wo 2012/145237 A1 [N 000 0 O RO

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2012/145237 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

26 October 2012 (26.10.2012) WIPOIPCT
International Patent Classification: (81)
HO1L 25/075 (2006.01) HO11L 33/50 (2010.01)

HOS5K 1/18 (2006.01) HO11L 33/22 (2010.01)

HOS5K 3/28 (2006.01) HO1L 33/56 (2010.01)

HOIL 25/16 (2006.01) HOIL 33/64 (2010.01)
International Application Number:

PCT/US2012/033475

International Filing Date:
13 April 2012 (13.04.2012)

Filing Language: English
Publication Language: English
Priority Data:

13/088,693 18 April 2011 (18.04.2011) US
13/417,972 12 March 2012 (12.03.2012) US

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

Inventor; and

Inventor/Applicant (for US only): DEMUYNCK, Ran-
dolph, Cary [US/US]; 5636 Chimney Swift Drive, Wake
Forest, NC 27587 (US).

Agents: MORGAN, Rashad, L. et al.; Brinks Hofer
Gilson & Lione, P.O. Box 110285, Research Triangle
Park, NC 27709 (US).

(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, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, 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, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: LED ARRAY HAVING EMBEDDED LED AND METHOD THEREFOR

FIG. 6

(57) Abstract: A light emitting array comprises a submount having a top surface and a bottom surface, and at least one LED at least
partially embedded within the submount. The top surtace of the submount is in contact with at least a side surface of the at least one
LED. The submount may include one or more parallel layers. An optical layer may be covering the at least one LED in such a way
that light emitted from the at least one LED passes through the optical layer.



WO 2012/145237 PCT/US2012/033475

10

15

20

25

30

LED Array Having Embedded LED and Method Therefor

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Utility Patent Application
Serial No. 13/417,972, filed March 12, 2012, which is a continuation-in-part of
U.S. Utility Patent Application Serial Number 13/088,693, filed April 18, 2011
and entitled “LED Array Having Embedded LED and Method Therefor”. The

entire contents of these applications are incorporated herein by reference.

FIELD OF INVENTION
[0002] This invention relates to light emitting diodes (LED or LEDs) and in
particular to LED packages having an LED embedded within the package.

BACKGROUND
[0003] Light emitting diodes (LED or LEDs) are solid state devices that

convert electric energy to light and generally comprise one or more active layers
of semiconductor material sandwiched between oppositely doped layers. When a
bias is applied across the doped layers, holes and electrons are injected into the
active layer where they recombine to generate light. Light is emitted from the
active layer and from all surfaces of the LED.

[0004] In order to use an LED in a circuit or other arrangement, it is known to
enclose an LED in a light emitting array to provide environmental and/or
mechanical protection, color selection, focusing and the like. A light emitting
array also includes electrical leads, contacts or traces, for electrically connecting
the LEDs. The LED is traditionally mounted upon the carrier, submount, or
substrate of the light emitting array. As illustrated in FIG. la, a conventional LED
package 110 includes an LED chip 112 mounted on a reflective cup 113 by means
of a solder bond or conductive epoxy. One or more wire bonds 111 connect the
ohmic contacts of the LED chip 112 to leads 115A and/or 115B, which may be
attached to or integral with the reflective cup 113. The reflective cup 113 may be
filled with an encapsulant material 116 containing a wavelength conversion

material such as phosphor. Light emitted by the LED at a first wavelength may be
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absorbed by the phosphor, which may responsively emit light at a second
wavelength. The entire assembly is then encapsulated in a clear protective resin
114, which may be molded in the shape of a lens to collimate the light emitted
from the LED chip 112. While the reflective cup 113 may direct light in an
upWard direction, optical losses may occur when the light is reflected (i.e. some
light may be absorbed by the reflector cup instead of being reflected). In addition,
heat retention may be an issue for a package such as the package 110 shown in
FIG. 1A, since it may be difficult to extraét heat through the leads 115A, 115B.
[0005] A second conventional LED package 120 is shown in FIG. 1b. One or
more LEDs 122 are mounted onto a carrier such as a printed circuit board (PCB)
carrier, substrate or submount 123. A metal reflector 124 mounted on the
submount 123 surrounds the LED 122 and reflects light emitted by the LED 122
away from the package 120. The reflector 124 also provides mechanical
protection to the LED 122. One or more wire bond connections 111 are made
between ohmic contacts on the LED 122 and electrical traces 125A, 125B on the
carrier 123. The mounted LED is then covered with an encapsulant 126, which
may provide environmental and mechanical protection to the LED while also
acting as a lens. The metal reflector 124 is typically attached to the carrier 123 by
means of a solder or epoxy bond.

[0006] FIG. 2 provides another example of a conventional LED package 130.
As shown, a single LED 134 is mounted on a submount 132. The submount 132
has a top surface 136 comprising patterned conductive traces that may include a
die attach pad 138 with an integral first contact pad 140. A second contact pad
142 1s also included on the top surface 136 of the submount 132, with the LED
134 mounted approximately at the center of the attach pad 138. The LED 134
includes a conductive structure 144 and wire bond pads 146 on its top surface 136.
An optical element or lens 148 is formed on the top surface 136 of the submount
132 over the LED 134, to provide both environmental and/or mechanical
protection. An electrical signal is applied to the LED 134 through the second pad
142 and the first pad 140, with the electrical signal on the first pad 140 passing
directly to the LED 134 through the attach pad 138 and the signal from the second
pad 142 passing into the LED 134 through wire bonds. A solder mask 150 is
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included on the top surface 136 of the submount 132, at least partially covering the
attach pad 138 and the first and second contact pads 140, 142. The LED package
130 includes two LED wire bonds 152 between a solder mask opening in the
second connect pad 142 and wire bond pads 146 on the LED 134.

[0007] FIG. 3 shows another example of a conventional LED package 160.
The LED package comprises a submount 162 for holding an array of LEDs 168.
The submount 162 includes die pads 164 and conductive traces 166 arc disposed
on the top surface of the submount 162. LEDs 168 are included that comprise the
LED array, with each of the LEDs 168 mounted to one of the respective die pads
164. Wire bonds 170 pass between the conductive traces 166 to each of the LEDs
168 with an electrical signal applied to each of the LEDs 168 through its
respective one of the die pad 164 and the wire bond 170. A reflector 172 is
mounted to the submount 162 around the LEDs 168. An optical element or lens
174 is included over the LEDs 168.

[0008] FIG. 4 shows another example of a conventional LED package 180.
The LED package 180 cofnprises an array of LEDs 182 mounted on the surface of
a submount 184. As shown, at least some of the LEDs 182 are interconnected in a
series circuit. The LEDs 182 may be coated with a phosphor converter
interconnected in a series circuit. The LEDs 182 are mounted on a substantially
planar surface of the submount 184 and are arranged under a single optical lens
clement 186. The submount 184 may be formed of many different materials,
including electrically insulating materials, such as a dielectric element.

[0009] In LED package design, two challenges are thermal management and
size. It is known that thermal management is a concern with electronic packages,
whether containing integrated circuits or discrete components such as diodes or
power transistors. It is also known that excessive heat may cause LED failures.
Thus, one of the considerations for designing LED packages is effective thermal
management. One of the objectives of effective thermal management in the
design of eclectronic packaging is to maintain the operating temperature of the
LEDs and other active circuit components at an appropriately low enough
temperature to prevent premature component failure. Various cooling strategies

including conduction heat transfer are in common use. However, high intensity
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LEDs that emit light principally in the visible part of the electromagnetic spectrum
can generate significant amounts of heat that is difficult to dissipate using
conventional techniques. In conventional LED packages, heat from the LEDs
mounted to a submount may pass into the submount below the LED, but may not
cfficiently spread laterally from below the LED. This increased heat can result in
reduced lifetime or failure of the package.

[0010] There is also a continuous drive to reduce the size of LED packages to
facilitate more widespread use of LEDs. With conventional LED packages, where
LED arrays are formed from LEDs mounted to the surface of a submount, spacing
between each individual LED in an array is dictated by the presence of the wire
bond, which limits how close together the LEDs may be. In addition, these
conventional LED packages provide for extended non-light emitting “dead space”
between adjacent LEDs in an array. The LED package may also require additional
optics or components, which may also increase the size of a LED array. The
design considerations of reducing the size of an LED package and maintaining a
relatively low operating temperature are to some extent competitive with each
other. It is desirable to develop an LED package that addresses these design

considerations.

BRIEF SUMMARY

[0011]  In an aspect of the present invention, a light emitting array comprises a
submount having a top surface and a bottom surface and at least one LED at least
partially embedded within the submount. The at least one LED may be embedded
in the submount such that the top surface of the submount is in contact with a side
surface of the at least one LED. In a further feature of the aspect, the at least one
LED is completely embedded within the submount. The submount may comprise
many different materials, with a preferred material being electrically insulating.
The submount may comprise ceramic materials, organic insulators, epoxy resin, or
pre-preg. In a feature of the aspect, the submount comprises transparent optic pre-
preg. Examples of suitable pre-preg materials include FR-4 (Woven glass and
cpoxy), FR-5 (Woven glass and epoxy), FR-6 (Matte glass and polyester), G-10
(Woven glass and epoxy), CEM-3 (Woven glass and epoxy), CEM-4 (Woven
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glass and epoxy), and CEM-5 (Woven glass and polyester). The submount may
include additional components embedded therein. The component may comprise
drive circuitry.

[0012] In a further aspect, the submount of the light emitting array comprises
one or more parallel layers. In a feature of the aspect, the one or more parallel
layers may be disposed above and below the at least one LED. In a further feature
of the aspect, electrically conductive planes are disposed between the one or more
parallel layers of the light emitting array. The electrically conductive planes may
be separated by layers of diclectric material, which may provide a plurality of
electrical contacts for the light emitting array. In some aspects, the electrically
conductive planes may also be embedded within the submount of the light
emitting array. In a further feature of the aspect, the electrically conductive planes
may comprise electrically conductive traces.

[0013] In another aspect, micro vias are disposed between the one or more
parallel layers of the light emitting array. The micro vias may be used to facilitate
electrical connection with the at least one LED. The micro vias may also be used
to help with heat dissipation within the light emitting array. The micro vias may
be disposed in a linear configuration or a non-linear configuration.

[0014] In a further aspect, one or more optical layers may cover the at least one
LED in such a way that light emitted from the at least one LED passes through the
one or more optical layers. The one or more optical layers may be disposed above
or below the at least one LED. The one or more optical layers may comprise a
transparent material, such as plastic, silicon, glass, epoxy-resin, and pre-preg
materials. In some embodiments, the one or more optical layers may comprise
transparent epoxy-resin. In other embodiments, the one or more optical layers
may comprise transparent pre-preg.

[0015] In a feature of the aspect, the one or more optical layers may comprise
one or more phosphor layers. The one or more phosphor layers may comprise
particles embedded in the light emitting array or in a separate medium forming a
layer in the light emitting array. Suitable phosphor materials include, but are not
limited to, YAG, TAG, BOSE, and CaSrAlSiN;. In another feature of the aspect,

the one or more optical layers may comprise one or more luminescent layers
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comprising a transparent material having luminescent material dispersed therein.
Suitable luminescent material may include phosphors, scintillators, day glow tapes
and inks that glow in the visible spectrum upon illumination with ultraviolet light.
In a further feature of the aspect, the one or more optical layers may comprise a
luminescent layer comprising transparent pre-preg having phosphor dispersed
therein. In another feature of the aspect, the one or more optical layers may
include additional layers, including a filter layer, a spacer layer, a diffusion layer,
and/or reflecting layers.

[0016] In another aspect, the light emitting array further comprises a
conductive structure, such as a ground plane. The ground plane may provide the
ground connections required by the light emitting array, and may also aid with
heat dissipation. The ground plane may comprise suitable materials such as
copper.

[0017] In a further aspect, a light emitting array comprises a base layer, at least
one LED disposed on the base layer, one or more optical layers, and a substrate
layer disposed below and in contact with the base layer in the array. The one or
more optical layers cover the at least one LED and the base layer in such a way
that light emitted from the at least one LED passes through the one or more optical
layers. In another feature of the aspect, the light emitting array comprises a glue
layer bonding the at least one LED to the base layer, wherein the glue layer
overlies the base layer. The glue layer may comprise a reflective material. The
base layer may comprise copper foil. A reflective layer may be disposed below
the glue layer and the base layer. The reflective layer may have many different
thicknesses and may comprise different reflective materials, with suitable
materials including silver, aluminum, and gold, or any other reflective material
such as barium sulfate and titanium dioxide. The at least one LED may be at least
partially embedded within the substrate layer of the light emitting array. In
another feature of the aspect, the at least one LED may comprisc an array of
LEDs. In some embodiments, the array of LEDs may be positioned in a planar
arrangement within a single layer of the light emitting array. In alternative
embodiments, the array of LEDs may be positioned within separate layers of the

light emitting array.
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[0018] In another aspect, spacing between the LEDs in the array is between
about 40 microns to about 100 microns. In a further aspect, a surface effect
resides on a surface of the one or more optical layers such that the array produces
a predetermined light output. The surface effect may comprise a roughened
surface region. The surface effect may comprise a surface pattern. In a feature of
the aspect, the surface of the one or more optical layers may be finished, patterned,
or processed. In another feature, the effect may be added to other layers within the
light emitting array under the surface of the one or more optical layers.

[0019] In a further aspect, the light emitting array comprises a printed circuit
board having at least one LED embedded therein. The printed circuit board may
comprise multiple layers including a base layer, one or more substrate layers, one
or more optical layers, and a ground plane. Additional components may be
embedded within the multiple layers of the printed circuit board and/or mounted
on outer surfaces of the printed circuit board. Electrical components may be
packaged singly, such as resistors, capacitors, and transistors, or in groups, such as
in amplifiers, oscillators, and integrated circuits. The electronic components may
be mounted on the printed circuit board using surface mounted technology. The
printed circuit board may include a positive voltage terminal and a negative
voltage terminal.

[0020] In another aspect of the invention, a process for manufacturing a light
emitting array comprises providing a submount having a top surface and a bottom
surface and at least partially embedding at least one LED within the submount.
The at least one LED may be embedded in the submount such that the top surface
of the submount touches at least a side surface of the LED. In a further feature of
the aspect, the at least one LED may be completely embedded within the
submount. The light emitting array may comprise one or more layers. One or
more components may be embedded within the light emitting array. The
component may comprise driver circuitry.

[0021] In a feature of this aspect, the process further comprises drilling at least
one conductive micro via in the submount. In another feature of this aspect, the

process further comprises surrounding the at least partially embedded LED chip
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with one or more optical layers. In yet another feature, the light emitting array

comprises a printed circuit board having at least one LED embedded therein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application. The drawings illustrate certain embodiment(s) of the invention. In
the drawings:

[0023] FIG. la is a sectional view of an embodiment of a prior art LED
package.

[0024] FIG. 1b is a sectional view of an alternative embodiment of a prior art
LED package.

[0025] FIG. 2 is an upper perspective view of an alternative embodiment of a
prior art LED package.

[0026] FIG. 3 is a sectional view of an alternative embodiment of a prior art
LED package.

[0027] FIG. 4 is a sectional view of an alternative embodiment of a prior art
LED package.

[0028] FIG. § 1s a side view schematic representation of an embodiment of a
light emitting array in accordance with the present invention.

[0029] FIG. 6 is a side view schematic representation of the light emitting
array of FIG. 5 with additional layers added to the array.

[0030] FIG. 7 is a schematic representation of a process for manufacturing a
light emitting array in accordance with the present invention.

[0031] FIG. 8 is a side view schematic representation of an alternative
embodiment of a light emitting array in accordance with the present invention.
[0032] FIG. 9 is a side view schematic representation of an alternative

embodiment of a light emitting array in accordance with the present invention.

DETAILED DESCRIPTION

[0033] Embodiments of the present invention now will be described more fully

hereinafter with reference to the accompanying drawings, in which embodiments
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of the invention are shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments 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. Like numbers refer to like elements throughout. Optional
elements are illustrated by dashed lines in the figures.

[0034] It will be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one element from another.
For example, a first element could be termed a second element, and, similarly, a
second element could be termed a first element, without departing from the scope
of the present invention. As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed items.

[0035] It will be understood that when an element such as a layer, region or
substrate 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 intervening 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 intervening elements present.

[0036] Relative terms such as "below" or "above" or "upper”" or "lower" or
"horizontal" or "vertical” may be used herein to describe a relationship of one
element, layer or region to another element, and/or layer or region as illustrated in
the figures. It will be understood that these terms are intended to encompass
different orientations of the device in addition to the orientation depicted in the
figures.

[0037] 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

"L

herein, the singular forms "a", "an" and "the" are intended to include the plural
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forms as well, unless the context clearly indicates otherwise. It will be further

n"nmn "on:

understood that the terms "comprises” "comprising," "includes" and/or "including"
when used herein, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0038] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by one of
skill in the art to which this invention belongs. It will be further understood that
terms used herein should be interpreted as having a meaning that is consistent with
their meaning in the context of this specification and the relevant art and will not
be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

[0039] Reference is now made to FIG. 5. FIG. 5 is a side view schematic
representation of an embodiment of a light emitting -array in accordance with the
present invention. In the embodiment of FIG. 5, the light emitting array 2
comprises a base layer 4, an array 8 of LEDs 6 disposed on the base layer 4, and
an optical layer 10 covering the LED array 8 and the base layer 4. As shown, the
optical layer 10 includes a luminescent material and covers the LED array 8 in
such a way that light emitted from the LED array 8 passes through the optical
layer 10.

[0040] The optical layer 10 may comprise one or more layers, such as a
luminescent layer, a filter layer, a spacer layer and/or reflecting layers. In some
embodiments, the optical layer 10 may comprise a luminescent layer having
particles of a phosphor or multiple phosphors. In alternative embodiments, the
optical layer 10 may comprise scattering particles, such as titanium dioxide. In
additional embodiments, the optical layer 10 may comprise both phosphor and
scattering particles. In other embodiments, the array 2 may comprise multiple
optical layers 10. Additional layers, such as spacing layers and thermal paths may
be added between, in, on, above or below the optical layers 10 in the array 2. One

of skill in the art will understand that additional planes of electrical traces may be
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added to the array 2 to provide electrical connections to additional electrical
circuitry on and/or embedded in the array 2.

[0041] As shown in FIG. 5, the LEDs 6 of the LED array 8 are embedded
within the light emitting array 2. Conventionally, LEDs are mounted to the
surface of a carrier, substrate or submount of the light emitting array. For
example, one or more LEDs may be mounted to the surface of printed circuit
boards. In contrast, in the light emitting array of the present invention, at least one
LED is at least partially embedded into the array itself rather than being mounted
to the surface of a submount. Embedding the at least one LED at least partially
into the array provides design and operational advantages. For example, LEDs
may be electrically connected using internal traces making up the LED array. As
such, the LEDs may be arranged more closely to one another because wire
bonding is not necessary for providing an electrical connection to the LED.
Additionally, thermal management is aided because heat can be dissipated evenly
throughout the optical layer and base layer. The optical layer may be constructed
from a thermally conductive material to further aid in heat dissipation. Further, a
ground plane may be added to the array to provide heat sinking. The size of the
ground plane may be adjusted as needed for heat dissipation. An exemplary
material of construction for the ground plane is copper penny. One of skill in the
art will understand that various materials are available for use as a ground plane.
[0042]  The base layer 4 of the array 2 may be constructed from a conductive
metallic material. For example, the base layer 4 may be constructed from
aluminum, iron, gold, or copper (e.g., copper foil). The conductivity of the base
layer 4 facilitates heat dissipation from the array 2. The base layer 4 may have a
thickness of about 0.0005 inches to about 0.0010 inches. For example, the base
layer 4 may be about 0.0007 inches in thickness. An exemplary base layer may be
half ounce copper foil.

[0043] A non-conductive layer of glue or paste 14 may be used to bond the
LED 6 to the base layer 4. The glue layer 14 overlies the base layer 4 and thus is
interposed between the base layer 4 and the LED 6. The glue layer 14 may
include a reflective material to aide in light emission. In alternative embodiments,

the light emitting array 2 may also include a reflective layer disposed below the
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base layer 4 and the glue layer 14. In such embodiments, the glue layer 14 may
comprise an optically clear adhesive, such as silicone, in order to allow for light
emitted by the LEDs 6 to be reflected by the reflective layer. The reflective layer
may have many different thicknesses and may comprise many different reflective
materials, with suitable materials including silver, gold, aluminum, microcellular
polyethylene terephthalate (“MCPET”), and diffused light reflector (“DLR”). One
of skill in the art will understand that various materials are available for use as an
adhesive glue or paste. In another exemplary embodiment, the LED 6 may have
bonding pads for adhering the LED 6 to the base layer 4.

[0044] In FIG. 5, an array 8 of LEDs is bonded to the base layer 4. However,
it will be understood by one of skill in the art that a single LED 6 bonded to the
base layer 4 is within the scope of the invention. It will also be understood by one
of skill in the art that while only one planar array of LEDs is shown, the LEDs
may be positioned on multiple planes and/or layers of the array 2 and in any
desired electrical configuration. Bumps or studs 16 may be present on the LEDs 6
for connection with the glue layer 14 and the base layer 4. As seen in FIG. 5, the
LEDs 6 are simply placed on the base layer 4 (e.g., no cavity, opening, or void is
formed in the base layer 4 for placement of the LED 6).

[0045] As will be explained in greater detail below, LEDs 6 in the LED array 8
may be arranged very close to one another on the base layer 4. The close
proximity of the LEDs 6 is possible because wire bonding (which is used in
surface mount LED applications) is not needed to provide electrical connection to
the LEDs 6. Rather, the LEDs 6 may be electrically connected using internal
traces making up the LED array 2. As such, the LEDs 6 may be arranged in a near
abutting relationship on the base layer 4. For example, the LEDs 6 may be
arranged such that about 40 micron (um) to about 100 micron spacing is present
between the LEDs 6. In another example, spacing between the LEDs 6 may be
between about 40 um to about 80 um, about 50 um to about 75 pwm, about 50 um
to about 70 um, or about 60 pm to about 70 um. Close spacing enables more light
to be emitted from a relatively smaller sized LED package. One of skill in the art
would understand that the internal traces may comprise any suitable material,

including copper.
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[0046] In FIG. 5, the optical layer 10 comprises a transparent material 18 and a
luminescent material 12 that is dispersed throughout the transparent material 18.
While an optical layer 10 comprising a transparent material 18 having luminescent
material 12 that i1s dispersed throughout the transparent material 18 is shown,
alternative embodiments of the light emitting array 2 may include an optical layer
10 solely comprising transparent material 18. The optical layer 10 may be
constructed of a thermally conductive material to aid in heat dissipation. The
optical layer 10 covers the LED array 8 and the base layer 4. The LEDs 6 of the
LED array 8 may be fixed within the array 2 by the optical layer 10. As used
herein, “transparent material” may refer to materials that have 100% light
transmissivity but also refers to materials that are semi-transparent, as well. The
transparent material 18 may be selected to provide different insulating properties.
Exemplary transparent materials include epoxy-based or silicone-based materials
(e.g., epoxy resin or pre-preg). Pre-preg is a commonly used term in the art
meaning "pre-impregnated" composite fibers. Composite structures built of pre-
pregs typically require an oven or autoclave to cure. Exemplary pre-preg materials
include FR-4 (Woven glass and epoxy), FR-5 (Woven glass and epoxy), FR-6
(Matte glass and polyester), G-10 (Woven glass and epoxy), CEM-3 (Woven glass
and epoxy), CEM-4 (Woven glass and epoxy), and CEM-5 (Woven glass and
polyester). Exemplary manufacturers and suppliers of thermally conductive pre-
preg include Thermagon, Sekisui, Cofan Taiwan, Bergquist, and Denka.
Additional transparent materials are well-known and available to persons of skill
in the art. In an exemplary embodiment, the optical layer 10 comprises
transparent FR-4 having phosphor dispersed throughout the FR-4 material. Other
embodiments may comprise an optical layer 10 comprising one or more phosphor
layers. The one or more phosphor layers may comprise particles embedded within
the array 2 or in a separate medium forming a layer in the array 2.

[0047]  The thickness of the optical layer 10 may vary, depending on the height
of components, such as LEDs, being embedded therein. In an exemplary
embodiment, the optical layer 10 may have a thickness of about 0.5 mm to about 1
mm. For example, the optical layer 10 may have a thickness of about 0.5 mm to

about 0.75 mm or of about 0.6 mm to about 0.7 mm.

-13 -



WO 2012/145237 PCT/US2012/033475

10

15

20

25

30

[0048] The luminescent material 12 may be dispersed throughout the
transparent material 18 of the optical layer 10, such that the luminescent material
12 does not directly coat the LED 6 as a layer of luminescent material. The
absence of direct coating of the luminescent material 12 aids in heat dissipation
and thermal management for the array 2. The transparent material 18 and
luminescent material 12 do not form a composite, but rather the luminescent
material 12 is dispersed throughout the transparent material 18. In exemplary
embodiments, the luminescent material 12 may be uniformly dispersed throughout
the transparent material 18.

[0049] The luminescent material 12 may be any desired luminescent material.
Persons skilled in the art are familiar with, and have ready access to, a wide
variety of luminescent materials. For example, a phosphor is a luminescent
material that emits a responsive radiation (e.g., visible light) when excited by a
source of exciting radiation. In many instances, the responsive radiation has a
wavelength that is different from the wavelength of the exciting radiation.
Suitable phosphor materials include, but are not limited to, YAG, TAG, BOSE,
and CaSrAlSiN;. Other examples of luminescent materials include scintillators,
day glow tapes and inks that glow in the visible spectrum upon illumination with
ultraviolet light.

[0050] Luminescent materials can be categorized as being down-converting
(i.e., a material which converts photons to a lower energy level (longer
wavelength)) or up-converting (i.c., a material which converts photons to a higher
energy level (shorter wavelength)). Additionally, in exemplary embodiments, the
optical layer 10 may further comprise any of a number of well-known additives
(e.g., diffusers, scatterers, tints, etc.).

[0051] As detailed in U.S. Patent No. 7,213,940, hereby incorporated by
reference, the combination of LEDs and phosphor may be used to produce a high
efficiency white light source that provides an acceptable color temperature, good
color rendering index, and a wide gamut. Additionally, it will be appreciated by
one of skill in the art that the color of the LEDs, and the color and type of the
luminescent materials may be selected to provide the desired light output intensity

and color.
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[0052]  The surface 20 of the optical layer 10 may be finished, roughened,
patterned, processed, or a surface effect 22 formed therein to aid in obtaining a
predetermined light output and improved light extraction. For example, a surface
pattern or a region of the surface that is roughened may reside in the surface of the
optical layer 10. While such effect is described on the surface of the optical layer
10, the effect 22 may be added to other layers within the array 2 under the surface
of the optical layer 10.

[0053] Reference is now made to FIG. 6. FIG. 6 is a side view schematic
representation of the light emitting array of FIG. 5 with additional layers added to
the array 2. As in FIG. 5, the array 2 comprises the base layer 4, the LED array 8,
the glue layer 4, and the optical layer 10. It also comprises a substrate layer 24
disposed below the base layer 4 and a ground plane 26. In FIG. 6, from top to
bottom, the sequence of layers includes the optical layer 10, the LED array 8, the
glue layer 14, the base layer 4, the substrate layer 24 and the ground plane 26. The
substrate layer 24 enables a higher level of integration in the light emitting array 2
by providing a layer that can have additional components embedded therein. For
example, all of the driver level circuitry, including the application-specific
integrated circuit (ASIC), can be embedded in the substrate layer 24. In other
embodiments, the LED array 8 itself may be at least partially embedded in the
substrate layer 24, such that the substrate layer 24 is in contract with at least one
side portion of the LEDs 6 of the LED array 8.

[0054] The substrate layer 24 may comprise ceramic materials, organic
insulators, epoxy resin, or pre-preg. In a feature of the aspect, the substrate layer
24 comprises pre-preg material, such as FR-4, FR-5, FR-6, G-10, CEM-3, CEM-4,
and CEM-5. In some embodiments, the substrate layer 24 and the optical layer 10
are comprised of the same material. For example, the substrate layer 24 and the
optical layer 10 may both be comprised of transparent FR-4 pre-preg material. It
will be understood by the skilled person that additional substrate layers may be
included in the array depending on the design purposes of the array.

[0055] Embedding of additional components into the light emitting array 2
further reduces the size needed for the LED package. Reduction of the total
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footprint of the LED package is particularly beneficial for smaller form factor
applications, such as conventionally-sized light bulbs.

[0056] The ground plane 26 may be added to the light emitting array 2 as a
thermal management tool. The ground plane 26 size may be adjusted to meet the
thermal requirements of the light emitting array 2. The ground plane 26 may
comprise a metal foil, such as copper foil. It will be recognized that while the
ground plane 26 is in contact with the substrate layer 24 in FIG. 6, it is
contemplated that an LED array within the scope of the invention may have the
ground plane 26 in contact with the base layer 4 (e.g., in embodiments that do not
include a substrate layer or layers).

[0057] Micro vias 28 may be formed in the base layer 4 to electrically connect
the embedded components, including LEDs 6, to a power source. For example,
the vias 28 may be formed in positions that correspond to the bumps or studs 16
formed on the LEDs 6. The vias 28 may be formed by drilling (e.g., using laser or
mechanical drilling). The presence of the vias 28 for electrical connection
facilitates the absence of wire bonding for providing electrical connection for the
LEDs 6. As such, the vias 28 enable closer spacing of the LEDs 6 and thus the
ability to have a smaller LED package without sacrificing light output. While
FIG. 6 shows an exemplary arrangement of micro vias 28 within the array 2, it
will be recognized and understood by the skilled person that other arrangements
may be devised consistent with the present teachings, including additional micro
vias formed in the substrate layer 24 to further facilitate electrical connection for
the LEDs 6 and/or provide further heat dissipation from the LEDs 6. In some
embodiments, micro vias 28 formed in the base layer 4 and in the substrate layer
24 may be positioned in a linear configuration. In other embodiments, the micro
vias 28 may be positioned in non-linear configurations.

[0058] In an exemplary embodiment, the light emitting array 2 is a printed
circuit board (PCB) with an LED embedded therein. The printed circuit board
may be a single sided printed circuit board or a double sided printed circuit board.
The printed circuit board may comprise one or more parallel layers. The printed
circuit board may include additional electrical components embedded within the

printed circuit board and/or mounted to an outer surface of the printed circuit
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board.  Electrical components may be packaged singly, such as resistors,
capacitors, and transistors, or in groups, such as in amplifiers, oscillators, and
integrated circuits. In some embodiments, all of the electrical components are
embedded within the printed circuit board. In other embodiments, some of the
electrical components, such as the drive circuitry, resistors, inductors and
capacitors, are embedded within the printed circuit board, while other electrical
components are mounted to an outer surface of the printed circuit board.
Electronic components may be mounted on an outer surface of the printed circuit
board using surface mount technology (SMT). The printed circuit board may be
used in a variety of different applications, including, but not limited to, consumer
electronics (i.e. televisions, cellular phones, cable television converter boxes, etc.),
dedicated service electronics, and high reliability electronics.

[0059] Reference is now made to FIG. 7. FIG. 7 is a series of side view
schematic representations of a light emitting array in accordance with the present
invention depicting an exemplary process for manufacturing the light emitting
array.  Printed circuit board processing and assembly are conventionally
performed in a clean environment where the air and components can be kept free
of contamination. Most electronic manufacturers have their own proprietary
processes, but the following process is an exemplary process that may be used to
make a two-sided printed circuit board.

[0060] In the exemplary process, a base layer 4 is provided and an LED 6 is
provided. In FIG. 7, the LED 6 is an LED array 8. For example, the base layer
may be a copper panel. Then a reflective glue layer can be applied to the copper
panel to form a so-called adhesive-backed copper foil. The LED array can then be
placed on the glue layer using conventional methods (e.g., a chip shooter).

[0061]  Although not illustrated in FIG. 7, the optical layer 10 may be formed
as follows. Woven glass fiber is unwound from a roll and fed through a process
station where it is impregnated with epoxy resin either by dipping or spraying.
For the present invention, this is the stage where the luminescent material (e.g.,
phosphor) can be added. The impregnated glass fiber then passes through rollers

that roll the material to the desired thickness for the finished substrate and also
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remove any excess resin. The substrate material passes through an oven where it
is semicured. After the oven, the material is cut into large panels.

[0062] The cut panels can then be stacked in layers, alternating with layers of
adhesive-backed copper foil. In the present invention, the optical layer is stacked
on the LED array and the base layer (as shown in the center figure in FIG. 7). The
stacks are then placed in a press where they are subjected to temperatures of about
340°F (170°C) and pressures of 1500 psi for an hour or more. This fully cures the
resin and tightly bonds the copper foil to the surface of the substrate material. In
an exemplary embodiment, the optical layer may be a FR-4 pre-preg with
phosphor dispersed therein.

[0063] The following steps can be used to drill and plate holes or micro vias.
Several panels of substrate or optical layer/base layer, each large enough to make
several printed circuit boards, are stacked on top of each other and pinned together
to keep them from moving. The stacked panels are placed in a CNC machine, and
the holes are drilled according to the pattern determined when the boards were laid
out. The holes are then deburred to remove any excess material clinging to the
edges of the holes. The inside surfaces of the holes that are designed to provide a
conductive circuit from one side of the board to the other are plated with copper.
Non-conducting holes are plugged to keep them from being plated or are drilled
after the individual boards are cut from the larger panel.

[0064] The following steps may be used to create a printed circuit pattern on
the optical layer/base layer composite. The printed circuit pattern may be created
by an "additive" process or a "subtractive" process. In the additive process, copper
is plated, or added, onto the surface of the substrate in the desired pattern, leaving
the rest of the surface unplated. In the subtractive process, the entire surface of the
substrate is first plated, and then the areas that are not part of the desired pattern
are etched away, or subtracted.

[0065] The following steps may be used for the additive process. The copper
foil surface of the substrate or the optical layer/base layer composite is degreased.
The panels pass through a vacuum chamber where a layer of positive photoresist
material is pressed firmly onto the entire surface of the foil. A positive photoresist

material is a polymer that has the property of becoming more soluble when
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exposed to ultraviolet light. The vacuum ensures that no air bubbles are trapped
between the foil and the photoresist. The printed circuit pattern mask is laid on top
of the photoresist and the panels are exposed to an intense ultraviolet light.
Because the mask is clear in the areas of the printed circuit pattern, the photoresist
in those areas is irradiated and becomes soluble. The mask is removed, and the
surface of the panels is sprayed with an alkaline developer that dissolves the
irradiated photoresist in the areas of the printed circuit pattern, leaving the copper
foil exposed on the surface of the substrate. The panels are then electroplated with
copper. The foil on the surface of the substrate acts as the cathode in this process,
and the copper is plated in the exposed foil areas to a thickness of about 0.001-
0.002 inches (0.025-0.050 mm). The areas still covered with photoresist cannot act
as a cathode and are not plated. Tin-lead or another protective coating is plated on
top of the copper plating to prevent the copper from oxidizing and as a resist for
the next manufacturing step. The photoresist is stripped from the boards with a
solvent to expose the substrate's copper foil between the plated printed circuit
pattern. The boards are sprayed with an acid solution that eats away the copper
foil. The copper plating on the printed circuit pattern is protected by the tin-lead
coating and is unaffected by the acid.

[0066]  Additionally, the surface 20 of the optical layer 10 may be finished to
obtain a predetermined light output. Surface finishing may include providing
surface patterns or providing a roughened arca in a portion of the surface. It will
be understood by one of skill in the art that in alternative embodiments, other
layers within the array 2 may be the finished, roughened, patterned, and/or
processed to provide an eftect under the surface of the optical layer 10.

[0067] If more layers are desired, additional substrate layers may be added to
the optical layer/base layer composite in the manner described above. For
example, the above-described composite may be flipped over for application of a
substrate layer onto the base layer and/or for drilling of micro vias in the base
layer to enable electrical connection to the LED array 8 and other components.
One of skill in the art will understand how to build layers as desired. Additional
components (e.g., driver circuitry) may be embedded in the substrate layer 24. A

ground plane 26 may also be applied to the substrate layer 24. The size of the
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ground plane 26 is variable and may be adjusted based on the thermal
requirements.

[0068] Referenpe is now made to FIG. 8. FIG. 8 is a side view schematic
representation of an alternative embodiment of a light emitting array 30 in
accordance with the present invention. The light emitting array 30 comprises a
base layer 32, an array 36 of LEDs 34 disposed on the base layer 32, and an
optical layer 38 covering the array 36 of LEDs 34 and the base layer 32. A glue
layer 42 may be applied to the base layer 32, and the LED array 36 may be placed
on the glue layer 42 using conventional methods. The light emitting array 30 also
comprises a ground plane 50 disposed below the base layer 32 and a first substrate
layer 52. In this embodiment, the LED array 36 is embedded within the first
substrate layer 52 such that the first substrate layer 52 is adjacent to and in contact
with the LED array 36 and the base layer 32. In this embodiment, the first
substrate layer 52 may comprise a transparent material, such as transparent epoxy
resin or pre-preg. Micro vias 40 may be formed in the base layer 32 to electrically
connect the embedded components to a power source. A second substrate layer 56
is disposed below the base layer 32 and is in contact with the ground plane 50.
[0069] The optical layer 38 comprises a transparent material 44 having
luminescent material 46 disposed therein. In some embodiments, the transparent
material 44 may be a transparent epoxy resin or pre-preg material. The
luminescent material 46 may comprise any suitable material, including phosphor.
The surface of the optical layer 38 may be finished or a surface effect 48 formed
therein to aid in obtaining a predetermined light output and diffusing light. For
example, a surface pattern or a region of the surface that is roughened may reside
on the surface of the optical layer.

[0070]  As shown, the optical layer 38 is separate from the embedded LED
array 36. The optical layer 38 may be separated from the embedded LED array 36
in order to control the'amount of heat produced by the luminescent material 46 and
the LED array 36. For example, in embodiments where the luminescent material
46 is phosphor, the phosphor may produce greater amounts of heat than the LEDs
34. The light emitting array 30 includes a copper panel 54, or trace, disposed
between the optical layer 38 and the embedded LED array 36 within the first

-20 -



WO 2012/145237 PCT/US2012/033475

10

15

20

25

30

substrate layer 52. The copper panel 54 may be used as a means to dissipate heat
generated by the optical layer 38 during use of the light emitting array 30. The
copper panel 54 is disposed over the first substrate layer 52 and includes openings
55 to allow light emitted by the LEDs 34 of the LED array 36 to pass through the
first substrate layer 52 and into the optical layer 38. Thermal paths 58 may be
drilled through the copper panel 54 and the first substrate layer 52 to the ground
plane 50 to help with heat dissipation. As shown, a portion of the copper panel 54
is not covered by the optical layer 38. This portion of the copper panel 54 may
also be used to aid heat dissipation from the optical layer 38. Additional heat
sinks 62, 64 arc disposed on the light emitting array 30 in contact with the ground
plane 50. The heat sinks 62, 64 may be made from material having high thermal
conductivity such as aluminum, copper, ceramics, plastics, composites, or a
combination of these materials. In other embodiments, additional ground planes
may also be included in the light emitting array 30 in order to better facilitate heat
dissipation.

[0071] A third substrate layer 60 is disposed below the ground plane 50. The
third substrate layer 60 enables a higher level of integration in the light emitting
array 30 by providing layers that may have additional components embedded
therein. As shown, components 66, such as the ASIC, are embedded in the third
substrate layer 60. Additional components, including supporting components such
as resistors, inductors, and capacitors may also be embedded within the third
substrate layer 60. It will be understood by the skilled person that multiple ground
planes and substrate layers may be included in the array depending on the design
purposes of the array.

[0072]  Reference is now made to FIG. 9. FIG. 9 is a side view schematic
representation of an alternative embodiment of a light emitting array 70 in
accordance with the present invention. The light emitting array 70 comprises a
base layer 72, and an array 76 of LEDs 74 disposed on the base layer 72, and an
optical layer 78 covering the array 76 of LEDs 74 and the base layer 72. A glue
layer 82 may be applied to the base layer 72 and the LED array 76 may then be
placed on the glue layer 82 using conventional methods (e.g., a chip shooter). The

light emitting array 70 also comprises a ground plane 90 disposed below the base
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layer 72. Micro vias 80 may be formed in the base layer 72 to electrically connect

the embedded components to a power source. Heat sinks 84, 86 are disposed on

the light emitting array 70 in contact with the ground plane 90. The heat sinks 84,
86 may be made from material having high thermal conductivity such as
aluminum, copper, ceramics, plastics, composites, or a combination of these
materials.

[0073] The optical layer 78 comprises a transparent material 79. In some
embodiments, the transparent material 79 may be an epoxy resin or pre-preg
material. As shown in FIG. 9, the light emitting array 70 may include an optional
transparent layer 81, an optional spacer layer 83, and an optional luminescent layer
85 disposed above the optical layer 78. The dashed lines indicate the optional
nature of the transparent layer 81, spacer layer 83, and the luminescent layer 85.
As shown, the transparent layer 81 is disposed above the optical layer 78. In some
embodiments, the transparent layer 81 may comprise materials such as plastic,
silicon, glass, epoxy-resin, and pre-preg materials. The spacer layer 83 is disposed
between the transparent layer 81 and the luminescent layer 85. The spacer layer
83 may comprise transparent material such as silicone, epoxy resin, oil, dielectrics,
and other materials. The spacer layer 83 may provide further separation between
the array 76 of LEDs 74 from the luminescent layer 85, which may provide
additional heat dissipation. The luminescent layer 85 is disposed above the
transparent layer 81. The luminescent layer 85 may comprise a transparent
material 87 having luminescent material 89 disposed through the transparent
material 87.  Suitable luminescent material 89 may include phosphors,
scintillators, day glow tapes and inks that glow in the visible spectrum upon
illumination with ultraviolet light. In one exemplary embodiment, the luminescent
material 89 is a phosphor. The surface of the luminescent layer 85 may be
finished, roughened, patterned, processed, or an optional surface effect 88 formed
therein (as indicated by dashed lines) to aid in obtaining a predetermined light
output and improved light extraction. For example, a surface pattern or a region of
the surface that is roughened may reside in the surface of the optical layer 78. It
will be understood by one of skill in the art that the surface pattern or a region of

the surface may be disposed on the surface of the luminescent layer 85, or
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disposed in a separate layer of the light emitting array 70 below the luminescent
layer 85. Optional thermal paths 91 (as indicated by the dashed lines) may be
drilled through the luminescent layer 85, the spacer layer 83, and the transparent
layer 81 in order to allow heat dissipation from the luminescent layer 85 to the
heat sinks 84, 86. It will be understood by the skilled person that one or more of
the optional layers may be included depending on the design purposes of the array
70.

[0074] The light emitting array 70 includes a first substrate layer 92, a second
substrate layer 94, and a third substrate layer 96. The first substrate layer 92, the
second substrate layer 94, and the third substrate layer 96 may comprise a
transparent material, such as transparent epoxy resin or pre-preg. The first
substrate layer 92 is disposed below the base layer 72 and is in contact with the
ground plane 90. The second substrate layer 94 is disposed beneath the ground
plane 90 and the third substrate layer 96 is disposed beneath the second substrate
layer 94. The first substrate layer 92, the second substrate layer 92, and the third
substrate layer 96 enable a higher level of integration in the light emitting array 70
by providing layers that may have additional components embedded therein.
While the embodiment shown in FIG. 9 comprises a first substrate layer 92, a
second substrate layer 94, and a third substrate layer 96, it will be understood by
one of skill in the art that the array 70 may include more or less substrate layers.
[0075] The light emitting array 70 may also include optional electrical
components 93, 95, and 97 (as indicated by dashed lines). As shown, electrical
components 93 and 95 are embedded within the first substrate layer 92 and the
second substrate layer 94, respectively. Components 93 and 95 may comprise the
driver level circuitry, including the ASIC, or other active components for
operation of the light emitting array 70. In addition, supporting components, such
as resistors, capacitors, and inductors, may also be embedded within the light
emitting array 70. Components 97 are mounted to outer surfaces of the light
emitting array 70. Components 97 may comprise active components and passive
components for operation of the array 70, as well as, as components such as
transistors, oscillators, or additional LEDS may be mounted to the outer surfaces

of the light emitting array 70. Components 97 may be mounted to the outer
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surfaces of the light emitting array 70 using surface mount technology. One of
skill will understand that optional components 93, 95, and 97 may be disposed
within the light emitting array in all of the places indicated in FIG. 9, or all in one
place within and/or upon the light emitting array 70. For example, all of the
components may be embedded within the first substrate layer 92.

[0076] In the drawings and specification, there have been disclosed typical
embodiments of the invention and, although specific terms are employed, they are
used in a generic and descriptive sense only and not for purposes of limitation, the

scope of the invention being set forth in the following claims.
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CLAIMS

1.

A light emitting array, comprising:
(a) a submount having a top surface and a bottom surface, and
(b) at least one LED at least partially embedded within the submount;

wherein the top surface of the submount is in contact with at least a side

surface of the at least one LED.

2.

The array of claim 1, wherein the at least one LED is completely embedded in

the submount.

The array of claim 1, wherein the submount comprises a transparent epoxy

resin pre-preg material.

The array of claim 1, wherein the submount comprises one or more parallel

layers.

The array of claim 4, further comprising a base layer in contact with the at

least one LED.

The array of claim 5, further comprising a glue layer bonding the at least one

LED to the base layer, wherein the glue layer overlies the base layer.

The array of claim 4, further comprising micro vias disposed through the one

or more parallel layers of the submount.
The array of claim 4, further comprising an optical layer covering the at least
one LED in such a way that light emitted from the at least one LED passes

through the optical layer.

The array of claim 8, wherein the optical layer comprises a transparent

material having a luminescent material dispersed therein.
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10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The array of claim 9, wherein the luminescent material comprises phosphor.

The array of claim 8, wherein the optical layer comprises transparent epoxy

resin having phosphor dispersed therein.

The array of claim 1, wherein the at least one LED comprises an array of

LEDs.

The array of claim 12, wherein spacing between the LEDs in the array is

between about 40 microns to about 100 microns.

The array of claim 1, further comprising a ground plane.

The array of claim 4, further comprising a substrate layer disposed below the

at least one LED.

The array of claim 15, wherein a component is embedded within the substrate

layer.

The array of claim 16, wherein the component is drive circuitry.

The array of claim 8, wherein a surface effect resides on a surface of the

optical layer such that the array produces a predetermined light output.

The array of claim 18, wherein the surface effect comprises a roughened

surface region.

The array of claim 18, wherein the surface effect comprises a surface pattern.

The array of claim 1, wherein the light emitting array comprises a printed

circuit board with at least one LED embedded therein.
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22.

23.

24.

25.

26.

27.

28.

290.

30.

31.

The array of claim 21, wherein a component is mounted to an outer surface of

the printed circuit board.

A process for manufacturing a light emitting array, the process comprising
(a) providing at least one LED; and
(b) at least partially embedding the at least one LED within a submount.

The process of claim 23, further comprising stacking an optical layer in

covering relation to the at least one LED.

The process of claim 24, wherein the optical layer comprises a transparent

material including a luminescent material dispersed therein.

The process of claim 23, further comprising placing the at least one LED on a

base layer prior to the embedding step.

The process of claim 26, further comprising drilling a micro via in the base

layer.

The process of claim 26, further comprising adding a ground plane to the light
emitting array, wherein the ground plane is disposed below the at least one

LED and the base layer.

The process of claim 23, wherein a top surface of the submount is in contact

with at least a side surface of the at least one LED.

The process of claim 23, wherein the at least one LED is completely

embedded within the submount.

The process of claim 23, wherein the light emitting array comprises a printed

circuit board having at least one LED embedded therein.
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32.  The process of claim 26, wherein the at least one LED is bonded to the base
layer by a glue layer overlying the base layer.

5 33.  The process of claim 25, wherein the luminescent material comprises

phosphor.
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See patent family annex.
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"O" document referring to an oral disclosure, use, exhibition or other
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the priority date claimed
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being obvious to a person skilled in the art
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