance with the present disclosure;

[0024] Figure 12 is a drawing illustrating a side view of the LED stand shown in
Figure 11, in accordance with the present disclosure;

[0025] Figure 13 is a drawing illustrating a perspective view of the LED stand
shown in Figure 11, in accordance with the present disclosure;

[0026] Figure 14 is a drawing illustrating the electrical connections of the LED
lamp shown in Figure 11, in accordance with the present disclosure;

[0027] Figure 15 is a drawing illustrating a top down view of the LED lamp
shown in Figure 11, in accordance with the present disclosure; and

[0028] Figure 16 is a drawing illustrating the electrical installation of LED
lighting elements of the LED lamp shown in Figure 11, in accordance with the present
disclosure.

Detailed Description

[0029] Known LED lamps lack good heat-dissipation efficiency and wide
illumination beam angles, and often waste light. To address common lighting needs, a
plurality of LEDs may be arranged in an array on a plane, as disclosed in Chinese Pat.
App. No. 01103850.0 (Pub. No. 1372096), entitled “LED Illuminatibn Lamp” to T.
Wang. In this configuration, a plurality of LEDs are installed with a sealiﬁg adhesive on
planar base plates of an LED lamp housing and printed circuit boards are installed

between the housing and lamp cap. This arrangement lacks adequate heat-dissipation
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limiting the lamp’s life-span. This arrangement also suffers from inadequate breadth of
illumination angles.

[0030] To address the narrow beam angle design, a plurality of LEDs may be
used in conjunction with an LED carrier, as disclosed in Chinese Pat. App. No.
200710044917.1 (Pub. No. 101182916), entitled “LED Lamps,” by X. Zhan. Zhan
discloses an LED carrier with multiple LED bearing planes — one of which is planar and
another of which is inclined. LEDs are then distributed on the planes in a circle, at
angularly equidistant points, which expands the beam angles but, due to the discontinuity
between the inclined planes, and the LEDs on the inclined planes being on a spherical
surface, the illﬁmihation intensity is still non-uniform.

[0031] Another issue with known LED lighting applications is the inefficient use
of output light from LED lighting elements. LED lighting elements typically emit light
not only from the top of the element but also from the sides. If an LED lighting element
is directly mounted on a plane, the light output in directions other than from the top may
be wasted. As the result the total illumination output is diminished and the output light
has a narrow beam angle, directed primarily in the perpendicular direction relative to the
top of the lighting element.

[0032] One or more embodiments disclosed herein maximize heat-dissipation
efficiency while minimizing wasted light, providing wide illumination beam angles, and
substantially uniform illumination intensity.

[0033] As discussed herein the distance between an LED an the central
longitudinal axis of an LED lamp refers to the shortest distance between the LED and the

central longitudinal axis of the LED lamp.
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[0034] Figure 1 is a drawing illustrating a cross-sectional side view of an
embodiment of an LED lamp 100. A lamp holder 112 is connected to an alternating
current (AC) power source (not shown) to supply power to the LED lamp 100. The lamp
holder 112 may be configured to have the same outward form as common lighting lamps,
making it easier to substitute the LED lamp 100 in for a bulb currently used for
household or other lighting applications. A substrate 108 is mechanically connected to
the lamp holder 112. An internal direct current (DC) cifcuit board 113 is placed inside
the substrate 108, and draws power from the lamp holder 112 to supply to the LED
lighting elements 101.

[0035] The substrate 108 may be a cast-formed metal module. The substrate 108,
which serves as a heat sink, may include a plurality of fins for heat dissipation. The fins
may be oriented on the sides 110 or top (not shown in Figure 1) of the LED lamp 100 to
facilitate air flow so that heat can be more effectively dissipated.

[0036] LED lighting elements 101 are installed on LED stands 102. LED stands
102 may serve as an additional heat sink and are connected to substrate 108. The
connection may be achieved through any known methods in the field which permit the
LED stand 102 to rest stably upon substrate 108. The LED stand 102 may be made from
any good heat conducting material. In an embodiment, LED stand 102 is made from the
same material as substrate 108. In another embodiment, LED stand 102 and substrate
108 are made from different materials, but both materials have adequate heat dissipation
characteristics.

[0037] ~ In an embodiment LED stand 102 is a metal frame and has a thickness of

0.5-3mm. LED lighting element 101 may be attached to the LED stand 102 in a variety



WO 2010/108305 PCT/CN2009/000927

of ways. In an embodiment, LED lighting element 101 is attached to the LED stand 102
via an adhesive paste with good heat-conducting properties (e.g., silver epoxy). This
provides good heat transfer from the LED lighting element 101 to the LED stand 102.
The LED stand 102 may serve as both a mechanical support and a heat conduit for the
LED lighting element 101. In an embodiment, the LED lighting elements 101 are bare
(i.e. without normal LED packaging apparatus such as the adhesive base, heat-dissipating
substrate, pins, or glass fixture). Using bare LED lighting elements 101 may improve
heat dissipation.

[0038] The LED stand 102 may be fixed to the substrate 108 by a screw 131.
Electrical terminals 104 are connected to a printed circuit board (PCB) 132. In an
embodiment, the PCB 132 is a circular ring-shaped PCB. The PCB 132 connects to the
internal DC supply board 113, allowing electric current to be supplied to the LED
elements 101 via the electric terminals 104.

[0039] Depending on the design considerations for the output light intensity of
the LED lamp 100, the number of LED elements 101, LED stands 102 and electric
terminal pairs 104 may be adjusted.

[0040] A transparent container 103 has a bottom 134 and sides 135 surrounding
the LED lighting element 101. The transparent container 103 can provide protection for
the LED lighting element 101. In an embodiment, the sides of the transparent container
103 are round. The transparent container 103 can be made from any transparent
materials commonly used in the art, e.g., glass, plastic or nylon. In an embodiment, the
transparent container 103 is made from transparent plastic. The transparent container 103

can be configured to provide additional reflection and refraction of light emitted from the
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LED lighting element 101. A thin sheet 133 may also be attached to a bottom surface
134 of the transparent container‘103 to reflect the light emitted by the LED lighting
element 101 to output light for the LED lamp 100. The thin sheet 133 may be a high-
gloss, shiny, thin sheet. Sheet 133 may be in silver, gold or any other color and may help
to adjust the color temperature of the LED lamp 100.

[0041] An LED lighting element 101 mounted on an elevated platform; such as
the LED stand 102, allows for more of the light output in the horizontal directions to be
turned into useful output light. An LED stand 102 can be configured to allow for the
overall beam angle of the output light to be increased (e.g., from 140 degrees to more
than 180 degrees). E.g., changing the position of the LED stands 102 on the LED lamp
100 changes the beam angle of the output light of the LED lamp 100.

[0042] The LED lamp 100 is operable to allow for multi-level heat dissipation, i.e.
dissipating heat in multiple stages. The LED stand 102 can serve as one level of heat
dissipation (or a first level heat sink) by substantially reducing the temperature of the
LED 101 through heat conduction in the LED stand 102. The substrate 108 can serve as
another level of heat dissipation (or a éecond level heat sink) by substantially reducing
the temperature of the LED throﬁgh heat conduction in the substrate 108. In other words,
the LED stand 102 provides a first stage of heat dissipation and the substrate 108
provides a second stage of heat dissipation to further lower the temperature of the LED
101. This provides greater heat dissipation efficiency. The LED stand 102 is also free
standing in the air and transfers heat to the éir around it easily, further improving heat
dissipation. Thus, the LED lamp 100 can dissipate the heat generated by the LED light

element at a plurality of levels.
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[0043] Another advantage of the two-level heat dissipation mechanism is that the
temperature of the second-level heat sink, substrate 108, may be maintained at a lower
level than the temperature of the first-level heat sink, the LED stand 102. The substrate
108 forms part of the outer surface of the LED lamp, and therefore could be touched by
users during the céurse of normal use and handling of the LED lamp. By implementing a
two level heat dissipation mechanism, the safety profile of the LED lamp may be
impr(;ved. This may help the LED lamp meet necessary safety standards for sale in the
marke?place. In an embodiment, the LED lamp 100 may be left on continuously for a
period of around a week, with the temperature of the LED stand 102 maintained around
120°C, while the substrate 108 is maintained at a lower temperature level, such as below
90°C. The difference in temperature may be varied, based on the difference in the
physical shape, the heat dissipation ability of the two heat sinks, and the proximity of
LED stand 102 to the LED lighting elements 101 generating the heat.

[0044] Figures 2A and 2B are drawings illustrating a side view and a front view
of LED stand 102. LED stand 102 may have multiple supporting legs or prongs. In an
embodiment, LED stand 102 has three supporting prongs, one for supporting LED
lighting element 101, and the other two prongs connected to two electrical terminals 104,
which supply electrical .cﬁrrent to the LED lighting element 101. The LED element 101
is mounted on the LED stand 102. There are two or more wires 120 connecting electric
terminals 104 to the LED lighting element 101. Transparent container 103 may provide
protection for the wires 120. The wires 120 may be gold wires. In an embodiment, the
transparent container 103 is filled with transparent silicon rubber 114. The transparent

container 103 and the silicon rubber 114 may help to reflect and refract the light emitted
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from the LED lighting elements 101 into many directions. A holder 105, made of non-
conductive materials, helps hold the LED stand 102, the electric terminals 104 and the
transparent container 103 in desired positions. The bottom 134 of the container 103
includes an aperture defined therethrough. The prongs of LED stand 102 are dispose;i
through the aperture and are held in place by the holder 105, e.g., in an embodiment, the
holder 105 is a stopper and the prongs are disposed through and fit snugly in the stopper.
The holder 105 is coupled to the container 103 by any mechanical coupling known in the
art or by an adhesive. The perimeter of the aperture in the bottom 134 may have a
number of profiles, including an oblong profile. In another embodiment, the bottom of
the container 103 includes three apertures defined therethrough. Each prong of the LED
stand 102 are disposed through a different aperture and are held in place by the holder
105.

[0045] The LED stand 102 may be positioned at different inclined angles. LED
lighting element 101 is mounted on the top of the central supporting prong of stand 102
and, thus, is raised above the substrate 108. The central prong of stand 102 (on top of
which the LED lighting element 101 is mounted) extends above the bottom plane of
container 103. In an embodiment, the central prong may extend 0.5 to 3 millimeters
above the bottom plane of container 103. The tops of terminals 104 may also extend
above the bottom plane of container 103. In an embodiment, the terminals 104 do not
rise above the height of the LED lighting element 101.

[0046] A thin sheet 133 may be attached to the bottom plane of the transparent

container 103. The sheet 133 may be glossy and reflective. A holder 105, made of non-
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conductive materials, may help to hold the LED stand 102, the electric terminals 104, and
the transparent container 103 in position.

[0047] Figure 3 is a drawing illustrating an LED lamp 100 with two LED stands
102 positioned at two different angles 160 and 170 defined by a line parallel to the central
axis of the LED stands 181 and a line parallel to the top surface of the substrate 182. The
LED stands 102 may be fixed to the substrate 108 by a screw 131. In an embodiment,
“angles 160 and 170 are both within the range of 10° to 80° relative to line 182. Line 182
is perpendicular to the longitudinal axis 150 of the LED lamp. Mounting the LED
elements 101 on stands 102 oriented at different angles may allow the LED lamp 100 to
provide a wider scope of light coverage and a wider beam angle for the output light.
[0048] Figure 3 also illustrates the internal electrical connections of the LED
lamp 100 of the present disclosure. A DC circuit board 113 may be installed in the
internal cavity of the LED lamp 100. The DC circuit board 113 may be a PCB and would
include an AC to DC converter. Such AC to DC converters are well known in the field.
The DC circuit board 113 also includes a current-control part (not shown in Figure 3) for
each LED lighting element. The input terminal of the converter connects with the lamp
holder 112 by a conducting wire 119 in order to receive an input AC current. The output
terminal of the coriverter provides DC current to LED lighting elements 101 through a
DC wire 118, power distribution PCB 132, and then through the terminals 104 and the
bonding wires (not shown in Figure 3). Two DC wires 118 connect with the PCB 132,
which provides power to thé electrical terminals 104 of the LED stands.

[0049] Figure 4 is a drawing illustrating a top-down view of an embodiment of

an LED lamp 100. The LED stands 102 are fixed to the substrate 108 by a screw 131.
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Substrate 108 has fins 111 for improved heat dissipation as discussed above. Electrical
terminals 104 are connected to a printed circuit board (PCB) 132. In the illustrated
embodiment, the PCB 132 is a circular ring-shaped PCB. The PCB 132 allows electric
current to be sqpplied to the LED elements 101 via the electric terminals 104. LED
lighting elements 101 on the LED stands 102 and 102’ are located on circles of different
radii around the longitudinal axis 150 of the lamp 100. In other words, the distance
‘ between the LED lighting elements on the LED stands102 and the longitudinal axis 150
is greater than the distance between LED lighting elements on the LED stands 102’ and
the longitudinal axis 150. Further, the inclination angle of the LED stand 102’ is greater
than the inclination angle of the LED stands 102.
[0050] In an embodiment, the positioning and orientation of the LED stands 102
are arranged in such a manner that each stand has a different inclination angle and
different distance to the longitudinal axis 150 than the stands adjacent to it, but any two
stands separated by one stand in between may have the same inclination angle and the
same distance to the longitudinal axis 150, resulting in two levels of LED placement. Le.,
the LEDs are placed in an alternating manner with a first set of LED lighting elements all
at one orientation angle (comprising the first level) and a second set of LED lighting
elements all at a second orientation angle (comprising a second level). As a result of
such positioning, an LED lighting element on one LED stand is at a different radius and
has a different inclination angle from the LED lighting element on an adjacent LED stand.
This arrangement results in light emitted from one LED element being at an angle
different from that of light emitted from adjacent LED elements, which provides better

illumination uniformity, enhances the average illumination intensity, and expands the
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overall illumination beam angle. Persons skilled in the art will recognize that the pattern
may be varied. For example, the pattern may be a three-level pattern or a one-level
pattern. Any number of levels can be used. The pattern may be irregular instead of
alternating. In another embodiment, all the stands may be located the same distance from
the longitudinal axis 150 but have different orientation angles, or vice versa. In another
embodiment, the LED stands at a particular level do not have to be all at the same
orientation angle. The pattern in which the LED stands 102 are positioned can be made
as simple or as complex as neces;sary in order to meet output light requirements.

[0051] Figure 5 is a drawing illustrating a top-down view of the electrical
connections of an LED lamp 100. The LED lighting element 101 is connected to two
power wire electric terminals 104 by two thin bonding wires 120 in order to draw power.
The bonding wires 120 are preferably commonly available wires. The LED wire
interfaces 104 may be metal conductors embedded in an insulating material and are
electrically insulated from the substrate.

[0052] Figure 6 is a drawing illustrating a cross sectional view of an embodiment
of an LED lamp 200. A lamp holder 212 is connected to an alternating current (AC)
power source to supply power to the LED lamp. The lamp holder 212 may be of the
same outward form as common lighting lamps, making it easier to substitute the LED
lamp in for bulbs currently used for household or other lighting applications. Substrate
208 is mechanically connected to the lamp holder 212. An internal direct circuit (DC)
board 213 is inside the substrate 208, and draws power from the lamp holder 212 to

supply to the LED lighting elements 201. Electrical terminals 204 are connected to wires
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220 which are connected to LED 201. In an embodiment, the wires 220 are tiny gold
wires.

[0053] Substrate 208 may be a cast-formed metal module. In an embodiment, an
additional support structure 207, which may serve as an additional heat sink, is connected
to substrate 208 through interface 206. The connection may be achieved through any
known methods in the field that enable support 207 to rest solidly and stably on top of
substrate 208, and to enable heat to be conducted efficiently from LED lighting elements
201 to substrate 208. In an embodiment, support 207 is made from the same material as
the substrate 208, and is connected with a mechanical connection (e.g., a scfew). In
another embodiment, support 207 is made from a different material than the substrate 208,
but both materials have sufficient heat dissipation characteristics.

[0054] Support 207 includes a plurality of inclined planes, of which inclined
planes 215 and 215’ shown in the drawing are examples. The inclined planes may be
formed through mechanical machining technology. The inclined planes may also be
coated, e.g., by electroplating, to increase reflectivity. Increasing reflectively of the
planes improves the ability of the LED lamp to turn substantially all available output light
from LED lighting elements into useful output light. Mechanical machining and
electroplating may be achieved using known methods in this field.

[0055] LED lighting elements 201 are installed on some or all of the inclined
planes 215. In an embodiment, LED lighting element 201 is installed on a stand 202
which forms a raised platform above the inclined plane 215. Stand 202 may serve both
as a mechanical support and a heat conduit for the LED lighting element 201. The use of

such a stand may improve the illumination beam angle and illumination intensity of the
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output light from the LED lighting element 201. In an embodiment, the LED lighting
elements 201 are bare (i.e. without normal packaging such as the adhesive base, heat-
dissipating substrate, pins, or a glass fixture). Such bare LED lighting elements 201 may
be attached to their respective stands 202 using a heat conducting adhesive. Using bare
LED lighting elements 201 may improve heat dissipation. Depending on the
requirements for the output light of the LED lamp, the number of inclined planes 215 on
support 207 may be adjusted. The number of LED stands 202 on each plane 215 may
also be adjusted and each LED stand 202 may hold zero or one LED lighting element 201.
The LED stands 202 may be placed anywhere on the inclined planes. In an embodiment,
each plane has one LED stand and each LED stand has one LED lighting element 201. In
another embodiment, support 207 has eight inclined planes 215, and each inclined plane
215 has one LED lighting element 201.

[0056] LED lighting elements 201 may be mounted on stands 202 and, thus, are
raised above the inclined plane 215. Most LED lighting elements emit light not only
from the top of the element, but also from the sides, and if an LED lighting element is
directly mounted on a plane, the light output from the sides cannot be effectively used.
The total illumination output may be diminished and the output light may have a narrow
beam angle, or the range of angular degrees for which a lamp can produces light, directed
primarily in the perpendicular direction relative to the top of the lighting element. When
an LED lighting element 201 is mounted on a raised platform, however, such as on stand
202, the light output from the sides may be turned into useful output light and the LED
lamp 200 may have a wider beam angle. In an embodiment, the LED lamp 200 contains

LED lighting elements 201 mounted on stands 202 of a height between 0.5 and 3 mm and
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has a beam angle of greater than 180°. The height of the stand 202 may be adjusted
depending on the specifications. In another embodiment, using a stand 202 may increase
total light output by 30% and increase the overall beam angle to more than 220°.

[0057] The electrical terminals 204 are disposed through a bore (not shown)
centrally defined through a stopper or holder 205. The holder 205 is disposed in a
recessed area 217 of the inclined planes 215. The holder 205 has dimensions that
conform to the dimensions of the recessed area 217 such that the holder 205 is securely
fit in the top of the recessed area 217. The bottom wall of the recessed area 217 includes
a hole 214 defined therethrough, and the hole 214 is aligned with the bore of the holder
205. The alignment of the hole 214 and the bore of the holder 205 allows the electrical
terminals 204 to be disposed through.the hole 214. As such, the electrical terminals 204
do not touch the recessed area 217 of the inclined plane 215, but instead are disposed
inside the hole in the bottom of the recessed area 217 without touching the sides of the
recessed area. The holder 205 provides electrical insulation for the electrical terminals
204 from the inclined plane 215. Wires 220 connect the top of the electrical terminals to
the LED lighting element 201. The bottom of the electrical terminals 204 connect to the
PCB 213 inside the substrate 208 (as discussed in reference to Figure 9).

[0058] In an embodiment, a transparent cover 203 is provided for each lighting
element 201. The transparent cover 203 may be made of any materials known in the art
(e.g., glass, plastic or nylon). The cover 203 can serve to protect the lighting element 201,
its stand 202 and other components, such as wires for electrical connections. In an
embodiment, the transparent cover 203 is filled with transparent silicon rubber. The

silicon rubber may help reflect and refract light from the LED elements 201 into many
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directions to provide wider light coverage. In an embodiment, transparent cover 203
includes a slot 250 to allow for air circulation within the transparent cover 203. The air
circulation may serve to cool the LED elements 201.
[0059] - In an embodiment, a multi-level heat dissipation mechanism is disclosed,
“i.e. dissipation of heat in multiple stages. Support 207 serves as the first level mechanism
(or a first level heat sink) for heat dissipation and substrate 208 serves as the second level
mechanism (or as a second level heat sink) for heat dissipation, providing greater heat
dissipation efficacy for the LED lamp 200. In other words, the LED support 207
provides a first stage of heat dissipation and the substrate 208 provides a second stage of
heat dissipation to further lower the temperature of the LED elements 201. In an
embodiment, there is a gap between the inclined planes 215 of support 207 and the
substrate 208, through which air can flow, further improving heat dissipation from the
LED lighting elements 201. Thus, the LED lamp 200 can dissipate the heat generated by
the LED light element at a plurality of levels.
[0060] The two-level heat dissipation mechanism discussed above may also allow
for the temperature of the second level heat sink, substrate 208, to be maintained at a
lower level than the temperature of the first level heat sink, support 207. Substrate 208
forms part of the outer surface of the LED lamp, and therefore may be touched by users
of the lamp. Maintaining a lower temperature for substrate 208 so that users will not be
harmed when touching it, may improve the safety profile of the LED lamp 200. In an
embodiment, even after the lamp has been on continuously for a period of around a week,
support 207 is at a temperature of around 80°C -120°C, while substrate 208 is maintained

at a lower temperature level, below 90°C. Even after such period of time, there is a
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temperature differential between support 207 and substrate 208 of about 25°C, because of
the difference in physical shape between the two heat sinks, and because support 207 is
closer to the LED lighting elements that are generating the heat.

[0061] Figure 7 is a three dimensional view of an LED lamp 200. The inclined
planes 215, 215’ of support 207 are radially distributed around the longitudinal axis 260
of the LED lamp 200, and may have varying inclination angles (shown in Fi.gure 9). In
an embodiment, the inclined planes 215, 215’ are arranged as two “levels” of inclined
planes. In the first level, every other inclined plane 215 is positioned at a first distance
272 from the longitudinal axis 260 and are positioned at a first inclination angle (shown
in Figure 9). In the second level, the remaining inclined pianes 215’ are positioned at a
second distance 274 from the longitudinal axis 260 and are positioned at a second
inclination angle (shown in Figure 9). This arrangement will be explained in further
detail in connection with Figures 8 and 9 below.

[0062] The substrate 208, which serves as a heat sink, includes a plurality of fins
210, 211 for heat dissipation. The fins may be oriented on the top 210 or on the sides 211
of the LED lamp substrate 208 to facilitate air flow so that heat can be more effectively
dissipated. In an embodiment, a transparent cover 203 is provided for each lighting
element. Transparent cover 203 may include a slot 250 to allow for air flow within the 4
transparent cover 203.

[0063] Figure 8 is a drawing illustrating a top-down view of an embodiment of
an LED lamp 200. The LED lighting elements 201 on the inclined planes 215 and 215’
may be located on circles 280 and 282, which are of different radii. In other words, the

distance 272 between the LED lighting elements 201 on inclined plane 215’ and the
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longitudinal axis (shown in Figures 7 and 9) may be different than the distance 274
between LED lighting elements on inclined plane 215 and the longitudinal axis (shown in
Figures 7 and 9). In an embodiment, the inclined planes 215, 215 are located at different
distances from the central axis. In another embodiment, the inclined planes 215, 215’ are
located the same distance from the central axis, but are positioned at different inclination
angles (shown in Figure 9). The inclination angle‘ of the inclined plane 215’ may be
greater than the inclination angle of the inclined plane 215. In an embodiment, the
inclined planes 215, 215° of the two levels are positioned around the longitudinal axis
(shown in Figures 7 and 9) in an interleaved manner, i.e. an LED lighting element 201 on
one inclined plane 215 is located at a different radii and has a different inclination from
an LED lighting element 201 on an adjacent inclined plane 215°. This arrangement of
light emitted with varying light angles from adjacent inclined plans provides adequate
illumination uniformity, enhances the average illumination intensity, and expands the
overall illumination beam angle.

[0064] Electrical terminals 204 are connected to the LED lighting element 201,
providing power. A holder 205 (discussed above in relation to Figure 6), made of non-
conductive materials, helps hold the LED stand 202 and the electric terminals 204 in
position.

[0065] Figure 9 is a drawing illustrating the internal electrical connections of an
LED lamp 200. A DC circuit board 216 may be installed in the internal cavity of the
LED lamp 200. The DC circuit board 216 may be a printed circuit board including an
AC to DC converter. Such AC to DC converters are well known in the field. The DC

circuit board 216 also includes a current-control part (not shown in Figure 9) for each
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LED lighting element. The input terminal of the converter connects with the lamp holder
212 by a conducting wire 219 in order to receive an input AC current. The output
terminal of the converter provides DC current to LED lighting elements 201 through a
DC wire 218 and through a power wire interfaces 204 and bonding wires 220. Two DC
wires 218 connect with a PCB, which provides power to the electrical terminals 204. A
PCB 216 distributes power to the LED light elements.

[0066] Figure 9 also illustrates the inclination angles 262 and 264 of inclined
planes 215 and 215°. The inclination angles 262, 264 are the angles between a line 266
perpendicular to the longitudinal axis 260 of the LED lamp 200 and a line 268 parallel to
the inclined plane 215. In an embodiment, inclination angle 262 of the first level of
inclined planes are within the range of 10° to 80°. The inclination angle 264 of the
second level of inclined planes may be set at a range between 10° and 80°, 20° and 70°,
or 15° and 6-O° etc.

[0067] Figure 10 illustrates the electrical installation of the LED lighting
elements under transparent cover 203 (shown in Figures 6 and 7). LED lighting elements
201 are connected to two power wire interfaces 204 by two thin bonding wires 220 in
order to draw power. The bonding wires 220 may be preferably commonly available
wires. The LED wire interfaces 204 may be small metal rods embedded in an insulating
material 205 and are electrically insulated from the substrate 208 (shown in Figures 6 and
7).

[0068] Figure 11 is a drawing illustrating a side view of an embodiment of an
LED lamp 300. A lamp holder 312 is connected to an alternating current (AC) power

source to supply power to the LED lamp 300. The lamp holder 312 may be of the same
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outward form as common lighting lamps, making it easier to substitute the LED lamp in
for a bulb currently used for household or other lighting applications. A substrate 308 is
mechanically connected to the lamp holder 312. An internal direct current (DC) circuit
board 313 is placed inside the substrate 308, and draws power from the lamp holder 312
to supply to the LED lighting elements 301.

[0069] The substrate 308 may be a cast-formed metal module. The substrate 308,
which serves as a heat sink, may include a plurality of fins 310 for heat dissipation. The
fins may be oriented on the sides 310 or top (not shown in Figure 11) of the LED lamp
300 to facilitate air flow so that heat may be more effectively dissipated.

[0070] LED lighting elements 301 are installed on LED stands 302. The LED
stands 302 may serve as an additional heat sink and are connected to substrate 308. A
holder 305, made of non-conductive materials, helps hold the LED stand 302 and a
reflective container 303 in position. In an embodiment, the LED stand 302 is fixed to the
substrate 308 by placing it in a slot defined in the substrate 308 (not shown) which is
made to accommodate the LED stand 302. A metal plate 333 is placed on the top side of
the substrate 308 so that it keeps the LED stand 302 in good contact with the substrate
308. The metal plate 333 is secured by screw 331. LED stands 302 may be placed at
different inclination angles 354, 356 with respect to the horizontal axis 350 parallel to the
top surface of the substrate 308. The horizontal axis 350 is perpendicular to the
longitudinal axis 360 of the LED lamp 300. The inclination angles 354, 356 are the
angles between the horizontal axis 350 and a central axis 352 of the LED stand 302. The
LED stand 302 may be made from any good heat conducting material. In an embodiment,

LED stand 302 is made from the same material as substrate 308. In another embodiment,
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LED stand 302 is made from a different material as substrate 308, but both materials have
good heat dissipation characteristics. The stand 302 may be positioned at a plurality of
inclined angles 354, 356.

[0071] A container 303 cups around LED lighting element 301, which may
provide protection for the LED lighting element 301 and the wiring. The interior of
container 303 may be coated with a high gloss, reflective coating. The container 303
may be made from any materials commonly used in the art, and in an embodiment is
made from plastic or nylon. In an embodiment, reflective container 303 is coated with a
high gloss reflective coating. The reflective coating of container 303 may help to reflect
and refract the light that is emitted from the LED lighting element 301 into usable output
light. A holder 305 helps hold the LED stand 302, the electric terminals 304 and the
reflective container 303 in their desired positions. The bottom of the container 303
includes an aperture defined therethrough. The prongs of LED stand 302 are disposed
through the aperture and are held in place by the holder 305, e.g., in an embodiment, the
holder 305 is a stopper and the prongs are disposed through and fit snugly in the stopper.
The holder 305 is coupled to the container 303 by any mechanical coupling known in the
art or by an adhesive. The perimeter of the aperture in the bottom of the container 303
may have a number of profiles, including an oblong profile. In another embodiment, the
bottom of the container 303 includes three apertures defined therethrough. Each prong of
the LED stand 302 are disposed through a different aperture and are held in place by the
holder 305.

[0072] The LED stands 302 may be positioned in any pattern. In an embodiment,

as shown in Figure 1, two LED stands 302 and 302’ are positioned at two different angles
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356, 354, both within the range of 10° to 80° relative to the horizontal axis 350. Having
the LED elements 301 mounted on the stands oriented at different angles allows the LED
lamp 300 to provide a wider scope of light coverage.

[0073] Figure 12 is a drawing illustrating two LED stands 302, reflective
containers 303, and the position of the LED lighting elements 301 and electrical terminals
304. The LED element 301 is mounted on the LED stand 302. Wires 320 connect
electric terminals 304 to the LED lighting element 301. The wires 320 may be gold wires.
[0074] In an embodiment, the LED stand 302 is a metal frame, with a thickness of
0.5-3mm. The LED stand 302 has three components, one component 306 for supporting
LED lighting element 301, and the other two compdnents 304 comprising electrical
terminals 304, which supply electrical current to the LED lighting element 301. LED
" lighting element 301 is attached to the LED stand 302, and in an embodiment, is attached
to the LED stand 302 via an adhesive paste with good heat-conducting properties, e.g.
silver epoxy. This may provide good heat transfer from the LED lighting element 301 to
the LED stand 302. Therefore, the LED stand 302 may serve as both a mechanical
support and a heat conduit for the LED lighting element 301. In an embodiment, the
LED lighting elements 301 are bare (i.e. without normal LED packaging apparatus such
as the adhesive base, heat-dissipating substrate, pins, or glass fixture). Depending on the
requirements on the output light intensity of the LED lamp, the number of LED elements
301, LED stands 302, and electric terminals 304 may be adjusted.

[0075] The LED lighting element 301 is mounted on the stand 302 and, thus, is
raised above the substrate (shown in Figure 11). The central supporting component of

stand 302 (on top of which the LED lighting element 301 is mounted) may extend above
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the bottom of reflective container 303. In an embodiment, the central component may
extend 0.5 to 3 millimeters above the bottom of reflective container 303. The terminals
304 may also rise above the bottom plane of reflective container 303. In an embodiment,
the terminals 304 do not rise above the height of the LED lighting element 301.

[0076] A holder 305, made of non-conductive materials, helps hold the LED
stand 302, the electric terminals 304 and the reflective container 303 in position. The
LED stand 302 and two electric terminals 304, one positive terminal and one negative
terminal, form a LED emitting unit (shown more clearly in Figure 13). The positive
electrical terminal of one LED emitting unit is connected with the negative terminal of an
adjacent LED emitting unit. Thus, the LED emitting units are connected in series. The
ends of the series connected LED emitting units connects to an internal DC supply board
(shown in Figure 14) via wires, so electric current may be supplied to the LED elements
301 via the electric terminals 304.

[0077] Figure 13 is a drawing illustrating a series of LED emitting units 340
which are connected in series and ultimately connected to the electricity supply wire 318.

[0078] Figure 14 illustrates the internal electrical connections of an embodiment
of the LED lamp 300. A DC circuit board 313 may be installed in the internal cavity of
the LED lamp 300. The DC circuit board 313 may be a PCB and would include an AC to
DC converter. Such AC to DC converters are well known in the field. The DC circuit
board 313 also includes a current-control part (not shown in Figure 14) for each LED
lighting element 301. The input terminal of the converter connects with the lamp holder
312 by a conducting wire 319 in order to receive an input AC current. The output

terminal of the converter provides DC current to LED lighting elements 301 through DC
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wires 318, which connect to the ends of the series of LED emitting units. A holder 305,
made of non-conductive materials, helps hold the LED stand 302, the electric terminals
(not shown in Figure 14), and the reflective cup 303 in position. A metal plate 333 is
placed on the top side of the substrate 308 so that it keeps the LED stand 302 in good
contact with the substrate 308. The metal plate 333 is secured by screw 331.

[0079] Figure 15 is a drawing illustrating a top-down view of an embodiment of
the LED lamp 300. Electric current may be supplied to the LED elements 301 via the
electric terminals 304. The top of the substrate 308 may have fins 311 for heat
dissipation. A metal plate 333 may be placed on the top side of the substrate 308 so that
it keeps the LED stand 302 in good contact with the substrate 308. In an embodiment,
the metal plate 333 is secured by screw 331. The LED lighting elements 301 on the LED
stands 302 and 302’ are located on circles 370, 372 of different radii 374, 376 around the
longitudinal axis (shown in Figure 11) of the LED lamp 300. In an embodiment, the
distance 376 between the LED lighting elements on 302’ and the longitudinal axis is
greater than the distance 374 between LED lighting elements on 302 and the longitudinal
axis. In another embodiment, the inclination angle (shown in Figure 11) of the LED
stand 302’ is greater than the inclination angle of the inclined plane 302. 1In an
embodiment, the positioning and orientation of the LED stands 302 are arranged in such
a manner that each stand has a different inclination angle and different distance 374, 376
to the longitudinal axis (not shown) than the stands adjacent to it, but any two stands
separated by one stand in between have the same inclination angle and the same distance

374, 376 to the longitudinal axis (not shown).
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[0080] In an embodiment, LED stands 302 are placed in two levels, considering
that LED stands 302 that are at a first distance 374 to the longitudinal axis are one level
of LED stands and LED stands 302’ at a second distance 376 to the longitudinal axis are
a second level of LED stands. In an embodiment, the LED stands 302 are placed in an
alternating pattern between the two levels, with the LED stands 302 and, thus, the LED
lighting elements 301, at a first level substantially at a first orientation angle and the LED
stands 302’ and, thus, the LED lighting elements 301, at a second level substahtially ata
second orientation angle. As a result of such positioning, an LED lighting element 301
on one LED stand 302 is at a different distance 374 from the longitudinal axis (shown in
Figure 11) and has a different inclination angle (shown in Figure 11) from the LED
lighting element 301 on an adjacent LED stand 302°, which is located at a second
inclination angle and a second distance 376. This arrangement results in light emitted
from one LED element being at an angle different from that of light emitted from
adjacent LED elements, which provides adequate illumination uniformity, enhances the
average illumination intensity, and expands the overall illumination beam angle.

[0081] While Figure 15 illustrates an example of a two-level pattern for the
positioning of the LED stands 302, persons skilled in the art will recognize that the actual
pattern can be varied. For example, the pattern could include only one level. That is, all
the stands 302 may be located the same distance from the longitudinal axis. Another
embodiment may include all stands 302 located at the same distance to the longitudinal
axis, but with different orientation angles. As another example, the pattern could include

more than two levels. As a further example, the LED stands at any level do not have to
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be all at the same orientation angle. The pattern in which the LED stands 302 are
positioned may be made simple or complex to meet output light preferences.

[0082] Figure 16 is a drawing illustrating a close-up view of the electrical
installation of an LED lighting element 301. The LED lighting element 301 is connected
to two power wire electric terminals 304 by two thin bonding wires 320 in order to draw
power. The bonding wires 320 are preferably commonly available wires. The LED wire
interfaces 304 are metal conductors embedded in an insulating material 305 and are
electrically insulated from the substrate.

[0083] Consistent with other embodiments discussed herein, mounting the LED
lighting element 301 on an elevated platform, such as the central prong of LED stand 302,
may allow the light output in the horizontal directions to be turned into useful light.
[0084) In an embodiment, the LED lamp implements a two-level heat dissipation
mechanism, i.e. dissipation of heat in multiple stages. The LED stand 302 serves as a
first level mechanism for heat dissipation (or a first level heat sink) and the substrate 308
serves as a second level mechanism (or a second level heat sink). In other words, the
LED stand 302 provides a first stage of heat dissipation and the substrate 308 provides a
second stage of heat dissipation to further lower the temperature of the LED lighting
elements 301. This provides greater heat dissipation efficiency. Further, the LED stand
302 is free standing in the air and transfers heat to the air around it easily, further
improving heat dissipation. Thus, the LED lamp 300 can dissipate the heat generated by
the LED light element at a plurality of levels.

[0085] The two level heat dissipation mechanism may allow for the second level

heat sink, substrate 308, to be maintained at a lower level than the temperature of the
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first-level heat sink, the LED stand 302, which may improve the safety profile of the
LED lamp.

[0086] In an embodiment, the LED lamp 300 may be on continuously for a period
of a week and the LED stand 302 may be kept at a temperature of up to 120°C, while the
substrate 308 is maintained at a lower temperature level, below 90°C. Even after a
period of a week, there is a temperature difference between the LED stand 302 and the
substrate 308 of about 15 to 30°C.

[0087] While various embodiments in accordance with the principles disclosed
herein have been described above, it should be understood that they have been presented
by way of example only, and not limitation. Thus, the breadth and scope of the
invention(s) should not be limited by any of the above-described exemplary embodiments,
but should be defined only in accordance with any claims and their equivalents issuing
from this disclosure. Furthermore, the above advantages and features are provided in
described embodiments, but shall not limit the application of such issued claims to
processes and structures accomplishing any or all of the above advantages.

[0088] Additionally, the section headings herein are provided for consistency
with the suggestions under 37 CFR 1.77 or otherwise to provide organizational cues.
These headings shall not limit or characterize the invention(s) set out in any claims that
may issue from this disclosure. Specifically and by way of example, although the
headings refer to a “Technical Field,” the claims should not be limited by the language
chosen under this heading to describe the so-called field. Further, a description of a
technology in the “Background” is not to be construed as an admission that certain

technology is prior art to any invention(s) in this disclosure. Neither is the “Summary” to
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be considered as a characterization of the invention(s) set forth in issued claims.
Furthermore, any reference in this disclosure to “invention” in the singular should not be
used to argue that there is only a single point of novelty in this disclosure. Multiple
inventions may be set forth according to the limitations of the multiple claims issuing
from this disclosure, and such claims accordingly define the invention(s), and their
equivalents, that are protected thereby. In all instances, the scope of such claims shall be
considered on their own merits in light of this disclosure, but should not be constrained

by the headings set forth herein.
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What is claimed is:

1. An LED lamp, comprising:

a first level heat sink comprising a substrate;

a second level heat sink comprising at least one stand connected to the substrate;
and

at least one LED light element mounted on the at least one stand.
2. The LED lamp of claim 1, wherein the substrate and the at least one stand
cooperate to dissipate, at a plurality of levels, heat generated by the LED light element.
3. The LED lamp of claim 1, wherein the at least one stand comprises at least one
prong, and further wherein the at least one LED light element is mounted on the at least
one prong.
4. The LED lamp of claim 2, wherein the at least one LED light element is in an
elevated ppsition relative to the position of the substrate.
5. The LED lamp of claim 4, further comprising a container, wherein a bottom wall
of the container comprises an aperture defined therethrough, and the at least one stand is
disposed through the aperture of the bottom wall of the container, and further wherein the
a surface of the bottom wall of the container is light-reflective, and further wherein the
LED light element is in an elevated position relative to the bottom wall of the container.
6. The LED lamp of claim 1, further comprising:

a container, wherein a bottom wall of the container comprises an aperture defined
therethrough, and the at least one stand is disposed through the aperture; and

a holder coupling the at least one stand to the container;
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wherein the container comprises a recessed area defined by the bottom wall and at
least one sidewall, and further wherein the at least one sidewall of the container
substantially encircles a top portion of the at least one stand and the at least one LED
light element.
7. The LED lamp of claim 6, wherein the at least one sidewall of the container is
substantially transparent.
8. The LED lamp of claim 6, wherein the container is made of a plastic material.
9. The LED lamp of claim 6, wherein the recessed area of the container is
substantially filled with transparent silicon rubber.
10.  The LED lamp of claim 6, further comprising a glossy sheet laminated to a
surface of the bottom wall of the container, wherein the glossy sheet is operable to reflect
or refract light emitted from the LED light element.
11.  The LED lamp of claim 10, wherein the sheet is colored.
12.  The LED lamp of claim 1, wherein the at least one LED light element is coupled
to the at least one stand by. an adhesive.
13.  The LED lamp of claim 1, wherein the at least one stand comprises a central
longitudinal prong and two side longitudinal prongs, and further wherein the at least one
LED light element is mounted on an end portion of the central longitudinal prong and the
two side longitudinal prongs are connected to electrical terminals, the electrical terminals
operable to provide current to the at least one LED light element.
14.  The LED lamp of claim 1, wherein the at least one LED light element comprises
first and second LED light elements and the at least one stand comprises first and second

stands, the first LED light element being mounted on the first stand and the second LED

31



WO 2010/108305 PCT/CN2009/000927

light element being mounted on the second stand, the first and second stands each
comprising a central axis; and further wherein the first stand is oriented at a different
inclination angle than the second stand, the inclination angles of the; first and second
stands comprising an angle defined by a plane perpendicular to a longitudinal axis of the
LED lamp and the céntral axes of the first and second stands, respectively.

15.  The LED lamp of claim 1, wherein the at least one stand comprises a plurality of
stands, the plurality of stands being arranged in a pattern and each having a central axis,
the pattern comprising an alternating two-level pattern such that adjacent stands of the
plurality of stands have different inclination angles and are oriented at a different distance
from a longitudinal axis of the LED lamp, and wherein every other stand of the plurality
of stands have the same inclination angles and are oriented at a same distance from the
longitudinal axis of the LED lamp, the inclination angles of the plurality of stands each
comprising an angle defined by the central axis of each of the plurality of stands and a
plane perpendicular to a longitudinal axis of the LED lamp.

16.  The LED lamp of claim 1, further comprising a lamp holder connected to the
substrate, the lamp holder being connected to an alternating current power source and
operable to supply power to the LED lamp.

17.  The LED lamp of claim 1, wherein the substrate is a cast-formed metal module.
18.  The LED lamp of claim 1, wherein the substrate includes a plurality of fins.

19.  The LED lamp of claim 1, wherein the substrate comprises part of an outer

surface of the LED lamp.
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20.  The LED lamp of claim 19, wherein the substrate is maintained at a lower
temperature than the at least one stand and wherein the at least one stand provides a first
level of heat dissipation for the at least one LED light element.
21.  The LED lamp of claim 19, wherein the substrate is maintained a temperature that
does not cause physical injury when touched.
22.  The LED lamp of claim 19, wherein the substrate is maintained at a temperature
below 90 degrees Celsius.
23.  An LED lamp, comprising:

at least one LED element, the at least one LED element operable to emit light;

a substrate; and

at least one stand, wherein the stand is connected to the substrate, and further
wherein the LED element is mounted the at least one stand, and further wherein the stand
is operable to raise the LED element above a top surface of the substrate.
24.  The LED lamp of claim 23, further comprising a container, whereﬁn a bottom wall
of the container comprises an aperture defined therethrough, and the at least one stand is
disposed through the aperture of the bottom wall of the container, and further wherein the
a surface of the bottom wall of the container is light-reflective, and further wherein the
LED light element is in an elevated position relative to the bottom wall of the container.
25.  An LED lamp comprising:

at least one LED light element;

a first level heat sink comprising an LED support, wherein the at least one LED

light element is mounted on the LED support; and
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a second level heat sink comprising a substrate, wherein the LED support is
connected to the substrate.
26.  The LED lamp of claim 25, wherein the substrate and the at least one stand
cooperate to dissipate, at a plurality of levels, heat generated by the LED light element.
27.  The LED lamp of claim 25, wherein the first level heat sink is made of a first
material and further wherein the second level heat sink is made of a secqnd material, and
further wherein the first material and the second material comprise substantially the same
material.
28.  The LED lamp of claim 25, wherein wherein the first level heat sink is made of a
first material and further wherein the second level heat sink is made of a second material,
and further wherein the first material and the second material comprise different materials.
29.  The LED lamp of claim 25, wherein the at least one LED light element is a bare
LED without packaging.
30.  The LED lamp of claim 25, wherein the LED support and the substrate are made
from the same material.
31.  The LED lamp of claim 25, wherein the LED support comprises at least one
inclined plane.
32.  The LED lamp of claim 31, further comprising:

two electrical terminals; and

a holder disposed in a top portion of a recessed area of the inclined plane, the

holder comprising at least one bore centrally defined therethrough;
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wherein a bottom wall of the recessed area of the inclined plane comprises a hole defined
therethrough, and the hole of the recessed area is aligned with the bore of the holder; and
further wherein the two electrical terminals are disposed through the bore of the holder
and the hole of the recessed area such that the two electrical terminals are electrically
isolated from the inclined plane.

33.  The LED lamp of claim 31, wherein the at least one inclined planes comprises a
plurality of inclined planes arranged in an alternating two-level pattern, wherein adjacent
inclined planes of the plurality of inclined planes have different inclination angles and are
oriented at different distances from a longitudinal axis of the LED lamp, and wherein -
every other inclined planes of the plurality of inclined planes have the same inclination
angles and are oriented at a same distance from the longitudinal axis of the LED lamp,
the inclination angles of the plurality of incline planes each comprising an angle between
a plane defined by a top surface of the support and a plane defined by each of the
plurality of incline planes.

34.  The LED lamp of claim 31, wherein the at least one LED light element is
mounted on the at least one inclined plane.

35.  The LED lamp of claim 31, wherein the at least one inclined plane is electroplated.
36.  The LED lamp of claim 31, further comprising at least one stand disposed on the
at least one inclined plane, wherein the at least one LED light element is mounted on the .
at least one stand.

37.  The LED lamp of claim 36, wherein the at least one stand comprises a plurality of
stands and wherein one stand is mounted on each of the at least one inclined planes.

38.  The LED lamp of claim 36, wherein the at least one stand is made of metal.
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39.  The LED lamp of claim 36, wherein the at least one LED light element is attached
to the at least one stand via an adhesive.

40.  The LED lamp of claim 36, wherein the at least one stand is disposed on a top
surface of the at least one inclined plane such that the at least one LED light element is
elevated above the at least one inclined plane,.

41.  The LED lamp of claim 40, further comprising at least one cover disposed over
the at least one LED light element and the at least one stand, wherein the at least one
cover is connected to the at least one inclined plane.

42.  The LED lamp of claim 41, wherein the at least one cover comprises a plurality of
covers, and wherein one cover is positioned over each of the at least one LED light
elements and the at least one stands.

43.  The LED lamp of claim 41, wherein the at least one cover comprises at least one
slot defined therethrough, the slot operable to allow air circulation within the at least one
cover.

44.  The LED lamp of claim 41, wherein the at least one cover is substantially
transparent.

45.  The LED lamp of claim 25, wherein the LED support and the substrate are spaced
apart by a distance.

46.  The LED lamp of claim 25, wherein the substrate is maintained at a lower
temperature than the LED support.

47.  The LED lamp of claim 25, wherein the substrate comprises a plurality of fins.

48.  The LED lamp of claim 25, wherein the substrate is a cast-formed metal module.
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49.  The LED lamp of claim 25, wherein the substrate is maintained a temperature
below 90 degrees Celsius.
50.  An LED lamp, comprising:

at least one LED emitting unit, the at least one LED emitting unit comprising:

an LED stand; and
two electrical terminals;

at least one LED light element mounted on the LED stand; and

a substrate comprising at least one slot defined therein, wherein a bottom portion
of the LED stand of the at least one LED emitting unit is inserted into the slot.
51.  The LED lamp of claim 50, wherein the substrate and the at least one LED
emitting unit cooperate to dissipate heat at a plurality of levels, such that the at least one
LED emitting unit is operable to provide a first level of heat dissipation for the at least
one LED light element and the substrate is operable to provide a second level of heat
dissipation for the at least one LED light element.
52.  The LED lamp of claim 50, further comprising a metal plate positioned on top of
the substrate, wherein the metal plate is operable to hold the stand in a desired orientation.
53.  The LED lamp of claim 50, wherein the substrate comprises a plurality of fins.
54.  The LED lamp of claim 50, further comprising a lamp holder connected to an
alternating current power source and operable to supply power to the LED lamp, wherein
the substrate is connected to the lamp holder.
55.  The LED lamp of claim 50, wherein one LED light element is disposed on the
LED stand of the at least one LED emitting unit.

56.  The LED lamp of claim 50, wherein the substrate is a cast-formed metal module. -
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57.  The LED lamp of claim 50, further comprising:

a reflective container, wherein a curved bottom wall of the container comprises an
aperture defined therethrough, and a prong of the LED stand of the at least one LED
emitting unit is disposed through the aperture; and

a holder coupling the LED stand of the at least one LED emitting unit to the
container;

and wherein the container comprises a recessed area defined by the curved bottom
wall and at least one sidewall, and further wherein the at least one side wall of the
container substantially encircles a top portion of the LED stand of the at least one LED
emitting unit and the at least one LED light element.

58.  The LED lamp of claim 57, wherein the reflective container comprises a cup-like
container.

59.  The LED lamp of claim 57, wherein the reflective container is made of plastic.
60.  The LED lamp of claim 57, wherein an interior surface of the reflective container
is electroplated.

61.  The LED lamp of claim 50, wherein the LED stand and the substrate are made
from the same material.

62.  The LED lamp of claim 50, wherein a first LED stand of a first LED emitting
unit is oriented at a first inclination angle and a second stand of a second LED emitting
unit is oriented at a second inclination angle, wherein the first and second inclination
angles comprise angles defined by a plane perpendicular to a longitudinal axis of the

LED lamp and the central axes of the first and second LED stands, respectively..
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63.  The LED lamp of claim 62, wherein the first inclination angle and the second
inclination angle are different.

64.  The LED lamp of claim 62, wherein the at least one LED emitting unit are
arranged in an alternating two-level pattern, wherein the LED stands of adjacent units of
the at least one LED emitting unit have different inclination angles and are oriented at a
different distance from the longitudinal axis of the LED lamp, and wherein the LED
stands of every other units of the at least one LED emitting unit have the same inclination
angles and are oriented a same distance form the longitudinal axis of the LED lamp
pattern.

65.  The LED lamp of claim 50, wherein the LED stand is made of metal.

66.  The LED lamp of claim 50, wherein the at least one LED light element is a bare
LED without packaging.

67.  The LED lamp of claim 50, wherein the at least one LED light element is attached
to the LED stand of the at least one LED emitting unit via an adhesive.

68.  The LED lamp of claim 50, wherein the LED stand of the at least one LED
emitting unit is operable to elevate the at least one LED light element above the substrate.
69.  The LED lamp of claim 68, further comprising a reflective container, wherein the
stand of the at least one LED light emitting unit is disposed through an aperture defined
in a bottom wall of the reflective container, and wherein the LED light element is in an
elevated position relative to the bottom wall of the reflective container.

70.  The LED lamp of claim 50, wherein each of the at least one LED emitting unit is

connected in series to an adjacent LED emitting unit of the at least one LED emitting unit,
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thereby forming a series connected LED emitting chain, and further wherein ends of the
series connected LED emitting chain are connected to an internal DC supply board.

71.  The LED lamp of claim 50, wherein the substrate comprises a portion of an outer
surface of the LED lamp.

72.  The LED lamp of claim 71, wherein the substrate is maintained at a lower
temperature than the at least one LED emitting unit and wherein the at least one LED
emitting unit provides a first level of heat dissipation for the at least one LED light

element.

40



WO 2010/108305

PCT/CN2009/000927

j /
110
: 112
7
FIG. 1
114
02\ ) 0
oI FENY T
105 D s
~-102
o

FIG. 2B



WO 2010/108305 . PCT/CN2009/000927

2/9
1% 150
100 101 4 181
“~ | 101
| 160
102
170 131 !132 102 104
182~ 1, 1047 1IN 17 n>_//
108\/>—-—/ { 1 \—L\
118
182
OpgoO
O O
0 110
113
119
119
112
17




PCT/CN2009/000927

103



WO 2010/108305

200

PCT/CN2009/000927

200
/

203

S
Al e
\ m oo q RN
O AN N .
N N
N~
™
oY
<
[Yp] H
— 4 o~ T - --
o < )
N ’
N~
I~ O
NEIt s N
l3p)
0 ’ LL
w0 o1 ~
S N
~ 1
U
\ <r
q_ ~—
(V)
M~ eemm————eee——
— O\
N

220 —{4
215




PCT/CN2009/000927

WO 2010/108305

& DIH
6 ‘DIA 1z
612 50z
612 - Ly
. [e)
% h v02 "2 MM\ 282
| — |
¥ v02 7 092 )
10¢ 082
5 0O .
= s 202
)= o
O U o
892
~N \/EN >
292 : 2 Glz
( T~G12
Gz ob 102
0z .
/ 4 _ 002
99¢ v0c S @@m
09¢~1



WO 2010/108305 PCT/CN2009/000927

6/9
204
205
~
©
201
O
220
204
FIG. 10
300
\‘
I
331
356 302" 333 '
\
SN
— 313 °©

310




WO 2010/108305 PCT/CN2009/000927

7/9
320\396 304 3%0
\ \
O\ / 306 N 301 // 203
e L LEDS 304
1YY 1 1 3 0 5
302 % \,\/ \ 304 U0y
304 ) RN
306 304 306
FIG. 12
CONNECT TO ELECTRICITY
SUPPLY WIRE 318

340




WO 2010/108305 PCT/CN2009/000927

8/9
300 302
N 303
331 30 301
333
N4
\ : 308
/ E \/318
OO
O o
]
313

319
319

312

FIG. 14



WO 2010/108305 PCT/CN2009/000927




International application No.

PCT/CN2009,/000927

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC:F21

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

(WPI, EPODOC, CPRS: LED?, DIOD+, STAND+, BRACKET+, COLUMN+, POL+, STALK+, PRONG+, STICK+,
CONVEX+, ROD+, BAR+, RAIS+, HIGH+, LOW+, HEIGH+ RIS+, FALL+, DEPRESS+ DOWN+, REDUCH,
STAGE+ [ EVEL+ RANK+ GRAD+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN201003736 Y (YUAN, Jingyu) 09 Jan. 2008(09.01.2008) pages 1-2, figs.1-3 1-22,25-35,45-67,69-72
A 23,24,36-44, 68
A CN1811264 A (OSRAM SYLVANIA INC) 02 Aug. 2006(02.08.2006) full-text 1-72
A CN201093269 Y NINGBO LIAOYUAN IND CO LTD) 30 Jul. 2008(30.07.2008) full-text 1-72
A CN1936417 A (WU, Juan) 28 Mar. 2007(28.03.2007) full-text 1-72
A GB2420172 A(FOWLER J A)17 May 2006(17.05.2006) full-text 1-72

[ Further documents are listed in the continuation of Box C. X See patent family annex.
* Special categories of cited documents: “T> later document published after the international filing date

or priority date and not in conflict with the application but

“A” document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
“E” earlier application or patent but published on or after the “X” document of particular relevance; the claimed invention
international filing date cannot be considered novel or cannot be considered to involve

. L : an inventive step when the document is taken alone
“L”  document which may throw doubts on priority claim (S) or

which is cited to establish the publication date of another
citation or other special reason (as specified)

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such

“O”  document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person

other means skilled in the art

“P” document published prior to the international filing date “&7document member of the same patent family

but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

25 Dec. 2009 (25.12.2009) 07 Jan. 2010 (07.01.2010)

IName and mailing address of the ISA/CN
The State Intellectual Property Office, the PR.China .
6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China CHEN,YaJuan

100088
Facsimile No. 86-10-62019451 Telephone No. (86-10)62085753

Form PCT/ISA /210 (second sheet) (July 2009)

Authorized officer




INTERNATTIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2009,/000927
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
CN201003736 Y 09.01.2008 None
CA2527527A1 25.07.2006
JP2006210340A 10.08.2006
US2006164835A1 27.07.2006
US7121687B2 17.10.2006
KR20060086284A 31.07.2006
CN201093269Y 30.07.2008 None
CN1936417 A 28.03.2007 None
GB2420172 A 17.05.2006 None

Form PCT/ISA /210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2009,/000927

A. CLASSIFICATION OF SUBJECT MATTER:

F21S 2/00 (2006.01)i
F21V29/00 (2006.01)i
F21Y 101/02 (2006.01)n

Form PCT/ISA /210 (extra sheet) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

