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(57) ABSTRACT 

A mounting substrate for a semiconductor light emitting 
device includes a solid metal block having ?rst and second 
opposing metal faces. The ?rst metal face includes a cavity 
that is con?gured to mount at least one semiconductor light 
emitting device therein, and to re?ect light that is emitted by 
at least one semiconductor light emitting device that is 
mounted therein aWay from the cavity. The second metal 
face includes heat sink ?ns therein. One or more semicon 
ductor light emitting devices are mounted in the cavity. 
Re?ective coatings, conductive traces, insulating layers, 
pedestals, through holes, lenses, ?exible ?lms, optical ele 
ments, phosphor, integrated circuits and/or optical coupling 
media also may be provided in the package. Related pack 
aging methods also may be provided. 
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SOLID METAL BLOCK SEMICONDUCTOR LIGHT 
EMITTING DEVICE MOUNTING SUBSTRATES 
AND PACKAGES INCLUDING CAVITIES AND 
HEAT SINKS, AND METHODS OF PACKAGING 

SAME 

FIELD OF THE INVENTION 

[0001] This invention relates to semiconductor light emit 
ting devices and manufacturing methods therefor, and more 
particularly to packaging and packaging methods for semi 
conductor light emitting devices. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor light emitting devices, such as 
Light Emitting Diodes (LEDs) or laser diodes, are Widely 
used for many applications. As is Well knoWn to those 
having skill in the art, a semiconductor light emitting device 
includes one or more semiconductor layers that are con?g 
ured to emit coherent and/or incoherent light upon energi 
Zation thereof. It is also knoWn that the semiconductor light 
emitting device generally is packaged to provide external 
electrical connections, heat sinking, lenses or Waveguides, 
environmental protection and/or other functions. 

[0003] For example, it is knoWn to provide a tWo-piece 
package for a semiconductor light emitting device, Wherein 
the semiconductor light emitting device is mounted on a 
substrate that comprises alumina, aluminum nitride and/or 
other materials, Which include electrical traces thereon, to 
provide external connections for the semiconductor light 
emitting device. A second substrate Which may comprise 
silver plated copper, is mounted on the ?rst substrate, for 
example using glue, surrounding the semiconductor light 
emitting device. A lens may be placed on the second 
substrate over the semiconductor light emitting device. 
Light emitting diodes With tWo-piece packages as described 
above are described in Application Serial No. US 2004/ 
0041222 Al to Loh, entitled PoWer Surface Mount Light 
Emitting Die Package, published Mar. 4, 2004, assigned to 
the assignee of the present invention, the disclosure of Which 
is hereby incorporated herein by reference in its entirety as 
if set forth fully herein. 

SUMMARY OF THE INVENTION 

[0004] Some embodiments of the present invention pro 
vide a mounting substrate for a semiconductor light emitting 
device that includes a solid metal block having ?rst and 
second opposing metal faces. The ?rst metal face includes 
therein a cavity that is con?gured to mount at least one 
semiconductor light emitting device therein and to re?ect 
light that is emitted by at least one semiconductor light 
emitting device that is mounted therein aWay from the 
cavity. The second metal face includes therein a plurality of 
heat sink ?ns. 

[0005] In some embodiments, a re?ective coating is pro 
vided in the cavity. In other embodiments, ?rst and second 
conductive traces are provided in the cavity that are con?g 
ured to connect to at least one semiconductor light emitting 
device that is mounted in the cavity. In yet other embodi 
ments, an insulating layer is provided on the ?rst metal face, 
and a conductive layer is provided on the insulating layer 
that is patterned to provide the re?ective coating in the 
cavity and the ?rst and second conductive traces in the 
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cavity. The solid metal block can be a solid aluminum block 
With an aluminum oxide insulating layer. In other embodi 
ments, the solid metal block is a solid steel block With a 
ceramic insulating layer. 

[0006] In still other embodiments of the invention, the ?rst 
metal face includes a pedestal therein, and the cavity is in the 
pedestal. In yet other embodiments, the solid metal block 
includes a through hole therein that extends from the ?rst 
face to the second face. The through hole includes a con 
ductive via therein that is electrically connected to the ?rst 
or second conductive traces. 

[0007] In some embodiments of the present invention, a 
semiconductor light emitting device is mounted in the 
cavity. In other embodiments, a lens extends across the 
cavity. In still other embodiments, When the cavity is in a 
pedestal, the lens extends across the pedestal and across the 
cavity. In still other embodiments, a ?exible ?lm that 
includes an optical element therein is provided on the ?rst 
metal face, Wherein the optical element extends across the 
cavity or extends across the pedestal and across the cavity. 
Accordingly, semiconductor light emitting device packages 
may be provided. 

[0008] Phosphor also may also be provided according to 
various elements of the present invention. In some embodi 
ments, a coating including phosphor is provided on the inner 
and/or outer surface of the lens or optical element. In other 
embodiments, the lens or optical element includes phosphor 
dispersed therein. In yet other embodiments, a phosphor 
coating is provided on the semiconductor light emitting 
device itself. Combinations of these embodiments also may 
be provided. 

[0009] An integrated circuit also may be provided on the 
solid metal block that is electrically connected to the ?rst 
and second traces. The integrated circuit may be a light 
emitting device driver integrated circuit. Finally, an optical 
coupling medium may be provided in the cavity and at least 
partially surrounding the light emitting device. 

[0010] Other embodiments of the present invention pro 
vide a mounting substrate for an array of semiconductor 
light emitting devices. In these embodiments, the ?rst metal 
face includes therein a plurality of cavities, a respective one 
of Which is con?gured to mount at least one semiconductor 
light emitting device therein, and to re?ect light that is 
emitted by the at least one semiconductor light emitting 
device that is mounted therein aWay from the respective 
cavity. The second metal face includes a plurality of heat 
sink ?ns. A re?ective coating, conductive traces, an insulat 
ing layer, pedestals, through holes, lenses, ?exible ?lms, 
optical elements, phosphor, integrated circuits and/or optical 
coupling media also may be provided according to any of the 
embodiments that Were described above, to provide semi 
conductor light emitting device packages. Moreover, the 
cavities may be uniformly and/or nonuniformly spaced apart 
from one another in the ?rst face. 

[0011] Semiconductor light emitting devices may be pack 
aged according to some embodiments of the present inven 
tion by fabricating a solid metal block including one or more 
cavities in a ?rst face thereof and a plurality of heat sink ?ns 
in a second face thereof, forming an insulating layer on the 
?rst face, forming a conductive layer and mounting a 
semiconductor light emitting device in at least one of the 
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cavities. Pedestals, through holes, lenses, ?exible ?lms, 
optical elements, phosphor, integrated circuits and/or optical 
coupling media may be provided according to any of the 
embodiments that Were described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1A-1H are side cross-sectional vieWs of 
mounting substrates for semiconductor light emitting 
devices according to various embodiments of the present 
invention. 

[0013] FIG. 2 is a ?owchart of steps that may be per 
formed to fabricate mounting substrates for semiconductor 
light emitting devices according to various embodiments of 
the present invention. 

[0014] FIGS. 3A and 3B are top and bottom perspective 
vieWs of a semiconductor light emitting device package 
according to various embodiments of the present invention. 

[0015] FIG. 4 is an exploded perspective vieW of a 
packaged semiconductor light emitting device according to 
various embodiments of the present invention. 

[0016] FIG. 5 is an assembled perspective vieW of a 
packaged semiconductor light emitting device according to 
various embodiments of the present invention. 

[0017] FIGS. 6A-6H are cross-sectional vieWs of trans 
missive optical elements according to various embodiments 
of the present invention that may be used With semiconduc 
tor light emitting devices. 

[0018] FIG. 7 is a cross-sectional vieW of a semiconductor 
light emitting device package according to other embodi 
ments of the present invention. 

[0019] FIG. 8 is a schematic diagram of a molding appa 
ratus that may be used to fabricate optical elements accord 
ing to embodiments of the present invention. 

[0020] FIGS. 9 and 10 are ?oWcharts of steps that may be 
performed to package semiconductor light emitting devices 
according to various embodiments of the present invention. 

[0021] FIGS. 11A and 11B, 12A and 12B, and 13A and 
13B are cross-sectional vieWs of semiconductor light emit 
ting device packages during intermediate fabrication steps 
according to various embodiments of the present invention. 

[0022] FIG. 14 is an exploded cross-sectional vieW of a 
semiconductor light emitting device package and fabrication 
methods therefor, according to various embodiments of the 
present invention. 

[0023] FIGS. 15-25 are cross-sectional vieWs of semicon 
ductor light emitting device packages according to various 
embodiments of the present invention. 

[0024] FIG. 26 is a perspective vieW of a semiconductor 
light emitting device package according to various embodi 
ments of the present invention. 

[0025] FIG. 27 is a side cross-sectional vieW of a pack 
aged semiconductor light emitting device according to vari 
ous embodiments of the present invention. 

[0026] FIG. 28 is a perspective vieW of FIG. 27. 
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[0027] FIG. 29 is a side cross-sectional vieW of a pack 
aged semiconductor light emitting device according to other 
embodiments of the present invention. 

[0028] FIG. 30 is a ?owchart of steps that may be per 
formed to package semiconductor light emitting devices 
according to various embodiments of the present invention. 

DETAILED DESCRIPTION 

[0029] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which embodiments of the invention are shoWn. 
HoWever, this invention should not be construed as limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will fully convey the scope of the 
invention to those skilled in the art. In the draWings, the 
thickness of layers and regions are exaggerated for clarity. 
Like numbers refer to like elements throughout. As used 
herein the term “and/or” includes any and all combinations 
of one or more of the associated listed items and may be 
abbreviated as “/”. 

[0030] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention. As used herein, the singular 
forms “a”, “an” and “the” are intended to include the plural 
forms as Well, unless the context clearly indicates otherWise. 
It Will be further understood that the terms “comprises” 
and/or “comprising,” When used in this speci?cation, specify 
the presence of stated features, regions, steps, operations, 
elements, and/or components, but do not preclude the pres 
ence or addition of one or more other features, regions, 
steps, operations, elements, components, and/or groups 
thereof. 

[0031] It Will be understood that When an element such as 
a layer or region is referred to as being “on” or extending 
“onto” another element, it can be directly on or extend 
directly onto the other element or intervening elements may 
also be present. In contrast, When an element is referred to 
as being “directly on” or extending “directly onto” another 
element, there are no intervening elements present. It Will 
also be understood that When an element is referred to as 
being “connected” or “coupled” to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, When an 
element is referred to as being “directly connected” or 
“directly coupled” to another element, there are no inter 
vening elements present. 

[0032] It Will be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various ele 
ments, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections 
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 ?rst 
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 invention. 

[0033] Furthermore, relative terms, such as “loWer”, 
“base”, or “horizontal”, and “upper , top”, or “vertical” 
may be used herein to describe one element’s relationship to 
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another element as illustrated in the Figures. It Will be 
understood that relative terms are intended to encompass 
different orientations of the device in addition to the orien 
tation 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 the other elements. The exemplary term 
“loWer”, can therefore, encompasses both an orientation of 
“loWer” and “upper,” depending on the particular orientation 
of the ?gure. Similarly, if the device in one of the ?gures is 
turned over, elements described as “beloW” or “beneath” 
other elements Would then be oriented “above” the other 
elements. The exemplary terms “beloW” or “beneath” can, 
therefore, encompass both an orientation of above and 
beloW. 

[0034] Embodiments of the present invention are 
described herein With reference to cross section illustrations 
that are schematic illustrations of idealized-embodiments of 
the present invention. As such, variations from the shapes of 
the illustrations as a result, for example, of manufacturing 
techniques and/or tolerances, are to be expected. Thus, 
embodiments of the present invention should not be con 
strued as limited to the particular shapes of regions illus 
trated herein but are to include deviations in shapes that 
result, for example, from manufacturing. For example, a 
region illustrated or described as ?at may, typically, have 
rough and/or nonlinear features. Moreover, sharp angles that 
are illustrated, typically, may be rounded. Thus, the regions 
illustrated in the ?gures are schematic in nature and their 
shapes are not intended to illustrate the precise shape of a 
region and are not intended to limit the scope of the present 
invention. 

[0035] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to Which this invention belongs. It Will be further 
understood that terms, such as those de?ned in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent With their meaning in the context of the 
relevant art and Will not be interpreted in an idealiZed or 
overly formal sense unless expressly so de?ned herein. 

[0036] FIGS. 1A-1H are side cross-sectional vieWs of 
mounting substrates for semiconductor light emitting 
devices according to various embodiments of the present 
invention. Referring to FIG. 1A, mounting substrates for 
semiconductor light emitting devices according to various 
embodiments of the invention include a solid metal block 
100 having a cavity 110 in a ?rst metal face 100a thereof, 
that is con?gured to mount a semiconductor light emitting 
device therein, and to re?ect light that is emitted by at least 
one semiconductor light emitting device that is mounted 
therein aWay from the cavity 110. In some embodiments, the 
solid metal block 100 is a solid aluminum block or a solid 
steel block. The cavity 110 may be formed by machining, 
coining, etching and/or other conventional techniques. The 
siZe and shape of the cavity 110 may be con?gured to 
enhance or optimiZe the amount and/ or direction of light that 
is re?ected aWay from the cavity 110 from a semiconductor 
light emitting device that is mounted in the cavity 110. For 
example, oblique sideWalls 110a and or a semi-ellipsoidal 
cross-sectional pro?le may be provided, so as to re?ect light 
that is emitted by at least one semiconductor light emitting 
device that is mounted therein aWay from the cavity 110. An 
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additional re?ective layer also may be provided on the 
cavity sideWall and/or ?oor, as Will be described beloW. 

[0037] Still referring to FIG. 1A, the second metal face 
100!) of the solid metal block 100 includes a plurality of heat 
sink ?ns 190 therein. The number, spacing and/or geometry 
of the heat sink ?ns 190 may be varied for desired heat 
dissipation, as is Well knoWn to those having skill in the art. 
Moreover, the heat sink ?ns need not be uniformly spaced, 
need not be straight, need not be rectangular in cross 
section, and can be provided in a one-dimensional elongated 
array and/or in a tWo-dimensional array of heat sink ?n posts 
using techniques that are Well knoWn to those having skill in 
the art. Each ?n may itself include one or more projecting 
?ns thereon. In some embodiments, the metal block 100 may 
be a rectangular solid metal block of aluminum or steel 
about 6 mm><about 9 mm, and about 2 mm thick, and the 
cavity 110 may be about 1.2 mm deep With a circular ?oor 
that is about 2.5 mm in diameter, With sideWalls 110a that 
are of any simple or complex shape to obtain desired 
radiation patterns. HoWever, the block 100 may have other 
polygonal and/or ellipsoidal shapes. Moreover, in some 
embodiments, an array of 12 heat sink ?ns 190 may be 
provided, Wherein the heat sink ?ns have a Width of 2 mm, 
a pitch of 5 mm and a depth of 9 mm. HoWever, many other 
con?gurations of heat sink ?ns 190 may be provided. For 
example, many heat sink design pro?les may be found on 
the Web at aavid.com. 

[0038] FIG. 1B illustrates mounting substrates according 
to other embodiments of the present invention. As shoWn in 
FIG. 1B, an electrically insulating coating 120 is provided 
on the surface of the solid metal block 100. The insulating 
coating 120 may be provided on the entire exposed surface 
of the solid metal block, including the heat sink ?ns 190, or 
excluding the heat sink ?ns 190 as shoWn in FIG. 1B, or on 
only a smaller portion of the exposed surface of the solid 
metal block. In some embodiments, as Will be described 
beloW, the insulating coating 120 includes a thin layer of 
aluminum oxide (A203) that may be formed, for example, 
by anodic oxidation of the solid metal block 100 in embodi 
ments Where the solid metal block 100 is aluminum. In other 
embodiments, the insulating coating 120 includes a ceramic 
coating on a solid steel block 100. In some embodiments, the 
coating 120 is su?iciently thick to provide an electrical 
insulator, but is maintained su?iciently thin so as not to 
unduly increase the thermal conductive path therethrough. 

[0039] Solid metal blocks 100 of aluminum including thin 
insulating coatings 120 of aluminum oxide may be provided 
using substrates that are marketed by the IRC Advanced 
Film Division of TT Electronics, Corpus Christi, Tex., under 
the designation AnothermTM, that are described, for 
example, in brochures entitled Thick Film Application Spe 
ci?c Capabilities and Insulated Aluminum Substrates, 2002, 
both of Which are available on the Web at irctt.com. More 
over, solid metal blocks 100 of steel With an insulating 
coating 120 of ceramic may be provided using substrates 
that are marketed by Heatron Inc., Leavenworth, Kans., 
under the designation ELPOR°, that are described, for 
example, in a brochure entitled Metal Care PCBsfor LED 
Light Engines, available on the Web at heatron.com. Cavi 
ties 110 and heat sink ?ns 190 may be provided in these solid 
metal blocks according to any of the embodiments described 
herein. Other solid metal blocks 100 With insulating coatings 
120 may be provided With at least one cavity 110 in a ?rst 
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metal face 100a thereof, and a plurality of heat sink ?ns 190 
in a second metal face 100!) thereof in other embodiments of 
the present invention. 

[0040] Referring noW to FIG. 1C, ?rst and second spaced 
apart conductive traces 130a, 1301) are provided on the 
insulating coating 120 in the cavity 110. The ?rst and second 
spaced apart conductive traces 130a, 1301) are con?gured to 
connect to a semiconductor light emitting device that is 
mounted in the cavity 110. As shoWn in FIG. 1C, in some 
embodiments, the ?rst and second spaced apart conductive 
traces 130a and 1301) can extend from the cavity 110 onto 
the ?rst face 10011 of the solid metal block 100. When the 
insulating coating 120 is provided on only a portion of the 
solid metal block 100, it may be provided betWeen the ?rst 
and second spaced apart traces 130a and 13019 and the solid 
metal block 100, to thereby insulate the ?rst and second 
metal traces 130a and 13019 from the solid metal block 100. 

[0041] FIG. 1D illustrates other embodiments of the 
present invention Wherein the ?rst and second spaced apart 
conductive traces 130a‘, 1301)‘ extend from the cavity 110 to 
the ?rst face 100a around at least one side 1000 of the metal 
block and onto a second face 100!) of the metal block that is 
opposite the ?rst face 110a. Thus, backside contacts may be 
provided. 

[0042] In some embodiments of the invention, the ?rst and 
second spaced apart conductive traces 130a, 1301) and/or 
130a‘, 1301)‘ comprise metal and, in some embodiments, a 
re?ective metal such as silver. Thus, in some embodiments 
of the present invention, a conductive layer is provided on 
the insulating layer 120 that is patterned to provide a 
re?ective coating in the cavity 110 and ?rst and second 
conductive traces 130a, 1301) that are con?gured to connect 
to at least one semiconductor light emitting device that is 
mounted in the cavity 110. 

[0043] In other embodiments, as shoWn in FIG. 1 E, one 
or more separate re?ective layers 132a, 1321) may be pro 
vided on the spaced apart conductive traces 130a‘, 1301)‘ 
and/or in the cavity 110. In these embodiments, the conduc 
tive traces 130a‘, 1301)‘ may comprise copper, and the 
re?ective layers 132a, 1321) may comprise silver. In con 
trast, in embodiments of FIGS. 1C and/or 1D, the conduc 
tive traces may comprise silver to provide an integral 
re?ector. 

[0044] In still other embodiments, a separate re?ector 
layer need not be provided. Rather, the surface of the cavity 
110 including the sideWall 110a may provide su?icient 
re?ectance. Thus, the cavity 110 is con?gured geometrically 
to re?ect light that is emitted by at least one semiconductor 
light emitting device that is mounted therein, for example, 
by providing oblique sideWall(s) 110a, re?ective oblique 
sideWall(s) 110a and/or a re?ective coating 132a and/or 
132!) on the oblique sideWall(s) 110a and/or on the ?oor of 
the cavity 110, such that the dimensions and/or sideWall 
geometry of the cavity act to re?ect light that is emitted by 
at least one semiconductor light emitting device that is 
mounted in the cavity 110, aWay from the cavity 110. 
Re?ection may be provided or enhanced by the addition of 
a re?ective coating 132a and/or 132!) in the cavity 110. 

[0045] In still other embodiments of the present invention, 
as illustrated in FIG. 1F, backside contacts may be provided 
by providing ?rst and/or second through holes 140a and/or 
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140b, Which may be formed in the solid metal block 100 by 
machining, etching and/or other conventional techniques. 
Moreover, as shoWn in FIG. IF, the insulating coating 120 
extends into the through holes 140a and 14019. First and 
second conductive vias 142a, 1421) are provided in the ?rst 
and second through holes 140a, 140b, and are insulated from 
the solid metal block 100 by the insulating coating 120 in 
through holes 140a, 1401). 

[0046] In FIG. IF, the through holes 140a and 140b, and 
the conductive vias 142a and 14219 extend from the cavity 
110 to the second face 10019. The through holes 140a, 1401) 
may be orthogonal and/or oblique to the ?rst and second 
faces 100a, 1001). First and second spaced apart conductive 
traces 130a‘, 1301)‘ may be provided in the cavity 110, and 
electrically connected to the respective ?rst and second 
conductive vias 142a, 1421). On the second face 100b, third 
and fourth spaced apart conductive traces 1300, 130d also 
may be provided that are electrically connected to the 
respective ?rst and second conductive vias 142a, 1421). A 
solder mask layer may be provided in some embodiments to 
isolate the third and fourth conductive traces 1300, 130d on 
the second face 100b, to facilitate circuit board assembly. 
Solder mask layers are Well knoWn to those having skill in 
the art and need not be described further herein. As shoWn 
in FIG. 1F, heat sink ?ns 190 may be provided in the center 
and/or at the edges of the solid metal block 100, i.e., adjacent 
the cavity 110 and/or offset from the cavity 110. 

[0047] In embodiments of FIG. IF, the ?rst and second 
through holes 140a, 1401) and the ?rst and second conduc 
tive vias 142a, 1421) extended from the cavity 110 to the 
second face 10019. In embodiments of FIG. 1G, the ?rst and 
second through holes 140a‘, 1401)‘ and the ?rst and second 
conductive vias 142a‘, 1421)‘ extend from the ?rst face 100a 
outside the cavity 110 to the second face 10019. The through 
holes 140a‘, 1401)‘ may be orthogonal and/or oblique to the 
?rst and second faces 100a, 1001). First and second spaced 
apart conductive traces 130a", 1301)" extend from the cavity 
110 to the respective ?rst and second conductive vias 142a‘, 
1421)‘ on the ?rst face 100a. Third and fourth traces 1300', 
130d‘ are provided on the second face 100!) that electrically 
connect to the respective ?rst and second conductive via 
142a‘, 1421)‘. As shoWn in FIG. 1G, heat sink ?ns 190 may 
be provided in the center and/or at the edges of the solid 
metal block 100, i.e., adjacent the cavity 110 and/or offset 
from the cavity 110. 

[0048] FIG. 1H illustrates embodiments of the invention 
that Were described in connection With FIG. 1D, and Which 
further include a semiconductor light emitting device 150 
that is mounted in the cavity and that is connected to the ?rst 
and second spaced apart electrical traces 130a‘, 1301)‘. More 
over, FIG. 1H illustrates that in other embodiments, a lens 
170 extends across the cavity. In still other embodiments, an 
encapsulant 160 is provided betWeen the semiconductor 
light emitting device 150 and the lens 170. The encapsulant 
160 may comprise clear epoxy and can enhance optical 
coupling from the semiconductor light emitting device 150 
to the lens 170. The encapsulant 160 also may be referred to 
herein as an optical coupling media. In some embodiments, 
a lens retainer 180 is provided on the solid metal block 100, 
to hold the lens 170 across the cavity 110. In other embodi 
ments, the lens retainer 180 may not be used. 

[0049] The semiconductor light emitting device 150 can 
comprise a light emitting diode, laser diode and/or other 
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device Which may include one or more semiconductor 

layers, Which may comprise silicon, silicon carbide, gallium 
nitride and/or other semiconductor materials, a substrate 
Which may comprise sapphire, silicon, silicon carbide, gal 
lium nitride or other microelectronic substrates, and one or 
more contact layers Which may comprise metal and/ or other 
conductive layers. The design and fabrication of semicon 
ductor light emitting devices are Well knoWn to those having 
skill in the art. 

[0050] For example, the light emitting device 150 may be 
gallium nitride based LEDs or lasers fabricated on a silicon 
carbide substrate such as those devices manufactured and 
sold by Cree, Inc. of Durham, NC. For example, the present 
invention may be suitable for use With LEDs and/or lasers as 
described in US. Pat. Nos. 6,201,262, 6,187,606, 6,120,600, 
5,912,477, 5,739,554, 5,631,190, 5,604,135, 5,523,589, 
5,416,342, 5,393,993, 5,338,944, 5,210,051, 5,027,168, 
5,027,168, 4,966,862 and/or 4,918,497, the disclosures of 
Which are incorporated herein by reference as if set forth 
fully herein. Other suitable LEDs and/or lasers are described 
in published US. Patent Publication No. US 2003/0006418 
A1 entitled Group III Nitride Based Light Emitting Diode 
Structures With a Quantum Well and Superlattice, Group III 
Nitride Based Quantum Well Structures and Group III 
Nitride Based Superlattice Structures, published Jan. 9, 
2003, as Well as published US. Patent Publication No. US 
2002/0123164 A1 entitled Light Emitting Diodes Including 
Modi?cations for Light Extraction and Manufacturing 
Methods Therefor. Furthermore, phosphor coated LEDs, 
such as those described in United States Patent Application 
No. US 2004/0056260 A1, published on Mar. 25, 2004, 
entitled Phosphor-Coated Light Emitting Diodes Including 
Tapered SideWalls, and Fabrication Methods Therefor, the 
disclosure of Which is incorporated by reference herein as if 
set forth fully, may also be suitable for use in embodiments 
of the present invention. 

[0051] The LEDs and/or lasers may be con?gured to 
operate such that light emission occurs through the sub 
strate. In such embodiments, the substrate may be patterned 
so as to enhance light output of the devices as is described, 
for example, in the above-cited US. Patent Publication No. 
US 2002/0123164 A1. 

[0052] It Will be understood by those having skill in the art 
that, although the embodiments of FIGS. 1A-1H have been 
illustrated as separate embodiments, various elements of 
FIGS. 1A-1H may be used together to provide various 
combinations and/or subcombinations of elements. Thus, for 
example, the re?ective layer 132a, 1321) may be used in any 
of the embodiments shoWn, and the semiconductor light 
emitting device 150, lens 170, encapsulant 160 and/or the 
lens retainer 180 may be used in any of the embodiments 
shoWn. Accordingly, the present invention should not be 
limited to the separate embodiments that are shoWn in FIGS. 
1A-1H. 

[0053] FIG. 2 is a ?owchart of steps that may be per 
formed to package semiconductor light emitting devices 
according to various embodiments of the present invention. 
Referring to FIG. 2, as shoWn at Block 210, a solid block, 
such as an aluminum or steel block 100 of FIGS. 1A-1H, is 
provided including a cavity, such as cavity 110, in a face 
thereof, that is con?gured to mount a semiconductor light 
emitting device therein and to re?ect light that is emitted by 
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at least one semiconductor light emitting device that is 
mounted therein aWay from the cavity 110. The block 100 
also includes therein a plurality of heat sink ?ns 190 on the 
second face 100!) thereof. As Was described above, the 
cavity may be provided by machining, coining, etching 
and/or other conventional techniques. The heat sink ?ns 190 
may also be provided by these and/or other techniques. 
Moreover, in other embodiments, the solid metal block may 
also contain the ?rst and second spaced apart through holes 
such as through holes 140a, 1401) and/or 140a‘, 1401)‘ that 
extend therethrough, and Which may be fabricated by 
machining, etching and/ or other conventional techniques. 

[0054] Referring again to FIG. 2, at Block 220, an insu 
lating coating is formed on at least some of the surface of the 
solid metal block. In some embodiments, a solid aluminum 
block is oxidiZed. In other embodiments, a ceramic coating 
is provided on a solid steel block. Other insulating coatings 
and other solid metal blocks may be provided. In some 
embodiments, the entire exposed surface of the solid metal 
block is coated. Moreover, When through holes are provided, 
the inner surfaces of the through holes also may be coated. 
In other embodiments, only portions of the metal block are 
coated, for example, by providing a masking layer on those 
portions Which are desired not to be coated. OxidiZation of 
aluminum is Well knoWn to those having skill in the art and 
may be performed, for example, using an anodic oxidation 
processes and/ or other oxidation processes, to provide a thin 
layer of A1203 on the aluminum. Ceramic coatings on steel 
are also Well knoWn to those having skill in the art and need 
not be described further herein. 

[0055] Still referring to FIG. 2, at Block 230, ?rst and 
second spaced apart conductive traces, such as traces 130a, 
1301) and/or 130a‘, 1301)‘, are fabricated in the cavity on the 
?rst face, on the sides and/or on the second face, depending 
on the con?guration, as Was described above. Moreover, in 
some embodiments, conductive vias, such as vias 142a, 
1421) and/or 142a‘, 1421)‘ may be fabricated in through holes. 
The conductive vias and/or the re?ector layer may be 
fabricated prior to, concurrent With and/or after the conduc 
tive traces. The fabrication of conductive traces on a solid 
metal block that is coated With an insulating layer is Well 
knoWn to provide circuit board-like structures With an 
aluminum, steel and/or other core, and accordingly need not 
be described in detail herein. 

[0056] Finally, at Block 240, other operations are per 
formed to mount the semiconductor device, lens, ?exible 
?lm encapsulant and/or retainer on the substrate, as 
described herein. It also Will be noted that in some alternate 
implementations, the functions/acts noted in the blocks of 
FIG. 2 may occur out of the order noted in the ?oWchart. For 
example, tWo blocks shoWn in succession may, in fact, be 
executed substantially concurrently, or the blocks may 
sometimes be executed in the reverse order, depending upon 
the functionality/acts involved. 

[0057] FIGS. 3A and 3B are top and bottom perspective 
vieWs, respectively, of packages according to embodiments 
of the present invention, Which may correspond to the 
cross-sectional vieW of FIG. 1D. FIGS. 3A and 3B illus 
trate the solid metal block 100, the cavity 110, the ?ns 190, 
the ?rst and second spaced apart conductive traces 130a‘, 
1301)‘ that Wrap around the solid metal block, and the 
semiconductor light emitting device 150 mounted in the 
























