wo 2012/177428 A1 [N 000 0O A0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

27 December 2012 (27.12.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/177428 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
F21V 29/00 (2006.01) F21V 7/00 (2006.01)
F21Y 111/00 (2006.01)

International Application Number:
PCT/US2012/041822

International Filing Date:

11 June 2012 (11.06.2012)
Filing Language: English
Publication Language: English
Priority Data:
13/167,410 23 June 2011 (23.06.2011) US

Applicant (for all designated States except US): CREE,
INC. [US/US]; 4600 Silicon Drive, Durham, NC 27703
(US).

Inventors; and

Inventors/Applicants (for US only): PICKARD, Paul
[US/US]; 1325 Legendary Lane, Morrisville, NC 27560
(US). LU, Dong [CN/US]; 706 Weavers Ridge Drive,
Cary, NC 27519 (US).

Agent: BRIM, Scott, W.; Brinks Hofer Gilson & Lione,
P.O. Box 10087, Chicago, IL 60610 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: SOLID STATE RETROREFLECTIVE DIRECTIONAL LAMP

(57) Abstract: A solid state directional lamp is disclosed. The lamp comprises a reflector (304) defining a geometric curve (326), a
reflective surtace (317) that is separable from the reflector defining the geometric curve, and a solid state light emitter (306). The
solid state light emitter is positioned to direct light rays towards the reflector (304) defining the geometric curve (326) and to direct
light rays towards the reflective surface (317). The reflective surface is configured to direct light rays from the solid state light emit-
ter into the geometric curve. The geometric curve is configured to reflect light rays received from the solid state light emitter away
from the lamp and is configured to reflect light rays received form the reflective surface away from the lamp.
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SOLID STATE RETROREFLECTIVE DIRECTIONAL LAMP

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to U.S. Pat. App. No. 13/167,351, filed
June 23, 2011, and titled “Retroreflective, Multi-Element Design for a Solid
State Directional Lamp”; U.S. Pat. App. No. 13/167,394, filed June 23,
2011, and titled “Solid State Directional Lamp Including Retroreflective,
Multi-Element Directional Lamp Optic”; U.S. Pat. App. No. 13/167,387,
filed June 23, 2011, and titled “Hybrid Solid State Emitter Printed Circuit
Board for Use In a Solid State Directional Lamp”; and U.S. Pat. App. No.
29/394,990, filed June 23, 2011, and titled “Solid State Directional Lamp,”

the entirety of each of which are hereby incorporated by reference.

BACKGROUND
[0002] Solid state light emitters, such as light emitting diodes (‘LED”),

have become a desirable alternative to incandescent light bulbs and
fluorescent light bulbs due to their energy efficiency and extended lifespan.
When developing solid state directional lamps, a typical approach used to
provide controlled beams of light consists of individual solid state light
emitters with total internal reflection (“TIR”) optics in front of each solid
state light emitter. The downside to this approach is the appearance of the
face of the lamp, where as few as one and as many as nine TIR lenses are
lit, with unlit areas showing in between each optic. Because large TIR
optics are expensive and difficult to manufacture, many existing lamps
including solid state emitters use three or more smaller lenses. However,
the contrast between the intense light on the face of the TIR lenses and
the support structure of the lamp makes the appearance distracting,
especially when these lamps are mounted at lower mounting heights or in
downlight recessed cans. Accordingly, improved solid state lamps are
desirable that provide low face brightness and a lack of appearance of the
individual solid state light emitters on the face of the lamp as found with

other designs.
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SUMMARY

[0003] In order to address the need to provide solid state directional
lamps that provide low face brightness and a lack of appearance of
individual solid state light emitters on the face of a lamp, solid state
directional lamps are provided that utilize solid state light emitters that
direct light into a reflector comprising segmented parabolas and mirrored
walls. Further, due to the position of the solid state light emitters within the
solid state directional lamp design, the disclosed solid state directional
lamps provide an air passageway that allows an airflow through the lamp
that provides cooling during operation.

[0004] In one aspect, a lamp is disclosed. The lamp comprises a
reflector defining a geometric curve, a reflective surface that is separable
from the reflector defining the geometric curve, and a solid state light
emitter. The solid state light emitter is positioned to direct light rays
towards the reflector defining the geometric curve and to direct light rays
towards the reflective surface. The reflective surface is configured to direct
light rays from the solid state light emitter into the geometric curve. The
geometric curve is configured to reflect light rays received from the solid
state light emitter away from the lamp and is configured to reflect light rays
received form the reflective surface away from the lamp.

[0005] In another aspect, a further lamp is disclosed. The lamp
comprises a housing, a reflector, and a solid state light emitter. The
housing defines an interior region and an air passageway, the air
passageway passing through the housing and the interior region. The
reflector defines an aperture configured to allow the air passageway of the
housing to pass through the reflector, the reflector defining a geometric
curve positioned at a perimeter of the aperture. The solid state light
emitter is positioned to direct light rays toward the geometric curve. The
geometric curve is configured to reflect light rays form the solid state light
emitter away from the lamp. The air passageway is configured to provide

cooling to the lamp when the solid state light emitter is energized.



WO 2012/177428 PCT/US2012/041822
-3-

[0006] In a further aspect, yet another lamp is disclosed. The lamp
comprises a reflector, a reflective center collar, a housing, and a plurality of
solid state light emitters. The reflector defines four geometric curves. The
housing defines an interior region and an air passageway, the air
passageway passes through the housing and the interior region. Further
interior region fo the housing is configured to receive the reflector.

[0007] The plurality of solid state light emitters is positioned around a
perimeter of the air passageway. Further, the plurality of solid state light
emitters is positioned to direct light rays towards the reflector and to direct
light rays toward the reflective center collar.

[0008] The air passageway is configured to provide cooling to the lamp
when the plurality of solid state light emitters is energized. The reflective
center collar is configured to direct light rays from the plurality of solid state
light emitters into the geometric curves of the reflector. The geometric
curves are configured to reflect light rays from the plurality of solid state
light emitters away from the lamp and to reflect light rays received form the

reflective center collar away from the lamp.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The described systems may be better understood with reference
to the following drawings and description. Non-limiting and non-exhaustive
descriptions are described with reference to the following drawings. The
components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating principles. In the figures, like referenced
numerals may refer to like parts throughout the different figures unless
otherwise specified.

[0010] Fig. 1 is a perspective view of one implementation of a solid state
directional lamp;

[0011] Fig. 2 is an exploded view of the solid state directional lamp of
Fig. 1;

[0012] Fig. 3 is a top view of one implementation of a housing of a solid

state directional lamp;
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[0013] Fig. 4 is a top perspective view of the housing of Fig. 3;

[0014] Fig. 5 is bottom view of the housing of Fig. 3;

[0015] Fig. 6 is a bottom perspective view of the housing of Fig. 3.
[0016] Fig. 7 is a top view of one implementation of a reflector of a solid
state directional lamp;

[0017] Fig. 8 is a perspective view of the reflector of Fig. 7;

[0018] Fig 9is an enlarged cross sectional view of a solid state light
emitter positioned at a focal point of a segmented parabola that is emitting
a light ray into the segmented parabola and is emitting a light ray into a
mirrored wall.

[0019] Fig. 10is a top view of one implementation of a printed circuit
board assembled with a metal heat spreader of a solid state directional
lamp;

[0020] Fig. 11 is a top perspective view of the printed circuit board
assembled with the metal heat spreader of Fig. 10;

[0021] Fig. 12 is a bottom view of the printed circuit board assembled
with the metal heat spreader of Fig. 10;

[0022] Fig. 13 is a bottom perspective view of the printed circuit board
assembled with the metal heat spreader of Fig. 10;

[0023] Fig. 14 is a cross sectional view of the printed circuit board
assembled with the metal heat spreader of Fig. 10;

[0024] Fig. 15 is a cross sectional view of the solid state directional lamp
of Fig. 1;

[0025] Fig. 16 is a heat flow diagram illustrating airflow and temperature
when the solid state direction lamp of Fig. 1 operates in its primary
orientation facing down;

[0026] Fig. 17 is an exploded view of another implementation of a solid
state directional lamp;

[0027] Fig. 18 is a perspective view of the solid state directional lamp of
Fig. 17;

[0028] Fig. 19 is a top view of the solid state directional lamp of Fig. 17;
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[0029] Fig. 20 is a perspective view of another implementation of a
housing of a solid state directional lamp;

[0030] Fig. 21 is a bottom view of the housing of Fig. 20;

[0031] Fig. 22 is a perspective view of another implementation of a
reflector of a solid state directional lamp;

[0032] Fig. 23 is a top view of the reflector of Fig. 22;

[0033] Fig. 24 is a perspective view of another implementation of a
printed circuit board assembled with a metal heat spreader of a solid state
directional lamp;

[0034] Fig. 25 is a bottom view of the printed circuit board assembled
with the metal heat spreader of Fig. 24;

[0035] Fig. 26 is a bottom perspective view of the printed circuit board
assembled with the metal heat spreader of Fig. 24;

[0036] Fig. 27 is a top view of the printed circuit board assembled with
the metal heat spreader of Fig. 24;

[0037] Fig. 28 is a cross sectional view of the printed circuit board
assembled with the metal heat spreader of Fig. 24;

[0038] Fig. 29 is a cross sectional view of the solid state directional lamp
of Fig. 17;

[0039] Fig. 30 is an exploded view of another implementation of a solid
state directional lamp;

[0040] Fig. 31 is a perspective view of the solid state directional lamp of
Fig. 30;

[0041] Fig. 32 is a top view of the solid state directional lamp of Fig. 30;
[0042] Fig. 33 is a perspective view of another implementation of a
housing of a solid state directional lamp;

[0043] Fig. 34 is a top view of the housing of Fig. 33;

[0044] Fig. 35is a perspective view of another implementation of a
reflector of a solid state directional lamp;

[0045] Fig. 36 is a top view of the reflector of Fig. 35;

[0046] Fig. 37 is an exploded view of a portion of the solid state
directional lamp of Fig. 30;
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[0047] Fig. 38 is a perspective view of the portion of the solid state
directional lamp of Fig. 37;

[0048] Fig. 39 is a perspective view of another implementation of a
printed circuit board assembled with a metal heat spreader of a solid state
directional lamp;

[0049] Fig. 40 is a bottom view of the printed circuit board assembled
with the metal heat spreader of Fig 39;

[0050] Fig. 41 is a cross sectional view of the printed circuit board
assembled with the metal heat spreader of Fig. 39

[0051] Fig. 42 is a perspective view of a main printed circuit board
electrically connected to a second printed circuit board and a power
assembly;

[0052] Fig. 43 is a cross sectional view of the solid state directional lamp
of Fig. 30;

[0053] Fig. 44 is another cross sectional view of the solid state
directional lamp of Fig. 30;

[0054] Fig. 45 is an exploded view of another implementation of a solid
state directional lamp;

[0055] Fig. 46 is perspective view of another implementation of a
housing of a solid state directional lamp;

[0056] Fig. 47 is a top view of the housing of Fig. 36;

[0057] Fig. 48 is an exploded view of a portion of the solid state
directional lamp of Fig. 45;

[0058] Fig. 49 is a perspective view of the portion of the solid state
directional lamp of Fig. 48; and

[0059] Fig. 50 is a cross sectional view of the solid state directional lamp
of Fig. 45.

DETAILED DESCRIPTION
[0060] The present disclosure is directed to solid state directional lamp
designs that include retroreflective, multi-element lamp optics and a hybrid

solid state emitter printed circuit board. The disclosed solid state
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directional lamps provide low face brightness and a lack of appearance of
individual solid state light emitters on the face of the lamp. Additionally,
the described solid state directional lamps provide an air passageway that
allows air to flow through the solid state directional lamp during operation.
[0061] As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items. All numerical
quantities described herein are approximate and should not be deemed to
be exact unless so stated.

[0062] Although the terms “first”, “second”, etc. may be used herein to
describe various elements, components, regions, layers, sections and/or
parameters, these elements, components, regions, layers, sections and/or
parameters should not be limited by these terms. These terms are only
used to distinguish one element component, region layer or section from
another region, layer or section. Thus, a first element component, region,
layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of
the present inventive subject matter.

[0063] It will be understood that when a first element such as a layer,
region or substrate is referred to as being “on” a second element, or
extending “onto” a second element, or be “mounted on” a second element,
the first element can be directly on or extend directly onto the second
element, or can be separated from the second element structure by one or
more intervening structures (each side, or opposite sides, of which is/are in
contact with the first element, the second element or one of the intervening
structures). In contrast, when an element is referred to as being “directly
on” or extending “directly onto” another element, there are no intervening
elements present. It will also be understood that when an element is
referred to as being “connected” or “coupled” to another element, it can be
directly connected or coupled with the other element or intervening
elements can be present. In contrast, when an element is referred to as
being “directly connected” or “directly coupled” to anther element, there are

no intervening elements present. In addition, a statement that a first
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element is “on” a second element is synonymous with a statement that the
second element is “on” the first element.

[0064] Relative terms such as “lower”, “bottom”, “below”, “upper”, “top”,
“above”, “horizontal” or “vertical” may be used herein to describe one
element’s relationship to anther element as illustrated in the Figures. Such
relative terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures. For example,
if the device in the Figures is turned over, elements described as being on
the “lower” side of other elements would then be oriented on “upper” sides
of other elements. The exemplary term “lower”, can therefore, encompass
both an orientation of “lower and “upper,” depending on the particular
orientation of the figure. Similarly, if the device in one of the figures is
turned over, elements described as “below” or “beneath” other elements
would then be orientated “above” the other elements. The exemplary
terms “below” or “beneath” can, therefore, encompass both an orientation
of above and below.

[0065] Embodiments of the invention are described herein with
reference to cross-sectional view illustrations that are schematic
illustrations of embodiments of the invention. As such, the actual thickness
of the layers can be different, and variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or
tolerances are expected. Embodiments of the invention should not be
construed as limited to the particular shapes of the regions illustrated
herein but are to include deviations in shapes that result, for example, from
manufacturing. A region illustrated or described as square or rectangular
will typically have rounded or curved features due to normal manufacturing
tolerances. Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the precise shape of
a region of a device and are not intended to limit the scope of the
invention.

[0066] Fig. 1 is a perspective view of one implementation of a solid state

directional lamp and Fig. 2 is an exploded view of the solid state directional
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lamp illustrated in Fig. 1. The solid state directional lamp 100 may include
a housing 102, a reflector 104, a solid state light emitter 106, an assembly
108 including a printed circuit board 110 and a metal heat spreader 112, a
lens 114, and a power supply housing 116. It will be appreciated that while
Fig. 1 illustrates the power supply housing 116 defining an Edison screw,
in other implementations, the power supply housing 116 may define other
shapes for use in lamp fixtures utilizing connections other than an Edison
screw.

[0067] In some implementations, the housing 102 of the solid state
direction lamp 100 is dimensioned to conform to the shape of a standard
PAR 20 bulb, a standard PAR 30 bulb, or a standard PAR 38 bulb, or
commercial profile PAR 20, PAR 30, or PAR 38 bulbs. However, in other
implementations the housing 102 of the solid state directional lamp 100
may be dimensioned to other standardized or non-standardized bulb
shapes such as an MR16 lamp, R lamps such as R20, R30, or R40 lamps,
ER lamps such as ER 30 or ER40 lamps, or BR lamps such as BR20,
BR30, or BR40 lamps.

[0068] As explained in more detail below, one or more solid state light
emitters 106 are positioned in the lamp 100 such that when energized, the
one or more solid state light emitters 106 direct light rays toward the
reflector 104 positioned in an interior of the housing 102. The reflector 104
directs the received light rays out of the lens 114 and away from the solid
state directional lamp 100. Due to the color mixing features integrated
within the lens 114, the front face of the solid state directional lamp 100
appears uniform.

[0069] Additionally, as explained in more detail below, due to the
placement of one or more solid state light emitters 106 within the solid
state directional lamp 100, an air passageway 118 is provided that allows
air to flow through the lamp 100. The air passageway 118 assists in
providing cooling to the lamp when one or more solid state light emitters
106 positioned adjacent to a perimeter of the air passageway 118 are

energized.
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[0070] In some implementations, the solid state light emitter 106 in the
solid state directional lamp 102 may be a light emitting diode. Light
emitting diodes are semiconductor devices that convert electrical current
into light. A wide variety of light emitting diodes are used in increasingly
diverse fields for an ever-expanding range of purposes. More specifically,
light emitting diodes are semiconducting devices that emit light (ultraviolet,
visible, or infrared) when a potential difference is applied across a p-n
junction structure. There are a number of ways to make light emitting
diodes and associated structures, and the present inventive subject matter
can employ any such devices.

[0071] A light emitting diode produces light by exciting electrons across
the band gap between a conduction band and a valence band of a
semiconductor active (light-emitting) layer. The electron transition
generates light at a wavelength that depends on the band gap. Thus, the
color of the light (wavelength) (and/or the type of electromagnetic radiation,
e.g., infrared light, visible light, ultraviolet light, near ultraviolet light, etc.,
and any combinations thereof) emitted by a light emitting diode depends
on the semiconductor materials of the active layers of the light emitting
diode.

[0072] The expression “light emitting diode” is used herein to refer to the
basic semiconductor diode structure (i.e., the chip). The commonly
recognized and commercially available “LED” that is sold (for example) in
electronics stores typically represent a “packaged” device made up of a
number of parts. These packaged devices typically include a
semiconductor based light emitted diode such as (but not limited to) those
described in U.S. Pat. Nos. 4,918,487; 5,631,190; and 5,912,477; various
wire connections, and a package that encapsulates the light emitting
diode.

[0073] Fabrication of conventional LEDs is generally known, and is only
briefly discussed herein. LEDs can be fabricated using known processes
with a suitable process being fabrication using metal organic chemical

vapor deposition (MOCVD). The layers of the LEDs generally comprise an
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active layer/region sandwiched between first and second oppositely doped
epitaxial layers, all of which are formed successively on a growth
substrate. LEDs can be formed on a wafer and then singulated for
mounting in a package. It is understood that the growth substrate can
remain as part of the final singulated LED or the growth substrate can be
fully or partially removed.

[0074] Itis also understood that additional layers and elements can also
be included in LEDs, including but not limited to buffer, nucleation, contact
and current spreading layers as well as light extraction layers and
elements. The active region can comprise single quantum well (SQW),
multiple quantum well (MQW), double heterostructure or super lattice
structures. The active region and doped layers may be fabricated from
different material systems, with preferred material systems being Group-li
nitride based material systems. Group-IlI nitrides refer to those
semiconductor compounds formed between nitrogen and the elements in
the Group Il of the periodic table, usually aluminum (Al), gallium (Ga), and
indium (In). The term also refers to ternary and quaternary compounds
such as aluminum gallium nitride (AlGaN) and aluminum indium gallium
nitride (AllnGaN). In a preferred embodiment, the doped layers are gallium
nitride (GaN) and the active region is InGaN. In alternative embodiments
the doped layers may be AlGaN, aluminum gallium arsenide (AlGaAs) or
aluminum gallium indium arsenide phosphide (AlGalnAsP).

[0075] The growth substrate can be made of many materials such as
sapphire, silicon carbide, aluminum nitride (AIN), gallium nitride (GaN), with
a suitable substrate being a 4H polytype of silicon carbide, although other
silicon carbide polytypes can also be used including 3C, 6H and 15R
polytypes. Silicon carbide has certain advantages, such as a closer crystal
lattice match to Group Il nitrides than sapphire and results in Group
nitride films of higher quality. Silicon carbide also has a very high thermal
conductivity so that the total output power of Group-IlI nitride devices on
silicon carbide is not limited by the thermal dissipation of the substrate (as

may be the case with some devices formed on sapphire). SiC substrates
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are available from Cree Research, Inc., of Durham, N.C. and methods for
producing them are set forth in the scientific literature as well as in a U.S.
Pat. Nos. Re. 34,861; 4,946,547; and 5,200,022.

[0076] LEDs can also comprise a conductive current spreading structure
and wire bond pads on the top surface, both of which are made of a
conductive material that can be deposited using known methods. Some
materials that can be used for these elements include Au, Cu, Ni, In, Al, Ag
or combinations thereof and conducting oxides and transparent conducting
oxides. The current spreading structure can comprise conductive fingers
arranged in a grid on LEDs with the fingers spaced to enhance current
spreading from the pads into the LED's top surface. In operation, an
electrical signal is applied to the pads through a wire bond as described
below, and the electrical signal spreads through the fingers of the current
spreading structure and the top surface into the LEDs. Current spreading
structures are often used in LEDs where the top surface is p-type, but can
also be used for n-type materials.

[0077] Some or all of the LEDs described herein can be coated with one
or more phosphors with the phosphors absorbing at least some of the LED
light and emitting a different wavelength of light such that the LED emits a
combination of light from the LED and the phosphor. In some
implementations, white emitting LEDs have an LED that emits light in the
blue wavelength spectrum and the phosphor absorbs some of the blue
light and re-emits yellow. The LEDs emit a white light combination of blue
and yellow light. In other implementations, the LED chips emit a non-white
light combination of blue and yellow light as described in U.S. Pat. No.
7,213,940. In some implementations the phosphor comprises commercially
available YAG:Ce, although a full range of broad yellow spectral emission
is possible using conversion particles made of phosphors based on the
(Gd,Y)s(Al,Ga)s042:Ce system, such as the Y3Als042:Ce (YAG). Other
yellow phosphors that can be used for white emitting LED chips include:
Tbs.xREO12:Ce(TAG); RE=Y, Gd, La, Lu; or Sr..x,BaxCa,SiO4:Eu.
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[0078] LEDs that emit red light can comprise LED structures and
materials that permit emission of red light directly from the active region.
Alternatively, in other embodiments the red emitting LEDs can comprise
LEDs covered by a phosphor that absorbs the LED light and emits a red
light. Some phosphors appropriate for this structures can comprise: Lu,Os:
Eu®; (SraxLay) (Ce1xEux) Os; SroxEuxCeOs; SrTiOs:Pr’*,Ga’"; CaAlSiN,:
Eu®; and Sr.SisNg:Eu®".

[0079] LEDs that are coated can be coated with a phosphor using many
different methods, with one suitable method being described in U.S. patent
application Ser. Nos. 11/656,759 and 11/899,790, both entitled "Wafer
Level Phosphor Coating Method and Devices Fabricated Utilizing Method",
and both of which are incorporated herein by reference. Alternatively the
LEDs can be coated using other methods such as electrophoretic
deposition (EPD), with a suitable EPD method described in U.S. patent
application Ser. No. 11/473,089 entitled "Close Loop Electrophoretic
Deposition of Semiconductor Devices", which is also incorporated herein
by reference. It is understood that LED packages according to the present
invention can also have multiple LEDs of different colors, one or more of
which may be white emitting.

[0080] The submounts described herein can be formed of many
different materials with a preferred material being electrically insulating,
such as a dielectric element, with the submount being between the LED
array and the component backside. The submount can comprise a ceramic
such as alumina, aluminum nitride, silicon carbide, or a polymeric material
such as polymide and polyester etc. In one embodiment, the dielectric
material has a high thermal conductivity such as with aluminum nitride and
silicon carbide. In other embodiments the submounts can comprise highly
reflective material, such as reflective ceramic or metal layers like silver, to
enhance light extraction from the component. In other embodiments the
submount can comprise a printed circuit board (PCB), alumina, sapphire or
silicon or any other suitable material, such as T-Clad thermal clad

insulated substrate material, available from The Bergquist Company of
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Chanhassen, Minn. For PCB embodiments different PCB types can be
used such as standard FR-4 PCB, metal core PCB, or any other type of
printed circuit board.

[0081] Figs. 3-6 illustrate different views of one implementation of the
housing 102 of the solid state directional lamp 100. Fig. 3 is a top view of
the housing 102; Fig. 4 is a top perspective view of the housing 102; Fig. 5
is bottom view of the housing 102; and Fig. 6 is a bottom perspective view
of the housing 102.

[0082] In some implementations the housing 102 may comprise
aluminum. However, in other implementations the housing 102 may comprise,
for example, magnesium, a magnesium/aluminum alloy, or other thermally
conductive thermoplastics. Yet other implementations may comprise a sintered
metal that may include composites that are aluminum based, but infused with
metals such as copper to improve thermal conductivity or provide other desirable
mechanical, thermal or electrical properties.

[0083] Referring to Figs. 3 and 4, the housing 102 may define the air
passageway 118. The air passageway 118 is configured to allow air to
flow from one side of the housing 102 to another side of the housing 102.
In some implementations, the housing 102 may additionally define one or
more fins 122 within the air passageway 118. The fins 122 may assist in
directing airflow through the air passageway 118 and provide increased
surface area to the housing 102 to assist in cooling the directional lamp
100 during operation. When the solid state directional lamp 100 is
assembled and one or more solid state light emitters 106 are energized, air
flowing through the air passageway 118 provides cooling to the lamp, as
explained in more detail below.

[0084] The housing 102 additionally defines an interior region 120 on a
first side the housing 102. The interior region 120 is configured such that
when the solid state directional lamp 100 is assembled, the reflector 104
may be positioned within the interior region 120 of the housing 102. In
some implementations, the contour of the interior region conforms to the
contour of the reflector 104. For example, if the reflector 104 defines a

plurality of segmented parabolas as in one illustrative example described
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below, the contour of the interior region is shaped to accept the plurality of
segmented parabolas. As shown in Figs. 3 and 4, the air passageway 118
passes through the interior region 120 of the housing 102 such that air
may flow through the interior region of the housing 102.

[0085] Referring to Figs. 5 and 6, in some implementations, the housing
102 may additionally define a plurality of fins 124 on a second side of the
housing 102 that is opposite to the side of the housing defining the interior
region 120. In some implementations a depth of the reflector 104 and the
complementary interior region 120 of the housing 102 is shallow such that
the plurality of fins 124 on the second side of the housing 102 make up a
majority of a volume of the housing 102 and thus a majority of the volume
of the lamp 100. For example, in some implementations, when the lamp
100 is assembled, the housing 102 consumes at least 75% of the volume
of the lamp 100..

[0086] The plurality of fins 124 on the second side of the housing 102
may serve as a heat sink for the housing 102 by providing the housing 102
increased surface area to dissipate heat. Accordingly, it should be
appreciated that the shallow nature of the reflector 104 allows the solid
state direction lamp 100 to implement improved cooling features such as
the plurality of fins 124 on the second side of the housing 102 that act as a
heat sink for the housing 102 and define a maijority of a volume of the
housing 102.

[0087] The plurality of fins 124 on the second side of the housing, in
conjunction with the fins 122 positioned in the air passageway 118 may
additionally serve to direct airflow around the housing 102. For example,
when the power supply housing 116 is positioned in the solid state
direction lamp 100 adjacent to the housing 102, the fins 122 positioned in
the air passageway 118 and the plurality of fins 124 on the second side of
the housing 102 may direct air over the power supply housing 116 to assist
in cooling the lamp 100.

[0088] Figs. 7 and 8 illustrate different views of one implementation of

the reflector 104 of the solid state directional lamp 100. Fig. 7 is a top view
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of the reflector 104 and Fig. 8 is a perspective view of the reflector 104. In
some implementations, the reflector 104 may comprise a polycarbonate
such as Lexan, a PC/ABS blend such as Cycoloy produced by Sabic, a
polyarylate such as U-Polymer, and/or a polyethylene terephthalate or a
PBT such as valox produced by Sabic. Typically, a depth of the reflector
104 is shallow when compared to a furthest distance 123 of the opening of
the reflector 104 so that the aspect ratio between the furthest distance 123
of the opening of the reflector 103 and the depth of the reflector is at least
6:1. In some implementations, a depth of the reflector is no greater than
16 mm.

[0089] The reflector 104 defines an aperture 125 configured to allow the
air passageway 118 of the housing 102 to pass through the reflector 104
so that when the solid state directional lamp 100 is assembled, air may
flow through the center of the lamp.

[0090] The reflector may additionally define a plurality of geometric
curves 126 and a plurality of mirrored portions 128. In some
implementations, the plurality of geometric curves 126 may be a plurality of
segmented parabolas. However, in other implementations, the geometric
curves 126 may be compound curves that are parabolic in some portions
of the geometric curve and elliptical in other portions of the geometric
curve or any other geometric shape configured to, as explained in more
detail below, receive light from one or more solid state light emitters 106
and direct the received light out of the direction lamp 100.

[0091] In some implementations the plurality of mirrored portions 128
include mirrored walls. However, the mirrored portions 128 may be any
shape configured to, as explained in more detail below, receive light from
the cne or more solid state light emitters 106 and direct the received light
into one or more of the plurality of geometric curves 126.

[0092] In some implementations, each solid state light emitter 106 of the
directional lamp 100 is associated with a geometric curve 126 and a
mirrored portion 128. For example, as shown in Fig. 8, a first solid state

light emitter 130a is associated with a first geometric curve 132a and a first
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mirrored portion 134a; a second solid state light emitter 130b is associated
with a second geometric cruve 132b and a second mirrored portion 134b;
a third solid state light emitter 130c is associated with a third geometric
curve 132c¢ and a third mirrored portion 134c; and a fourth solid state light
emitter 130d is associated with a fourth geometric curve 132d and a fourth
mirrored portion 134d. However, in other implementations, more than one
solid state light emitter 106 may be associated with the same geometric
curve 126 and mirrored portion 128.

[0093] As stated above, in some implementations, each geometric curve
126 may be a segmented parabola and each mirrored portion 128 may
include a mirrored wall. In these implementations, each solid state light
emitter 106 may be positioned at a focal point of the segmented parabola
that it is associated with. Fig 9 is an enlarged cross sectional view of a
solid state light emitter 106 positioned at a focal point of a segmented
parabola (a geometric curve 126) that is emitting a light ray into the
segmented parabola and is emitting a light ray into a mirrored wall (a
mirrored portion 128). Due to the positioning of the solid state light emitter
106, a light ray 136 emitted from the solid state light emitter 106 that
directly impinges a segmented parabola is reflected substantially vertically
away from the reflector 104 and towards the lens 114 of the solid state
lamp 100.

[0094] Additionally, due to the positioning of the solid state light emitter
106, a light ray 138 from the solid state light emitter 106 that directly
impinges the mirrored wall is reflected into the segmented parabola and
reflected substantially vertically away from the reflector 104 towards the
lens 114 of the solid state lamp 100. Accordingly, the light ray 138 that
directly impinges the mirrored wall behaves similarly to the light ray 136
directly impinging the segmented parabola with regard to a path to a lit
target.

[0095] Typically, a surface of the mirrored wall associated with a solid
light emitter 106 is may be positioned substantially perpendicular to a face

of the solid state light emitter 106 such that the mirrored wall is slightly
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tilted from the face of the solid state light emitter 106 by between
approximately 1.5 degrees and 10 degrees.

[0096] It will be appreciated that because of the mirrored portion 128
acting like a mirror, the asymmetric reflector (the geometric curve 126)
behaves like a complete axisymmetric reflector. Due to this feature,
multiple reflector elements (a geometric curve 126 and associated mirrored
portion 128) may be combined in order to improve light output and spread
power dissipation across multiple solid state light emitters 106. A solid
state directional lamp 100 with two such solid state light emitters 106
would have no wasted light, but would limit the lumen output of the
resultant lamp or fixture. It will be appreciated that the more geometric
curves 126 and associated mirrored portions 128 that are used, the larger
percentage of light from the solid state light emitters 106 that is
uncontrolled. However, a reflector 104 including four geometric curves
126 and four mirrored portions 128 has been determined to provide a good
balance of thermal/power spreading and controlled vs. uncontrolled light.
[0097] While the implementations described above utilize segmented
parabolas and mirrored walls, it will be appreciated that other
implementations may utilize other geographic shapes based the desired
light output and characteristics of light distribution.

[0098] Referring to Figs. 1 and 2, when the solid state directional lamp
100 is assembled, the lens 114 covers at least the reflector 104. Due to
the nature of geometric curves 128 of the reflector 104 discussed above,
the light rays from the one or more solid state light emitters 106 leaving the
reflector 104 are generally collimated. In order to mix the light, the light
rays leaving the reflector 104 pass through the lens 114, which is
configured to mix the collimated light. Mixing the collimated light assists in
providing uniform face brightness and a lack of appearance of individual
solid state light emitters on the face of the lamp. In some implementations,
the lens 114 is configured to increase a width of a light ray by between

approximately one and two degrees.



WO 2012/177428 PCT/US2012/041822
-19-

[0099] As discussed above, the one or more solid state light emitters
106 in the directional lamp 100 may be a single color or multi-colored.
When the one or more solid state light emitters 106 are multicolored, such
as when the light state light emitters 106 include BSY + Red LEDs or
RGBW LEDs, the lens 114 assists in mixing the different colors to create
the desired color output. In some implementations the lens 114 may
include microlens color-mixing features, volumetric diffusive elements,
randomized surface features, and/or other diffractive elements for the
purpose of mixing the light from the multicolored solid state light emitters.
[00100] In some implementations, the lens 114 may comprise
polymethyl methacrylate (PMMA) or a polycarbonate. However, in other
implementations the lens 114 may comprise materials such as SAN
(Styrere Acrylonitrile), U-Polymer (Polyarylate), K-Resin (Styrene-
Butadiene Copolymer), Tenite Cellulosics (Acetate or Butyrate), and/or
transparent ABS (Acrylonitrile Butadiene Styrene).

[00101] The lens 114 may additionally define an aperture 140
positioned on the lens 104 such that when the solid state directional lamp
100 is assembled, the aperture 140 of the lens is in communication with
the air passageway 118 defined by the housing 102 to allow airflow
through the solid state directional lamp 100.

[00102] The one or more solid state light emitters 106 are mounted on
the assembly 108 comprising the printed circuit board 110 and the metal
heat spreader 112. Figs. 10-14 illustrate different views of one
implementation of the printed circuited board 110 assembled with the
metal heat spreader 112. Fig. 10 is a top view of the printed circuit board
110 assembled with the metal heat spreader 112; Fig. 11 is a top
perspective view of the printed circuit board 110 assembled with the metal
heat spreader 112; Fig. 12 is a bottom view of the printed circuit board 110
assembled with the metal heat spreader 112; Fig. 13 is a bottom
perspective view of the printed circuit board 110 assembled with the metal
heat spreader 112; and Fig. 14 is a cross sectional view of the printed

circuit board 110 assembled with the metal heat spreader 112.



WO 2012/177428 PCT/US2012/041822
-20-

[00103] In some instances, metal core printed circuit boards may be
used to mount solid state light emitters for use in solid state lamps and
fixtures. The aluminum or copper core allows for effective heat transfer
from the solid state light emitters, through the metal core printed circuit
board, and into an attached heat sink. However, in other instances a
typical metal printed circuit board will not meet the needs of a fixture or
lamp design, such as when the design calls for a small printed circuit board
outside of a solid state light emitter package combined with a large number
of traces routing to an from the solid state light emitter package. For
example, in a typical 4-chip solid state light emitter routed to individual
solder pads, if every trace were required to route from a bottom of a
printed circuit board, the minimum width of the printed circuit board beyond
the device solder pads would be three trace widths and four trace to trace
spacings.

[00104] In configurations of solid state directional lamps 100 such as
those described above where one or more solid state light emitters 106
direct light rays into the reflector 104 and the reflector 106 directs the
received light rays out of the solid state directional lamp 100, it is desirable
for the printed circuit board 110 on which the solid state light emitters 106
are mounted to have as small a footprint as possible so as not to block
light that the reflector 104 directs out of the lamp. Accordingly, it will be
appreciated that it is desirable that the width of the protrusions of the
printed circuit board 110 on which the solid state light emitters are
mounted should be as narrow as possible.

[00105] In the implementation shown in Figs. 10-14, the printed circuit
board 110 defines four sides and one solid state light emiiter 106 is
positioned on each of the four sides of the printed circuit board 110. A
traditional single layer metal core printed circuit board may not allow for the
narrow widths of the portions on which the solids state light emitters are
mounted as illustrated in Figs. 10-14. Additionally, multilayer metal core
printed circuit boards designed with the narrow widths of the portions on

which the solid state light emitters are mounted as illustrated in Fig. 10-14
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may incur a thermal penalty for multiple layers of dielectric material
between the solid state light emitter and the metal core that is high enough
in many circumstances to disqualify a multilayer metal core printed circuit
board from consideration.

[00106] In order to address these issues, the directional lamp 100
may utilize a printed circuit board 110 that is not thermally conductive. In
one implementation the printed circuit board 110 is a multilayer FR4
printed circuit board. A multilayer FR4 printed circuit board provides the
ability to mount the solid state light emitters 106 with as little printed circuit
board protrusion as possible. However, any printed circuit board may be
used with a low thermal conductivity that allows for narrow widths of the
protrusions on the printed circuit board on which the one or more solid
state light emitters 106 are mounted.

[00107] Because the printed circuit board is not thermally conductive
110, the metal heat spreader 112 assembled with the printed circuit board
110 may contact a back of one or more of the solid state light emitters 106
in order to assist in dissipating heat generated by the solid state light
emitters 106 when energized. Typically, the metal heat spreader 112 is in
communication with heat dissipation means in order to assist in dissipating
the heat of the solid state light emitters 106.

[00108] As shown in Figs. 10-14, the printed circuit board 110 may
define an aperture 142 configured to receive at least a portion 144 of the
metal heat spreader 112. It is the portion 144 of the metal heat spreader
112 positioned in the aperture 142 of the printed circuit board 110 that is
typically in communication with heat dissipation means to assist in
dissipating heat generated by the one or more solid state light emitters
106..

[00109] In the solid state directional lamp 100 described above, the
metal heat spreader 112 also defines an aperture 146 such that when the
solid state directional lamp 100 is assembled, the aperture 146 of the
metal heat spreader 112 is in communication with the air passageway 118

of the housing 102 and the aperture 140 of the lens 114. Accordingly, it
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will be appreciated that the air flow through the air passageway 118 of the
housing 102, the aperture of 146 of the metal heat spreader 112, and the
aperture 140 of the lens 114 assists in dissipating the heat that the metal
heat spreader 112 conducts from the one or more solid state light emitters
106. In some implementations, the metal heat spreader 112 may define
one or more fins 148 in the aperture of the metal heat spreader 112. The
fins 148 in the aperture of the metal heat spreader 112 may assist in
directing airflow through the air passageway 118 of the housing 102, the
aperture of 146 of the metal heat spreader 112, and the aperture 140 of
the lens 114. Additionally, the fins 148 in the aperture of the metal heat
spreader 112 may act as a heat sink.

[00110] In other implementations, the portion 144 of the metal heat
spreader 112 positioned in the aperture 142 of the printed circuit board 110
may be in communication with heat dissipation means such as a heat pipe,
or the portion 144 of the metal heat spreader 112 positioned in the
aperture 142 of the printed circuit board 110 may be a solid core of metal.
[00111] Fig. 15 is a cross section view of one implementation of an
assembled solid state directional lamp 100. As described above, one or
more solid state light emitters 106 are mounted on the printed circuit board
110 assembled with the metal heat spreader 112 and positioned in the
lamp adjacent to a perimeter of the air passageway 118 of the housing
102. When energized, the solid state light emitters 106 direct light rays
towards the reflector 104, which in turn directs the light rays out of the solid
state directional lamp 100 through the lens 114. The lens serves to mix
light from the reflector that may be collimated and assists in providing
uniform face brightness and a lack of appearance of individual solid state
light emitters on the face of the lamp

[00112] When the solid state light emitters 106 are energized, air
flows through the air passageway 118 of the housing 102 via that aperture
140 in the lens 114 and the aperture 146 of the metal heat spreader 112.
As air flows through the air passageway 118 of the housing, airflow is

directed over the power supply housing 116 positioned adjacent to the
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housing 102. Additionally, the airflow assists in dissipating the heat that
the metal heat spreader 112 conducts from the one or more solid state
light emitters 106 mounted on the printed circuit board 110.

[00113] It will be appreciated that the overall design of the directional
lamp 100 provides efficient means for dissipating heat generated by the
one or more solid state light emitters 106 and the power supply. For
example, the airflow through the air passageway 118 provides improved
heat transfer through the direction lamp 100 as heat generated by the solid
state light emitters is dissipated through the metal heat spreader 112 and
the housing 102 acting as a heat sink.

[00114] Fig. 16 is a heat flow diagram illustrating airflow and
temperature when the solid state directional lamp 100 operates in its
primary orientation facing down where the lamp shines toward the floor
from a high mounting location. As the solid state directional lamp 100
shines down, a large amount of airflow is directed around the power supply
housing 116. Given that temperatures in a compact power supply housing
typically exceed a temperature of a heat sink, the airflow generated
provides for lower power supply 116 temperatures. Further, because the
air moving through the air passageway 118 is not preheated, the
temperature of the solid state light emitters 106 remain approximately 5
degrees cooler than when the solid state directional lamp 100 operates in
an opposite orientation facing upwards.

[00115] Another implementation of a solid state directional lamp 200
is illustrated in Figs. 17-29. Fig. 17 is an exploded view of a solid state
directional lamp 200; Fig. 18 is a perspective view of the solid state
directional lamp 200 of Fig. 17; and Fig. 19 is a top view of the solid state
directional lamp 200 of Fig. 17. Similar to the solid state directional lamp
100 described above, the solid state directional lamp 200 may include a
housing 202, a reflector 204, a solid state light emitter 206, an assembly
208 including a printed circuit board 210 and a metal heat spreader 212, a

lens 214, and a power supply housing 216.
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[00116] It should be appreciated that those portions of the solid state
directional lamp 200 that correspond to the portions of the solid state
directional lamp 100 described above with respect to Figs. 1-16 operate in
the solid state directional lamp 200 in the same manner. Accordingly, their
operation will not be described in detail below.

[00117] As with the solid state directional lamp 100 described above,
the one or more solid state light emitters 206 are positioned in the lamp
200 such that when energized, the one or more solid state light emitters
206 direct light rays toward the reflector 204 positioned in an interior of the
housing 202. The reflector 204 directs the received light rays out of the
lens 214 and away from the solid state directional lamp 200. Due to the
color mixing features integrated within the lens 214, the front face of the
solid state directional lamp 200 appears uniform.

[00118] Additionally, due to the placement of the one or more solid
state light emitters 206 within the solid state directional lamp 200, an air
passageway 218 is provided that allows air to flow through the lamp 200.
The air passageway 218 assists in providing cooling to the lamp when one
or more solid state light emitters 206 positioned adjacent to a perimeter of
the air passageway 218 are energized.

[00119] Figs. 20 and 21 illustrate different views of one
implementation of the housing 202. As described above, the housing 202
defines an interior region configured to receive the reflector 204.
Additionally, the housing 202 defines the air passageway 218 that assists
in providing cooling to the lamp. The housing 202 further defines a
plurality of fins 224 that may serve as a heat sink and/or be configured to
direct airflow around the housing 202.

[00120] Figs. 22 and 23 illustrate different view of one implementation
of the reflector 204. As described above, the reflector 204 defines an
aperture 224 configured to allow the air passageway 218 of the housing
202 to pass through the reflector 204 so that when the solid state
directional lamp 200 is assembled, air may flow through the center of the

lamp.
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[00121] The reflector 204 may additionally define a plurality of
geometric curves 226 and a plurality of mirrored portions 228. In some
implementations, the plurality of geometric curves 226 may be a plurality of
segmented parabolas and the plurality of mirrored portions 228 may be a
plurality of mirrored walls. In these implementations, due to the positioning
of the solid state light emitter 206 in the lamp 200 with respect to the
reflector 204, a light ray emitted from a solid state light emitter 206 that
directly impinges a geometric curve 226 is reflected substantially vertically
away from the reflector 204 and towards the lens 214 of the lamp 200.
Additionally, a light ray that directly impinges a mirrored portion 228 is
reflected into the geometric curve 228 and reflected substantially vertically
away from the reflector 204 towards the lens 214 of the lamp 200.

[00122] Figs. 24-28 illustrate different views of one implementation of
the assembly 208 including the printed circuit board 210 and the metal
heat spreader 212. As described above, one or more solid state light
emitters 206 may be mounted on the printed circuit board 210 and
positioned in the lamp 200 to direct light rays into the reflector 204.
[00123] In order to reduce the footprint of the printed circuit board 210
so as not to block light that the reflector 204 directs out of the lamp 200,
the printed circuit board may define one or more extensions 211. In some
implementations, the extensions 211 are positioned substantially
perpendicular to the main surface of the printed circuit board 210 (also
known as the main printed circuit board). The extensions 211 provide
additional surface area to mount electrical components used to drive
and/or operate the solid state light emitters 206 that would otherwise be
positioned on the main surface of the printed circuit board 210. In some
implementations, the extensions 211 may utilize a printed circuit board that
is not thermally conductive. However, in other implementations, the
extensions 211 may utilize a printed circuit board that is thermally
conductive while the main surface of the printed circuit board 210 utilizes a
printed circuit board that is not thermally conductive.
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[00124] As discussed above, in the assembly 208, the metal heat
spreader 212 may contact a back of one or more of the solid state light
emitters 206 in order to assist in dissipating heat generated by the solid
state light emitters 206 when energized. In the implementations illustrated
in Figs. 24-28, the metal heat spreader 212 defines a collar 213 that
extends away from the metal heat spreader 212. The collar 213 assists in
dissipating heat by providing the metal heat spreader 212 with an
increased surface area.

[00125] Further, as shown in Fig. 29, when the solid state directional
lamp 200 is assembled, the collar 213 of the metal heat spreader 212 is in
communication with the air passageway 218 of the housing 202.
Accordingly, it will be appreciated that the airflow passing through the air
passageway 218 of the housing operates in conjunction with the collar 213
of the metal heat spreader 212 to provide improved cooling to the lamp
200 when the one or more solid state light emitters 206 are energized.
[00126] A further implementation of a solid state directional lamp 300
is illustrated in Figs. 30-44. Fig. 30 is an exploded view of a solid state
directional lamp 300; Fig. 31 is a perspective view of the solid state
directional lamp 300 of Fig. 30; and Fig. 32 is a top view of the solid state
directional lamp 300 of Fig. 30. Similar to the solid state lamps 100, 200
described above, the solid state directional lamp 300 may include a
housing 302, a reflector 304, a solid state light emitter 306, an assembly
308 including a printed circuit board 310 and a metal heat spreader 312, a
lens 314, and a power supply housing 316. As described in more detail
below, the solid state directional lamp 300 may additionally include a
second printed circuit board 315 and a reflective center collar 317.

[00127] It should be appreciated that those portions of the solid state
directional lamp 300 that correspond to the portions of the solid state
directional lamp 100 described above with respect to Figs. 1-16 and/or that
correspond to the portions of the solid state directional lamp 200 described

above with respect to Figs. 17-29 operate in the solid state directional lamp
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300 in the same manner. Accordingly, their operation will not be described
in detail below.

[00128] As discussed above, the one or more solid state light emitters
306 are positioned in the lamp 300 such that when energized, the one or
more solid state light emitters 306 direct light rays toward the reflector 304
positioned in an interior of the housing 302. The reflector 304 directs the
received light rays out of the lens 314 and away from the solid state
directional lamp 300. Due to the color mixing features integrated within the
lens 314, the front face of the solid state directional lamp 300 appears
uniform.

[00129] Additionally, due to the placement of the one or more solid
state light emitters 306 within the solid state directional lamp 300, an air
passageway 318 is provided that allows air to flow through the lamp 300.
The air passageway 318 assists in providing cooling to the lamp when one
or more solid state light emitters 306 positioned adjacent to a perimeter of
the air passageway 318 are energized.

[00130] Figs. 33 and 34 illustrate different views of one
implementation of the housing 302. As described above, the housing 302
defines an interior region configured to receive the reflector 304. The
housing 302 additionally defines a recess 309 within the interior region that
is configured to receive the second printed circuit board 315 such that
when the solid state directional lamp 300 is assembled, the second printed
circuit board 315 is positioned in the housing 302 beneath the reflector
304.

[00131] The housing 302 additionally defines the air passageway 318
that assists in providing cooling to the lamp 300. The housing 302 further
defines a plurality of fins 324 that may serve as a heat sink and/or be
configured to direct airflow around the housing 302.

[00132] Figs. 35 and 36 illustrate different views of one
implementation of the reflector 304. As described above, the reflector 304
defines an aperture 324 configured to allow the air passageway of the

housing to pass through the reflector 304 so that when the solid state
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directional lamp 300 is assembled, air may flow through the center of the
lamp.

[00133] In the solid state directional lamps 100, 200 described above,
the reflectors 104, 204 define a plurality of geometric curves and a plurality
of mirrored portions. In the implementation illustrated in Figs. 35 and 36,
the reflector 304 defines a plurality of geometric curves 326. However, the
reflective center collar 317 that is distinct, removable, or separable from
the reflector 304 is a mirrored surface that serves as the plurality of
mirrored portions. In some implementations, the reflective center collar
317 comprises a flexible fabric-like material, also known as a reflective film,
such as WhiteOptics™ produced by WhiteOptics, LLC. In other
implementations, the reflective collar 317 comprises material such as Valar
produced by Genesis Plastics Technology or any other material that is a
highly reflective diffusive white reflector.

[00134] As shown in Figs. 30, 43, and 44, when the solid state
directional lamp 300 is assembled, the reflective center collar 317 is
positioned substantially perpendicular to the plurality of geometric curves
326 of the reflector 304. Due to the positioning of the solid state emitter
306 in the lamp 300 with respect to the reflector 304 and the reflective
center collar 317, a light ray emitted from a solid state light emitter 306 that
directly impinges a geometric curve 326 is reflected substantially vertically
away from the reflector 304 and towards the lens 214 of the lamp 200.
Additionally, a light ray that directly impinges the reflective center collar
317 is reflected into a geometric curve 226 of the reflector 304 and
reflected substantially vertically away from the reflector 304 towards the
lens 314 of the lamp 300.

[00135] As shown in Figs. 35 and 36, in some implementations the
reflector 304 may define a plurality of dimples 319. Typically, each dimple
of the plurality of dimples 319 is associated with a geometric curve of the
plurality of geometric curves 326 and a solid state light emitter 306. A
dimple 319 is positioned on a geometric curve 326 below the solid state

light emitter 306 to assist in dispersing light rays that the geometric curve
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326 would otherwise reflect back into a face of the solid state light emitter
306. In some implementations, a base of one or more dimples of the
plurality of dimples 319 is circular in shape. However, in other
implementations, a base of one or more dimples of the plurality of dimples
319 has a geometric shape other than a circle.

[00136] Figs. 39-41 illustrate different views of one implementation of
the assembly 308 including the printed circuit board 310 and the metal
heat spreader 312. As described above, one or more solid state light
emitters 306 may be mounted on the printed circuit board 310 and
positioned in the lamp 300 to direct light rays into the reflector 304 and the
reflective center collar 317.

[00137] In order to reduce the footprint of the printed circuit board 310
so as not to block light that the reflector 304 directs out of the lamp 300,
the printed circuit board 310 of the assembly 308 may be electrically
connected to the second printed circuit board 315 that is positioned in the
housing 302 behind the reflector 304. The second printed circuit board
315 provides additional surface area to mount electrical components used
to operate the solid state light emitters 306 that would otherwise be
positioned on the printed circuit board 310 of the assembly 308 (also
known as the main printed circuit board). As shown in Figs. 30 and 42, the
electrical connection between the printed circuit board 310 of the assembly
308 and the second printed circuit board 315 may be positioned in the
lamp 300 between the portion of the housing 302 defining the air
passageway 318 and the reflective center collar 317.

[00138] As discussed above, in the assembly 308, the metal heat
spreader 312 may contact a back of one or more of the solid state light
emitters 306 in order to assist in dissipating heat generated by the solid
state light emitters 306 when energized. In the implementations illustrated
in Figs. 39-41, the metal heat spreader 312 defines a collar 313 that
extends away from the metal heat spreader 312. The collar 313 assists in
dissipating heat by providing the metal heat spreader 312 with an

increased surface area.
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[00139] Further, when the solid state directional lamp 300 is
assembled, the collar 313 of the metal heat spreader 312 is in
communication with the air passageway 318 of the housing 302.
Accordingly, it will be appreciated that the airflow passing through the air
passageway 318 of the housing operates in conjunction with the collar 313
of the metal heat spreader 312 to provide improved cooling to the lamp
300 when the one or more solid state light emitters 306 are energized.
[00140] A further implementation of a solid state directional lamp 400
is illustrated in Figs. 45-50. Fig. 45 is an exploded view of a solid state
directional lamp 400. Similar to the solid state lamps 100, 200, 300
described above, the solid state directional lamp 400 may include a
housing 402, a reflector 404, a solid state light emitter 406, an assembly
408 including a printed circuit board 410 and a metal heat spreader 412, a
lens 414, and a power supply housing 416. Further, similar to the solid
state directional lamp 300 described above, the solid state directional lamp
400 may also include a second printed circuit board 415 and a reflective
center collar 417.

[00141] It should be appreciated that those portions of the solid state
directional lamp 400 that correspond to the portions of the solid state
directional lamp 100 described above with respect to Figs. 1-16; that
correspond to the portions of the solid state directional lamp 200 described
above with respect to Figs. 17-29; and/or that correspond to the portions of
the solid state directional lamp 300 described above with respect to Figs.
30-44 operate in the solid state directional lamp 400 in the same manner.
Accordingly, their operation will not be described in detail below.

[00142] As discussed above, the one or more solid state light emitters
406 are positioned in the lamp 400 such that when energized, the one or
more solid state light emitters 406 direct light rays toward the reflector 404
positioned in an interior of the housing 402. The reflector 404 directs the
received light rays out of the lens 414 and away from the solid state

directional lamp 400. Due to the color mixing features integrated within the
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lens 414, the front face of the solid state directional lamp 400 appears
uniform.

[00143] Additionally, due to the placement of the one or more solid
state light emitters 406 within the solid state directional lamp 400, an air
passageway 418 is provided that allows air to flow through the lamp 400.
The air passageway 418 assists in providing cooling to the lamp when one
or more solid state light emitters 406 positioned adjacent to a perimeter of
the air passageway 418 are energized.

[00144] Figs. 46 and 47 illustrate different views of one
implementation of the housing 402. As described above, the housing 302
defines an interior region configured to receive the reflector 304. The
housing 402 additionally defines the air passageway 418 that assists in
providing cooling to the lamp 400. The housing 402 further defines a
plurality of fins 424 that may serve as a heat sink and/or be configured to
direct airflow around the housing 402.

[00145] The housing 402 additionally defines a recess 409 within the
interior region that is configured to receive the second printed circuit board
415 such that when the solid state directional lamp 400 is assembled, the
second printed circuit board 415 is positioned in the housing 402 beneath
the reflector 404. In contrast to the implementations of the solid state
directional lamp 300 described with respect to Figs. 30-44 where the
second printed circuit board 315 is positioned around the portion of the
housing 302 defining the air passageway 318, as shown in Figs. 46-49, the
housing 402 defines a recess 409 at a side of the portion of housing 402
defining the air passageway 418 that is configured to receive the second
printed circuit board 415.

[00146] Referring to Fig. 45, as described above, the reflector 404
defines an aperture 324 configured to allow the air passageway 418 of the
housing 402 to pass through the reflector 404 so that when the solid state
directional lamp 400 is assembled, air may flow through the center of the

lamp.
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[00147] Similar to the solid state directional lamp 300 described
above, the reflector 404 defines a plurality of geometric curves 426 and the
reflective center collar 417 that is distinct from the reflector 404 is a
mirrored surface that serves as the plurality of mirrored portions.
Additionally, the reflector 404 may define a plurality of dimples 419, where
each dimple of the plurality of dimples 419 is associated with a geometric
curve of the plurality of geometric curves 426 and a solid state light emitter
406.

[00148] As shown in Figs. 45, 48, and 49, when the solid state
directional lamp 400 is assembled, the reflective center collar 417 is
positioned substantially perpendicular to the plurality of geometric curves
426 of the reflector 404. Due to the positioning of the solid state emitter
406 in the lamp 400 with respect to the reflector 404 and the reflective
center collar 417, a light ray emitted from a solid state light emitter 406 that
directly impinges a geometric curve 426 is reflected substantially vertically
away from the reflector 404 and towards the lens 414 of the lamp 400.
Additionally, a light ray that directly impinges the reflective center collar
417 is reflected into a geometric curve 426 of the reflector 404 and
reflected substantially vertically away from the reflector 404 towards the
lens 414 of the lamp 400.

[00149] Figs. 1-50 teach solid state directional lamp designs that
include retroreflective, multi-element lamp optics and a hybrid solid state
emitter printed circuit board. As described above, the disclosed solid state
directional lamps provide low face brightness and a lack of appearance of
individual solid state light emitters on the face of the lamp by utilizing solid
state light emitters that direct light into a reflector comprising segmented
parabolas and mirrored walls. Further, due to the position of the solid state
light emitters within the solid state directional lamp design, an air
passageway is provided that allows an airflow through the lamp that
provides cooling during operation.

[00150] It is intended that the foregoing detailed description be

regarded as illustrative rather than limiting, and that it be understood that it
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is the following claims, including all equivalents, that are intended to define

the spirit and scope of this invention.
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WE CLAIM
1. A lamp comprising:

a reflector defining a geometric curve;

a reflective surface that is separable from the reflector defining the
geometric curve; and

a solid state light emitter positioned to direct light rays towards the
reflector defining the geometric curve and to direct light rays towards the
reflective surface;

wherein the reflective surface is configured to direct light rays from
the solid state light emitter into the geometric curve; and

wherein the geometric curve is configured to reflect light rays
received from the solid state light emitter away from the lamp and is
configured to reflect light rays received from the reflective surface away
from the lamp.

2. The lamp of claim 1, wherein the reflector defining the geometric
curve further defines a dimple configured to prevent light rays from being
reflected from the geometric curve into a face of the solid state light

emitter.

3. The lamp of claim 1, further comprising:
a main printed circuit board; and
a metal heat spreader assembled with the main printed circuit board;
wherein the solid state light emitter is mounted on the main printed
circuit board; and
wherein the metal heat spreader is configured to conduct heat

generated by the solid state light emitter when energized.

4. The lamp of claim 3, further comprising:
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a second printed circuit board electrically connected to the main
printed circuit board, wherein electronics for driving the solid state light

emitter are mounted on the second printed circuit board.

5. The lamp of claim 4, further comprising:

a housing defining an interior region and an air passageway, the air
passageway passing through the housing and the interior region;

wherein the solid state light emitter is positioned adjacent to a
perimeter of the air passageway and

wherein the air passageway is configured to provide cooling to the

lamp when the solid state light emitter is energized.

6. The lamp of claim 5, wherein the housing defines a recess in the
interior region configured to receive the second printed circuit board such
that the second printed circuit board is positioned between the housing and

the reflector defining the geometric curve.

7. The lamp of claim 5, wherein the reflective surface is positioned

adjacent to a portion of the housing defining the air passageway.

8. The lamp of claim 7, wherein at least a portion of the electrical
connection between the main printed circuit board and the second printed
circuit board is positioned between the reflective surface and the portion of

the housing defining the air passageway.
9. The lamp of claim 5, wherein the metal heat spreader defines a
collar and wherein the collar is positioned in the air passageway defined by

the housing.

10. The lamp of claim 9, further comprising:
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a lens positioned to cover at least the reflector defining the
geometric curve, the lens defining an aperture in communication with the

air passageway of the housing.

11.  The lamp of claim 5, wherein the housing defines a plurality of fins

configured to act as a heat sink.

12.  Alamp comprising:

a housing defining an interior region and an air passageway, the air
passageway passing through the housing and the interior region;

a reflector defining an aperture configured to allow the air
passageway of the housing to pass through the reflector, the reflector
defining a geometric curve positioned at a perimeter of the aperture;

a solid state light emitter positioned to direct light rays towards the
geometric curve;

wherein the geometric curve is configured to reflect light rays from
the solid state light emitter away from the lamp; and

wherein the air passageway is configured to provide cooling to the

lamp when the solid state light emitter is energized.

13.  The lamp of claim 12, further comprising:
a reflective center collar configured to direct light rays from the solid

state light emitter into the geometric curve.

14.  The lamp of claim 12, wherein the reflector defines a dimple
configured to prevent light rays from being reflected from the geometric

curve into a face of the solid state light emitter.

15.  The lamp of claim 12, further comprising:

a main printed circuit board; and
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a metal heat spreader assembled with the main printed circuit board,
the metal heat spreader defining a collar positioned in the air passageway
of the housing;

wherein the solid state light emitter is mounted on the main printed
circuit board and the metal heat spreader is configured to conduct heat

generated by the solid state light emitter when energized.

16. The lamp of claim 15, further comprising:

a second printed circuit board electrically connected to the main
printed circuit board, wherein electronics for driving the solid state light
emitter are mounted on the second printed circuit board;

wherein the housing defines a recess in the interior region
configured to receive the second printed circuit board such that the second

printed circuit board is positioned between the housing and the reflector.

17.  Alamp comprising:

a reflector defining four geometric curves;

a reflective center collar;

a housing defining an interior region and an air passageway, the air
passageway passing through the housing and the interior region, and the
interior region configured to receive the reflector;

a plurality of solid state light emitters positioned around a perimeter
of the air passageway, the plurality of solid state light emitters positioned to
direct light rays towards the reflector and to direct light rays towards the
reflective center collar;

wherein the air passageway is configured to provide cooling to the
lamp when the plurality of solid state light emitters is energized,;

wherein the reflective center collar is configured to direct light rays
from the plurality of solid state light emitters into the geometric curves of
the reflector; and

wherein the geometric curves are configured to reflect light rays

from the plurality of solid state light emitters away from the lamp and is
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configured to reflect light rays received from the reflective center collar

away from the lamp.

18.  The lamp of claim 17, further comprising:

a main printed circuit board; and

a metal heat spreader assembled with the main printed circuit board,
the metal heat spreader defining a collar positioned in the air passageway
of the housing;

a second printed circuit board electrically connected to the main
printed circuit board,;

wherein the plurality of solid state light emitters is mounted on the
main printed circuit board, electronics for driving the plurality of solid state
light emitters are mounted on the second printed circuit board, and the
metal heat spreader is configured to conduct heat generated by the
plurality of solid state light emitters when energized; and

wherein the housing defines a recess in the interior region
configured to receive the second printed circuit board such that the second

printed circuit board is positioned between the housing and the reflector.

19. The lamp of claim 18, wherein the main printed circuit board is not

thermally conductive.

20. The lamp of claim 17, further comprising:

a lens comprising a plurality of microlenses, the lens positioned to
cover at least the reflector, the lens configured to mix different colors of
light.
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