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A light-emitting device may include a ceramic substrate
(21) Appl. No.: 16/879,498 having a reflective component, a light-emitting diode on the
ceramic substrate, and a light-converting material over the
(22) Filed: May 20, 2020 light-emitting diode. A lighting system may include a
ceramic substrate having a retlective component, a plurality
Related U.S. Application Data of light-emitting diodes connected together 1n series,
(63) Continuation of application No. 14/231,657, filed on where%n the plurality of }ight-emittin.g diodes ate ol tf-’le
Mar. 31, 2014, now Pat. No. 10,663.142. ceramic sub?,trate, and a llght-conveﬂlng materlal over the
plurality of light-emitting diodes. The ceramic substrate may
Publication Classification p%*ovide clectrical ‘insulatim'l between th'e light-emitting
diode and the aluminum carrier. The ceramic substrate may
(51) Int. CL provide thermal conductivity between the light-emitting
F21V 7/00 (2006.01) diode and the aluminum carrier. The reflective component
F21V 23/00 (2006.01) may include zircommum oxide. The ceramic substrate may
F21V 29/503 (2006.01) include aluminum oxide and/or aluminum nitride. The light-
F2IK 9/64 (2006.01) converting material may include phosphor. The light-emit-
F2IK 9/60 (2006.01) ting diode may have an epitaxial diode structure.
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LIGHT-EMITTING DEVICE WITH
REFLECTIVE CERAMIC SUBSTRATE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 14/231,657, filed Mar. 31, 2014, the
entire contents of which are hereby incorporated by refer-
ence.

FIELD

[0002] The present disclosure relates generally to a light-
emitting device and, more particularly, to a light-emitting
device with a reflective ceramic substrate.

BACKGROUND

[0003] A light-emitting device may include a substrate
located between light-emitting diodes and a heat sink. Dii-
ferent substrates may have diflerent thermal conductivities,
different electrical conductivities, and/or different conver-
sion efliciencies. A substrate with low thermal conductivity
may transier relatively less heat from the light-emitting
diodes to the heat sink, thereby causing the light-emitting
diodes to overheat. A substrate with high electrical conduc-
tivity may allow relatively more power to escape through the
substrate, thereby decreasing power efliciency of the light-
emitting device. A substrate with low conversion efliciency
may have relatively high light-absorption, thereby decreas-
ing the total emission of light from the light-emitting device.
[0004] In existing systems, the substrate may include
sapphire or silicon. However, sapphire has low thermal
conductivity, and silicon has high electrical conductivity and
low conversion efliciency. Although an electrical 1nsulator
may be added between a silicon substrate and the heat sink
in order to reduce electrical conductivity, providing such an
additional layer adds manufacturing steps and production
costs. Therefore, a need exists for a substrate that has high
thermal conductivity, dielectric properties, and high conver-
sion efliciency, without requiring additional manufacturing
steps.

SUMMARY

[0005] Several aspects of the present mvention will be
described more fully heremnafter with reference to various
apparatuses.

[0006] One aspect of a light-emitting device 1s disclosed.
A light-emitting device may include a ceramic substrate
having a reflective component, a light-emitting diode on the
ceramic substrate, and a light-converting material over the
light-emitting diode.

[0007] One aspect of a lighting system 1s disclosed. A
lighting system may include a ceramic substrate having a
reflective component, a plurality of light-emitting diodes
connected together in series, wherein the plurality of light-
emitting diodes are on the ceramic substrate, and a light-
converting material over the plurality of light-emitting
diodes.

[0008] It 1s understood that other aspects of apparatuses
will become readily apparent to those skilled in the art from
the following detailed description, wherein various aspects
of apparatuses and methods are shown and described by way
of 1llustration. As understood by one of ordinary skill in the
art, these aspects may be implemented 1n other and different
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forms and its several details are capable of modification 1n
vartous other respects. Accordingly, the drawings and
detailed description are to be regarded as illustrative 1n
nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various aspects of apparatuses will now be pre-
sented 1n the detailed description by way of example, and
not by way of limitation, with reference to the accompany-
ing drawings, wherein:

[0010] FIGS. 1A-1C are side view 1llustrations of various
exemplary apparatuses having a light-emitting device.
[0011] FIG. 2A 1s a top view 1illustration of an exemplary
embodiment of a light-emitting device.

[0012] FIGS. 2B and 2C are top and side view 1llustrations
of an exemplary embodiment of a light-emitting diode.
[0013] FIG. 3A 1s a side view 1illustration of another
exemplary embodiment of a light-emitting device.

[0014] FIG. 3B 1s a cross-section 1llustration of the exem-
plary light-emitting device shown 1 FIG. 3A.

[0015] FIG. 4A 1s a side view 1illustration of an exemplary
embodiment of a light-emitting device with electrodes using
an encapsulant.

[0016] FIG. 4B 1s a side view illustration of another
exemplary embodiment of a light-emitting device with elec-
trodes using a transparent encapsulant and a reflective layer
on the electrodes.

DETAILED DESCRIPTION

[0017] The detailed description set forth below 1n connec-
tion with the appended drawings 1s intended as a description
of various exemplary embodiments of the present invention
and 1s not intended to represent the only embodiments 1n
which the present invention may be practiced. The detailed
description includes specific details for the purpose of
providing a thorough understanding of the present invention.
However, 1t will be apparent to those skilled 1n the art that
the present invention may be practiced without these specific
details. In some 1nstances, well-known structures and com-
ponents are shown in block diagram form 1n order to avoid
obscuring the concepts of the present invention. Acronyms
and other descriptive terminology may be used merely for
convenience and clarity and are not intended to limit the
scope of the invention.

[0018] The word “exemplary” 1s used herein to mean
serving as an example, instance, or illustration. Any embodi-
ment described herein as “exemplary” 1s not necessarily to
be construed as preferred or advantageous over other
embodiments. Likewise, the term “embodiment™ of an appa-
ratus, method or article of manufacture does not require that
all embodiments of the mvention include the described
components, structure, features, functionality, processes,
advantages, benefits, or modes of operation.

[0019] The various aspects of the present invention 1llus-
trated 1n the drawings may not be drawn to scale. Rather, the
dimensions of the various features may be expanded or
reduced for clarity. In addition, some of the drawings may be
simplified for clanty. Thus, the drawings may not depict all
of the components of a given apparatus or method. Various
aspects of the present invention will be described herein
with reference to drawings that are schematic 1llustrations of
idealized configurations of the present invention. As such,
variations irom the shapes of the illustrations as a result, for
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example, manufacturing techniques and/or tolerances, are to
be expected. Thus, the various aspects of the present inven-
tion presented throughout this disclosure should not be
construed as limited to the particular shapes of elements
(e.g., regions, layers, sections, substrates, bulb shapes, etc.)
illustrated and described herein but are to include deviations
in shapes that result, for example, from manufacturing. By
way ol example, an element 1illustrated or described as a
rectangle may have rounded or curved features and/or a
gradient concentration at its edges rather than a discrete
change from one element to another. Thus, the elements
illustrated 1n the drawings are schematic 1n nature and their
shapes are not intended to 1llustrate the precise shape of an
clement and are not intended to limit the scope of the present
invention.

[0020] It will be understood that when an element such as
a region, layer, section, substrate, or the like, 1s referred to
as being “on’” another element, 1t can be directly on the other
clement or interveming elements may also be present. In
contrast, when an element 1s referred to as being “directly
on” another element, there are no intervening clements
present. It will be further understood that when an element
1s referred to as being “formed” on another element, 1t can
be grown, deposited, etched, attached, connected, coupled,
or otherwise prepared or fabricated on the other element or
an intervening element.

[0021] It will be further understood that the terms “com-
prises’ and/or “comprising,” when used in this specification,
specily the presence of stated features, steps, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereol. The term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

[0022] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by a person having ordinary
skill 1n the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that 1s consistent with their meaning in the
context of the relevant art and the present disclosure and will
not be interpreted i an 1dealized or overly formal sense
unless expressly so defined herein.

[0023] In the following detailed description, various
aspects of the present mvention will be presented in the
context of a light-emitting device. However, those skilled 1in
the art will realize that these aspects may be extended to
other apparatus and/or their features, operations, elements,
and/or components. Accordingly, any reference to a light-
emitting device 1s mntended only to illustrate the various
aspects of the present invention, with the understanding that
such aspects may have a wide range of applications.

[0024] Applicant hereby incorporates by reference the

disclosure previously provided in U.S. patent application
Ser. No. 12/705,240, filed on Feb. 12, 2010, which 1s now

U.S. Pat. No. 8,371,718.

[0025] FIG. 1A 1s a side view illustration of an exemplary
apparatus 100 having a light-emitting device 102. The
light-emitting device 102 may be located 1n a housing 106.
The light-emitting device 102 may receive power via a
power connection 104. The light-emitting device 102 may
be configured to emit light. Description pertaining to the
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process by which light 1s emitted by the light-emitting
device 102 1s provided infra with reference to FIGS. 2A-2C.

[0026] FIG. 1B 1s a side view 1illustration of a flashlight
110, which 1s an exemplary embodiment of an apparatus
having the light-emitting device 102. The light-emitting
device 102 may be located inside of the housing 106. The
flashlight 110 may i1nclude a power source. In some exem-
plary embodiments, the power source may include batteries
114 located inside of a battery enclosure 112. The power
connection 104 may transier power from the power source
(e.g., the batteries 114) to the light-emitting device 102.

[0027] FIG. 1C 1s a side view 1llustration of a street light
120, which 1s another exemplary embodiment of an appa-
ratus having the light-emitting device 102. The light-emait-
ting device 102 may be located inside of the housing 106.
The street light 120 may include a power source. In some
exemplary embodiments, the power source may include a
power generator 122. The power connection 104 may trans-
ter power from the power source (e.g., the power generator

122) to the light-emitting device 102.

[0028] FIG. 2A 1s a top view 1illustration of an exemplary
embodiment of the light-emitting device 102. The light-
emitting device 102 may have one or more light-emitting
diodes 202. In some exemplary embodiments, the light-
emitting diodes 202 may have an epitaxial diode structure.
The light-emitting diodes 202 may be configured 1n various
arrays. Although FIG. 2A 1llustrates an example array with
three rows and three columns, one of ordinary skill in the art
will appreciate that alternative arrays may have fewer or
greater numbers of rows and/or columns without deviating
from the scope of the present disclosure. One of ordinary
skill 1n the art will also appreciate that the distance sepa-
rating the light-emitting diodes 202 may be uniform or
non-uniform without deviating from the scope of the present
disclosure.

[0029] FIG. 2B 1s a top view 1illustration of the exemplary
embodiment of the light-emitting diode 202 shown 1n FIG.
2A. FIG. 2C 1s a side view 1illustration of the exemplary
embodiment of the light-emitting diode 202 shown 1n FIG.
2A. The hight-emitting diode 202 may include contacts 204.
The contacts 204 may be configured to receive power from
a driver that 1s electrically connected to a power source (e.g.,
batteries 114 1n FIG. 1B and/or power generator 122 1n FIG.
1C). The driver can include circuitry that converts AC-to-
DC power, converts DC-to-DC power, regulates current,
provides power to other electronic components, provides
power to generate light in the LED, etc. The contacts 204
may provide power to the area 206.

[0030] The area 206 includes an n-type semiconductor
region and a p-type semiconductor region. The n-type semi-
conductor region 1s predominated by electrons. The p-type
semiconductor region 1s predominated by holes. During
operation of the light-emitting diode 202, a reverse electric
field 1s created at the junction between the n-type semicon-
ductor region and the p-type semiconductor region (some-
times referred to herein as the “p-n junction™). The reverse
clectric field causes the electrons and holes to move away
from the p-n junction, thereby forming an active region.
When forward voltage suflicient to overcome the reverse
clectric field 1s applied across the p-n junction, electrons and
holes are forced into the active region and are combined
together. When electrons combine with holes, the particles
fall to lower energy levels. Falling to lower energy levels
causes energy to be released, and the energy released may be
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in the form of emitted light. Accordingly, power applied to
the contacts 204 can cause light to be emitted by the
light-emitting diode 202.

[0031] FIG. 3A 1s a side view 1illustration of an exemplary
embodiment of the light-emitting device 102, which may
include one or more light-emitting diodes 202. The light-
emitting device 102 may have contacts 204 that receive
power. In some configurations, power may be transierred to
the light-emitting diodes 202 via electrical traces 306. The
clectrical traces 306 may connect a light-emitting diode 202
to a power source 304. The electrical traces 306 may also
connect a light-emitting diode 202 to another light-emitting
diode 202. In some configurations, an electrical 1nsulator
302 may separate the power source 304 from other portions
of the light-emitting device 102. In some configurations, a
bonded pad 308 may separate the electrical insulator 302
from the ceramic substrate 310. A die attach material 312
may secure the ceramic substrate 310 to an aluminum carrier
314. The aluminum carrier 314 may be a heat sink (e.g., an
clement that absorbs heat).

[0032] The light-emitting diodes 202 may be positioned
on top of the ceramic substrate 310. The ceramic substrate
310 may 1include various materials. In some exemplary
embodiments, the ceramic substrate 310 may include silicon
(S1). Silicon provides thermal conductivity of approximately
150 W/mK. Accordingly, silicon provides good thermal
conductivity. In some exemplary embodiments, the ceramic
substrate 310 may include aluminum nitride (AIN). Alumi-
num nitride provides thermal conductivity of approximately
285 W/mK. Accordingly, aluminum nitride also provides
good thermal conductivity. Also, aluminum mtride may
provide a band gap (also known as an ‘energy gap’) of
approximately 6.2 eV. Accordingly, aluminum nitride has
low conductivity etliciency and therefore low electrical
conductivity. In some exemplary embodiments, the ceramic
substrate 310 may include aluminum oxide (Al,O,).

[0033] The foregoing embodiments provide non-limiting
examples ol materials that may be provided in the ceramic
substrate 310 to provide (1) high thermal conductivity
and/or (2) low electrical conductivity. High thermal conduc-
tivity provides for high rates of heat transfer through the
ceramic substrate 310 and, therefore, away from the light-
emitting diodes 202. Transfer of heat away from the light-
emitting diodes 202 prevents over-heating of the light-
emitting diodes 202. Over-heating of the light-emitting
diodes 202 may increase the temperature at the p-n junction
and thereby decrease the overall performance of the light-
emitting diodes 202. Accordingly, the ceramic substrate 310
may provide at least some thermal conductivity between at
least one light-emitting diode 202 and the aluminum carrier

314.

[0034] Low electrical conductivity prevents power from
escaping through the ceramic substrate 310. Power escaping
through the ceramic substrate 310 may require additional
power to be provided to other light-emitting diodes 202
connected 1n series, thereby reducing power efliciency of the
overall light-emitting device 102. Accordingly, the ceramic
substrate 310 may provide at least some electrical insulation
between at least one light-emitting diode 202 and the

aluminum carrier 314.

[0035] The ceramic substrate 310 may also include a
reflective component. In some exemplary embodiments, the
reflective component includes zirconium oxide (ZrQO,). The

reflective component (e.g., zircontum oxide) may be infused
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throughout the ceramic substrate 310. The reflective com-
ponent may increase the reflective properties of the ceramic
substrate 310. Generally, reflectivity refers to the degree to
which a material retlects light emitted onto it. The reflec-
tivity of a material may be measured according to a reflec-
tivity index or a percentage of light that reflects when light
1s emitted onto it. For example, a percent reflectivity of the

ceramic substrate 310 having the reflective component may
be at least 70%.

[0036] The foregoing embodiments provide non-limiting
examples of materials that may be provided in the ceramic
substrate 310 to provide high reflectivity of light. In FIG.
3A, a beam of light 1s 1llustrated with arrow 318. The beam
of light (e.g., arrow 318) 1s emitted by a light-emitting diode
202. Some of the emitted light travels 1n the direction of the
ceramic substrate 310. Based on the reflectivity of the
ceramic substrate 310, a percentage of the light emitted onto
the ceramic substrate 310 will be reflected away from the
ceramic substrate 310 and a percentage of the light emitted
onto the ceramic substrate 310 will be absorbed by the
ceramic substrate 310. High retlectivity of light corresponds
to low absorption of light (also known as “self-absorption™)
by the ceramic substrate 310. High reflectivity of light also
corresponds to high conversion efliciency (e.g., a high ratio
of the light output by the light-emitting device 102 relative
to the power consumed by the light-emitting device 102).
Overall, high reflectivity of light contributes to improved
light output by the light-emitting device 102.

[0037] A light-converting material 316 may be provided
on the ceramic substrate 310 and/or the light-emitting diodes
202. When light emitted by the light-emitting diodes 202
passes through the light-converting material 316, the color
of the light may change. In some embodiments, the light-
converting material 316 1s phosphor. For example, a layer of

phosphor may be provided over the light-emitting diodes
202.

[0038] FIG. 3B 1s a cross-section illustration of the light-
emitting device 102. More specifically, FIG. 3B illustrates
the cross-section taken at location 320 i FIG. 3A. At
location 320, the light-converting material 316 forms a top
layer, which may be a layer of phosphor that converts the
color of the light emitted by the light-emitting diode 202.
The light-emitting diode 202 1s provided on top of the
ceramic substrate 310.

[0039] The ceramic substrate may include various mate-
rials (e.g., silicon, aluminum nitride, and/or aluminum
oxide) that may increase thermal conductivity and/or
decrease electrical conductivity of the ceramic substrate
310. Increasing thermal conductivity of the ceramic sub-
strate 310 may increase heat transfer away from the light-
emitting diode 202, thereby improving the performance of
the light-emitting diode 202. Decreasing electrical conduc-
tivity of the ceramic substrate 310 may decrease power loss,

thereby 1mproving power eiliciency of the light-emitting
device 102.

[0040] The ceramic substrate 310 may also include a
reflective component (e.g., zirconium oxide), which may be
infused throughout the ceramic substrate 310. The reflective
component may increase the reflectivity of the ceramic
substrate 310, which consequently decreases self-absorp-
tion, 1ncreases conversion elliciency, and increases overall
light output. The die attach material 312 may secure the
ceramic substrate 310 to the aluminum carrier 314.
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[0041] One of ordinary skill 1n the art will appreciate that
any description provided with respect to the light-emitting
device 102 may also apply to any lighting system, any
light-emitting apparatus, and/or any other apparatus that
emits light.

[0042] FIG. 4A 1s a side view 1illustration of an exemplary
embodiment of the light-emitting device 402. Light emitting
device 402 includes light emitting layers 410, contact layers
412, electrodes 414 (two shown), and encapsulant 416.
Light emitting layers 410 can include gallium nitride (GalN)
containing layers and/or aluminum indium gallium phos-
phide (AllnGaP) containing layers, that are fabricated on
sapphire, silicon (S1), silicon carbide (S1C), gallium arsenide
(GaAs), indium phosphide (InP), galllum phosphide (GaP),
gallium nitride (GaN), ceramic, or other suitable substrate.
Light emitting layers 410 can be fabricated by epitaxially
growing the layers on the substrate using Metal-Organic
Chemical Vapor Deposition ((MOCVD). Contact layers 412
can include p and n contact layers. The p contact layer can
include materials such aluminum based or silver based
materials having high reflectivity. The n contact layer can
include materials such as titantum or aluminum containing
alloys. The p and n contact layers are electrically 1solated
from each other and electrically coupled to the electrodes
414. The p and n contact layers, which are disposed within
contact layer 412, can be electrically isolated from each
other via a dielectric maternial disposed between them. P and
n contact layers can be formed using a buried contact
architecture as 1s understood by those skilled in the art.
Electrodes 414 are used to make electrical contacts from
external leads or conductors (not shown) to the contact
layers 412 which are electrically coupled to the light emut-
ting layers 410. Electrodes 414 can be formed from copper,
nickel, chrome, chromium or combinations thereof.

[0043] Encapsulant 416 can be used to encapsulate and
surround electrodes 414 on at least one side. Encapsulant
416 can also provide support to the entire LED device 402
so that LED device 402 1s more stable, rigid and does not
deform during processing or handling. Encapsulant 416 1s a
transparent encapsulant that can be formed from a silicone
based material. Transparent encapsulant 416 can be cured to
become solid. Alternatively, transparent encapsulant 416 can
be fabricated using spin-on dielectric materials or spin-on
glass materials, which can also be subsequently cured to
make solid. In another alternate embodiment, transparent
encapsulant 416 1s formed using compression molding,
transier molding or injection molding techniques.

[0044] During operation, a portion of the light emitted by
light emitting layers 410 1s scattered by surrounding pack-
aging components used to package the LED device 402. The
transparent encapsulant permits the scattered light to pass
through with minimal absorption. By using transparent
encapsulant 416, the efliciency of a packaged LED device 1s
significantly improved because light 1s not absorbed by the
transparent encapsulant material. For example, 1n a multi-
chip package using transparent encapsulant 416 the ethi-
ciency can be between 5% and 10% greater than 1n a
multi-chip package using non-transparent encapsulant.

[0045] FIG. 4B 1s a side view illustration of an exemplary
embodiment of the light-emitting device 404. Light emitting
device 404 includes light emitting layers 410, contact layers
412, clectrodes 414 (two shown), encapsulant 416 and
reflective layers 418. Light emitting layers 410 can include
gallium nitride (GaN) containing layers and/or aluminum
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indium gallium phosphide (AllnGaP) containing layers, that
are fabricated on sapphire, silicon (S1), silicon carbide (510),
gallium arsenide (GaAs), indium phosphide (InP), gallium
phosphide (GaP), gallium nitride (GaN), ceramic, or other
suitable substrate. Light emitting layers 410 can be fabri-
cated by epitaxially growing the layers on the substrate
using MOCVD. Contact layers 412 can include p and n
contact layers. The p contact layer can include materials
such aluminum based or silver based materials having high
reflectivity. The n contact layer can include materials such as
titanium or aluminum containing alloys. The p and n contact
layers are electrically 1solated from each other and electri-
cally coupled to the electrodes 414. The p and n contact
layers, which are disposed within contact layer 412, can be
clectrically 1solated from each other via a dielectric material
disposed between them. P and n contact layers can be
formed using a buried contact architecture as 1s understood
by those skilled 1n the art. Electrodes 414 are used to make
clectrical contacts from external leads or conductors (not
shown) to the contact layers 412 which are electrically
coupled to the light emitting layers 410. Electrodes 414 can
be formed from copper, nickel, chrome, chromium or com-
binations thereof. Reflective layers 418 surround the elec-

trodes 414 and are used to reflect light from the electrode
414.

[0046] Encapsulant 416 can be used to encapsulate and
surround electrodes 414 and reflective layers 418 on at least
one side. Encapsulant 416 can also provide support to the
entire LED device 404 so that LED device 404 1s more
stable, rigid and does not deform during processing or
handling. Encapsulant 416 1s a transparent encapsulant that
can be formed from a silicone based material. Transparent
encapsulant 416 can be cured to become solid. Alternatively,
transparent encapsulant 416 can be fabricated using spin-on
dielectric materials or spin-on glass materials, which can
also be subsequently cured to make solid. In another alter-
nate embodiment, transparent encapsulant 416 1s formed
using compression molding, transier molding or injection
molding techniques.

[0047] Reflective layers 418 are used to enhance the
clliciency of the packaged LED by reflecting scattered light
from the electrodes 414, which would otherwise be partially
absorbed by the electrodes 414. Reflective layer 1s fabricated
from aluminum based, titanium oxide or other white or
reflective materials. The reflective layer 1s fabricated on the
walls of the electrodes by plating, sputtering, spraying etc.
During operation, a portion of the light emitted by light
emitting layers 410 1s scattered by surrounding packaging
components used to package the LED device 404. The
transparent encapsulant 416 permits the scattered light to
pass through with minimal absorption. The reflective layer
418, which 1s formed on the electrodes 414, reflects light
from electrodes 414 so that electrodes 414 do not absorb the
light passing through the encapsulant. Reflective layers 418
enhance the efliciency of the packaged LED device 404. In
some embodiments, the efliciency of a packaged LED
device 404, which includes both transparent encapsulant 416
and a reflective layer 418 on the electrodes 414, 1s signifi-
cantly improved. For example, 1n a multi-chip package using
transparent encapsulant 416 and a retlective layer 418 on the
clectrodes 414, the efliciency can be greater than 5% to 10%
than 1 a multi-chip package using non-transparent encap-
sulant.
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[0048] The various aspects of this disclosure are provided
to enable one of ordinary skill in the art to practice the
present 1nvention. Various modifications to exemplary
embodiments presented throughout this disclosure will be
readily apparent to those skilled in the art, and the concepts
disclosed herein may be extended to other devices. Thus, the
claims are not mtended to be limited to the various aspects
of this disclosure, but are to be accorded the full scope
consistent with the language of the claims. All structural and
functional equivalents to the various components of the
exemplary embodiments described throughout this disclo-
sure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein 1s mtended to be dedi-
cated to the public regardless of whether such disclosure 1s
explicitly recited in the claims. No claim element 1s to be
construed under the provisions of 35 U.S.C. § 112(1) unless
the element 1s expressly recited using the phrase “means for”
or, 1n the case of a method claim, the element 1s recited using
the phrase “step for.”

1. (canceled)

2. A light-emitting device comprising:

a substrate comprising a first material and a retlective
material infused throughout the substrate in the first
material;

a carrier having a reflective surface and a die attach
material that secures the substrate directly to the car-
rier;

a light-emitting diode disposed on the substrate and
configured to receive power from a power source;

a plurality of parallel light-converting maternial layers
configured to surround sides of the light-emitting
diode; and

an electrical insulator disposed above the substrate sepa-
rate from the plurality of parallel light-converting mate-
rial layers, the electrical msulator configured to elec-
trically insulate the power source from the substrate
and the carrier;

wherein the substrate 1s secured directly to the carrier via
the die attach material and without an additional sepa-
rate intervening electrical insulator.

3. The light-emitting device according to claim 2, wherein
the substrate 1s a ceramic substrate and the first matenal
comprises at least one of aluminum oxide (Al203), alumi-
num nitride (AIN), and silicon (S1).

4. The light-emitting device according to claim 2, wherein
the power source 1s disposed directly on and above the
clectrical 1nsulator, and the substrate 1s disposed below and
on an opposite side of the electrical insulator with an
intervening bonding pad therebetween.

5. The light-emitting device according to claim 2, wherein
the reflective surface comprises zirconium oxide (ZrO2).

6. The light-emitting device according to claim 2, wherein
the substrate 1s a ceramic substrate configured to provide at
least some electrical mnsulation between the light-emitting
diode and the carrer.

7. The light-emitting device according to claim 2, wherein
the substrate 1s a ceramic substrate configured to provide at
least some thermal conductivity between the light-emitting
diode and the carrer.

8. The light-emitting device of claim 2, wherein the
plurality of parallel light-converting material layers com-
prises phosphor.
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9. A light-emitting device comprising:

a substrate comprising a reflective material 1nfused
throughout the substrate;

a carrier having a reflective surface and being coupled
directly to the substrate;

a light-emitting diode disposed on the substrate and
configured to receive power from a power source;

at least one light-converting material layer configured to
surround sides of the light-emitting diode; and

an electrical insulator disposed above the substrate sepa-
rate from the at least one light-converting material
layer, the electrical msulator configured to electrically
insulate the power source from the substrate and the
carrier:;

wherein the substrate 1s secured directly to the carrier via

a die attach material and without an additional separate
interveming electrical 1nsulator.

10. The light-emitting device according to claim 9,
wherein the substrate comprises a first material and the
reflective material 1s infused throughout the first maternal.

11. The light-emitting device according to claim 10,
wherein the first material comprises at least one of alumi-

num oxide (Al203), aluminum nitride (AIN), and silicon
(S1).

12. The light-emitting device according to claim 9,
wherein the power source 1s disposed directly on and above
the electrical insulator, and the substrate 1s disposed below
and on an opposite side of the electrical mnsulator with an
intervening bonding pad therebetween.

13. The light-emitting device according to claim 9,
wherein the reflective surface comprises zirconium oxide
(ZrO2).

14. The hight-emitting device according to claim 9,
wherein the substrate 1s a ceramic substrate configured to
provide at least some electrical insulation between the
light-emitting diode and the carrier.

15. The light-emitting device according to claim 9,
wherein the substrate 1s a ceramic substrate configured to
provide at least some thermal conductivity between the
light-emitting diode and the carrier.

16. The light-emitting device of claim 9, wherein the at
least one light-converting material layer comprises a plural-
ity of parallel light-converting material layers formed of
phosphor.

17. A lighting system comprising;:

a substrate comprising a first material and a reflective

material infused throughout the substrate 1n the first
material;

a carrier having a reflective surface and a die attach
material that secures the substrate directly to the car-
rier;

a plurality of light-emitting diodes connected 1n series and
disposed on the substrate, with the plurality of light-
emitting diodes being configured to receive power from
a pOwWer Source;

a plurality of parallel light-converting material layers
configured to surround three sides of the light-emitting,
diode, respectively; and

an electrical insulator disposed above the substrate sepa-
rate from the plurality of parallel light-converting mate-
rial layers, the electrical nsulator configured to elec-
trically insulate the power source from the substrate
and the carrier;
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wherein the substrate 1s secured directly to the carrier via
the die attach material and without an additional sepa-
rate intervening electrical insulator.

18. The lighting system according to claim 17, wherein
the substrate 1s a ceramic substrate and the first material
comprises at least one of aluminum oxide (Al20O3), alumi-
num nitride (AIN), and silicon (51).

19. The highting system according to claim 17, wherein
the power source 1s disposed directly on and above the
clectrical 1nsulator, and the substrate 1s disposed below and
on an opposite side of the electrical insulator with an
intervening bonding pad therebetween.

20. The lighting system according to claim 17, wherein
the substrate 1s a ceramic substrate configured to provide at
least some electrical isulation between the light-emitting
diode and the carrier.

21. The lighting system according to claim 17, wherein
the substrate 1s a ceramic substrate configured to provide at
least some thermal conductivity between the light-emitting
diode and the carrer.
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