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(57) ABSTRACT

Various aspects of a light emitting apparatus includes a
substrate. Various aspects of the light emitting apparatus
include a light emitting die arranged on the substrate. The
light emitting die includes one or more side walls. Various
aspects of the light emitting apparatus include a reflective
die attach material extending along the one or more side
walls of the light emitting die.
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LED ARRAY PACKAGE
BACKGROUND

Field

[0001] The present disclosure relates generally to vertical
LEDs and, more particularly, to vertical LEDs having light
output that 1s similar to the light output by lateral LEDs.

Background

[0002] Solid state light emitting devices, such as light
emitting dies (LEDs), are attractive candidates for replacing
conventional light sources such as incandescent, halogen,
and fluorescent lamps. LEDs have substantially longer life-
times than all three of these types of conventional light
sources. In addition, some types of LEDs now have higher
conversion eiliciencies than fluorescent light sources and
still higher conversion efhiciencies have been demonstrated
in laboratories. Finally, LEDs contain no mercury or other
potentially dangerous materials, therefore, providing various
safety and environmental benefits.

[0003] Several different LED designs exist today, includ-
ing vertical LEDs and lateral LEDs. Vertical LEDs have
been considered as a replacement for lateral LEDs 1n array
packages because vertical LEDs perform better than con-
ventional lateral LEDs. However, simply using a vertical
LED as a “drop-1n” replacement for a lateral LED produces
a 20% lumen drop in most LED chip-on-board configura-
tions due to the occurrence of light absorbing eflects
between LEDs. Therefore, 1t 1s difficult to use vertical LEDs
as a replacement for lateral LEDs without additional opti-
mization to account for the lumen drop.

SUMMARY

[0004] Several aspects of the present mvention will be
described more fully heremnafter with reference to various
apparatuses.

[0005] One aspect of a light emitting apparatus includes a
substrate. The light emitting apparatus includes a light
emitting die arranged on the substrate. The light emitting die
includes one or more side walls. The light emitting apparatus
includes a reflective die attach material extending along the
one or more side walls of the light emitting die.

[0006] Another aspect of the light emitting apparatus
includes a substrate. The light emitting apparatus includes a
light emitting die arranged on the substrate. The light
emitting die includes a translucent carrier substrate.

[0007] One aspect of a lamp 1ncludes a housing. The lamp
includes a light emitting apparatus coupled to the housing.
The light emitting apparatus includes a substrate. The light
emitting apparatus includes several light emitting dies
arranged on the substrate. Each of the light emitting dies
includes one or more side walls. The light emitting apparatus
includes a reflective die attach material extending along the
one or more side walls of each of the light emitting dies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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 clarity. Thus, the drawings may not depict all
of the components of a given apparatus or method.

Sep. S, 2019

[0009] Various aspects of the present mvention will be
described herein with reference to drawings that are sche-
matic i1llustrations of 1dealized configurations of the present
invention. As such, variations from the shapes of the 1llus-
trations as a result, for example, manufacturing techniques
and/or tolerances, are to be expected. Thus, the various
aspects of the present invention presented throughout this
disclosure should not be construed as limited to the particu-
lar shapes of elements (e.g., regions, layers, sections, sub-
strates, bulb shapes, etc.) illustrated and described herein but
are to 1nclude deviations in shapes that result, for example,
from manufacturing. By way of example, an element 1llus-
trated or described as a rectangle may have rounded or
curved features and/or a gradient concentration at 1ts edges
rather than a discrete change from one element to another.
Thus, the elements 1llustrated 1n the drawings are schematic
in nature and their shapes are not intended to illustrate the
precise shape of an element and are not intended to limait the
scope of the present mvention.

[0010] 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:

[0011] FIG. 1a 1llustrates a cross-section view of an exem-
plary embodiment of a vertical LED.

[0012] FIG. 15 1llustrates cross-section view of a vertical
LED having p-electrode 110 routed to the top of the vertical
LED.

[0013] FIG. 24 illustrates a plan view of an exemplary
embodiment of a light emitting device.

[0014] FIG. 2b 1llustrates a top level view of an exemplary
embodiment of a light emitting device.

[0015] FIG. 3 illustrates a cross-section view of an exem-
plary embodiment of an LED having a die attach matenial.
[0016] FIG. 4a 1llustrates a cross-section view ol an exem-
plary embodiment of an LED device.

[0017] FIG. 4b1llustrates a top level view of an exemplary
embodiment of the light emitting device.

[0018] FIGS. 5a-5¢ are side view 1illustrations of various
exemplary apparatuses having a light-emitting device.

DETAILED DESCRIPTION

[0019] The detailed description set forth below in 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 in 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.

[0020] 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 imvention include the described
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components, structure, features, functionality, processes,
advantages, benefits, or modes of operation.

[0021] 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 eclements
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.

[0022] Furthermore, relative terms, such as “beneath” or
“bottom™ and “‘above™ or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated 1n the drawings. It will be understood that relative
terms are intended to encompass diflerent orientations of an
apparatus 1 addition to the orientation depicted 1n the
drawings. By way of example, i1 an apparatus 1n the draw-
ings 1s turned over, elements described as being “above”
other elements would then be oriented “below” other ele-
ments and vice versa. The term “above”, can therefore,
encompass both an orientation of “above” and “below,”
depending of the particular orientation of the apparatus.
Similarly, 1f an apparatus in the drawing 1s turned over,
clements described as “below” other elements would then be
oriented “above” the other elements. The terms “below” can,
therefore, encompass both an orientation of above and
below.

[0023] It will be further understood that the terms “com-
prises’ and/or “comprising,” when used 1n 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
thereof. The term “and/or” includes any and all combina-
tions of one or more of the associated listed 1tems.

[0024] 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 in 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 theirr meaning 1n the
context of the relevant art and the present disclosure and will
not be imterpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0025] In the following detailed description, various
aspects of the present mvention will be presented in the
context of a light-emitting die. A light-emitting die shall be
construed broadly to include any suitable semiconductor
light source such as, by way of example, a light emitting
diode (LED) or other semiconductor material which releases
photons or light through the recombination of electrons and
holes flowing across a p-n junction. Accordingly, any ref-
erence to an LED or other light source throughout this
disclosure 1s intended only to illustrate the various aspects of
the present mvention, with the understanding that such
aspects may have a wide range of applications.

[0026] The following description describes a vertical LED
array design for replacing lateral LED array designs. The
vertical LED design described in the foregoing paragraphs
provides a light output that 1s similar to conventional lateral
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LED arrays. As will be discussed in detail 1n the foregoing
paragraphs, by providing a translucent substrate and a reflec-
tive die attach material that surrounds the vertical LEDs of
an array, similar light output to conventional lateral LEDs 1s
realized.

[0027] FIG. 1a 1llustrates a cross-section view ol an exem-
plary embodiment of a vertical LED 100. An LED 1s a
semiconductor material impregnated, or doped, with 1mpu-
rities. These impurities add “electrons” or “holes” to the
semiconductor, which can move in the matenal relatively
freely. Depending on the kind of impurity, a doped region of
the semiconductor can have predominantly electrons or
holes, and 1s referred respectively as n-type or p-type
semiconductor regions.

[0028] Referring to FIG. 1, the LED 100 includes an
n-type semiconductor region 102 and a p-type semiconduc-
tor region 105. A reverse clectric field 1s created at the
junction between the two regions, which cause the electrons
and holes to move away from the junction to form an active
region 104. When a forward voltage suflicient to overcome
the reverse electric field 1s applied vertically across the p-n
junction through a pair of electrodes 101, 106, electrons and
holes are forced into the active region 104 and recombine.
When electrons recombine with holes, they fall to lower
energy levels and release energy in the form of light.

[0029] In this example, the n-type semiconductor region
102 1s formed on a growth substrate (not shown) and the
active layer 1s formed between the n-type semiconductor
region 102 and the p-type semiconductor region 1035. The
p-type electrode 106 1s directly or indirectly formed on the
p-type semiconductor layer 105. The growth substrate, on
which the n-type semiconductor layer 102 1s formed, 1s
removed so that the patterned n-type electrode 101 can be
formed on the surface of the n-type semiconductor region
102 that was attached to the growth substrate. However, the
n-type semiconductor region and the p-type semiconductor
region ol this example may be reversed. For instance, the
p-type semiconductor region 105 may be formed on the
growth substrate. As those skilled 1n the art will readily
appreciate, the various concepts described throughout this
disclosure may be extended to any suitable layered structure.
Additional layers or regions (not shown) may also be
included in the LED 100, including but not limited to bufler,
nucleation, contact and current spreading layers or regions,
as well as light extraction layers.

[0030] The n-type semiconductor layer and the p-type
semiconductor layer may comprise galllum nitride. As
shown 1n FIG. 1 below the n-p type semiconductor layers 1s
a broad area reflective p-type electrode 106, and a thermally
conductive substrate 107 to support the device structure
mechanically. The p-type electrode reflects light produced
by the active layer 104 so that it 1s not absorbed by the
substrate 107 below. The conductive substrate may comprise
a transparent or translucent material such as silicon or
aluminum nitride. Light incident on a translucent substrate
will be partially passed through and partially absorbed. By
way of example, a translucent substrate supporting a blue
LED encapsulated by a phosphor would pass between
10%-90% of the blue and yellow light with the remaining
light being absorbed. In contrast, substantially all light that
1s incident on a transparent substrate will be passed through
with almost no absorption. An example of a transparent
substrate 1s sapphire. As will be discussed 1n greater detail
below, aluminum nitride 1s preferable over silicon for a
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translucent substrate 1n chip-on-board LED packages
because it absorbs less light than silicon.

[0031] In the vertical LED of FIG. 1a the p-type electrode
106 1s formed below the n-p semiconductor layers. How-
ever, 1n some aspects of the light emitting device, 1t 1s
possible to route the p-electrode to the top of the vertical
LED structure. FIG. 15 illustrates cross-section view of a
vertical LED 120 having p-electrode 110 routed to the top of
the wvertical LED. As shown, both n-electrode 101 and
p-clectrode 110 are above the n-p semiconductor layer.
Thus, electrical traces can be connected directly to the
n-clectrode 110, providing greater tlexibility in designing
the vertical LED array of the chip-on-board package.

[0032] FIG. 2a illustrates a plan view of an exemplary
embodiment of a light emitting device 200. The light emiat-
ting device includes several vertical LEDs 205 having
translucent substrates 210. As discussed 1n the preceding
paragraphs, the translucent substrate may comprise alumi-
num nitride. The light emitting device also includes a
substrate 220 and a phosphor layer 240.

[0033] As shown, the vertical LEDs 205 are arranged on
the substrate 220. The substrate 220 may be comprised of
layers of aluminum, anodized aluminum, silver, and a dis-
tributed bragg retlector (DBR). The vertical LEDs 205 are
also covered by the phosphor layer 240 which scatters some
of the light produced by the vertical LEDs 205. The phos-
phor layer, which will be discussed 1n greater detail with
respect to FIG. 2b, may comprise phosphor particles that
scatter the light from the vertical LEDs in different direc-
tions. The scattered light, in some aspects of the device,
could be redirected to an adjacen‘[ vertical LED. If the
adjacen‘[ vertical LED comprises material that 1s light
absorbing, at least some of the redirected light will be
absorbed by the adjacent vertical LED. When light 1is
absorbed rather than output, the device’s performance sui-
fers.

[0034] The vertical LEDs 205 i this exemplary figure
have a translucent substrate 210, which has lower light
absorption properties than commonly used substrate mate-
rials such as silicon. Thus, light absorption between adjacent
vertical LEDs 1s reduced by the translucent substrate 210
leading to better light output from the light emitting device.
For instance, the translucent substrate may provide a 10%
lumen increase 1n light output over a conventional silicon
substrate. Additionally, the substrate may be optically tuned
to make the substrate more or less translucent so that the
LED array can be further customized for diflerent devices.

[0035] FIG. 2b 1llustrates a top level view of an exemplary
embodiment of the light emitting device 200. The light
emitting device includes an array of the vertical LEDs 205,
the phosphor layer 240, and the substrate 220. As shown, the
substrate 220 may be used to support a number of vertical
LEDs 205. The phosphor layer 240 may be deposited within
a cavity defined by an annular, or other shaped boundary that
extends around the upper surface of the substrate 220. The
boundary may be formed by a suitable mold or, alternatively,
formed separately from the substrate 220 and attached to the
substrate using an adhesive or other suitable means. The
phosphor layer 240 may include phosphor particles sus-
pended 1n an epoxy, silicone, or other carrier that may be
constructed from soluble phosphor that 1s dissolved in the
carrier. As discussed above with respect to FIG. 2a, light
emitted from each of the vertical LEDs 205 may be scattered
by the phosphor layer and partially absorbed by adjacent
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LEDs. However, the translucent substrates 210 of the ver-
tical LEDs 205 partially remedies the absorption issue
because 1t absorbs less light than other conventional sub-
strates such as silicon. However, the incorporation of a
reflective adhesive material that surrounds the vertical LED
may further remedy light absorption 1ssues between vertical
LEDs 1n a chip-on-board package.

[0036] FIG. 3 illustrates a cross-section view of an exem-
plary embodiment of a vertical LED 300 attached to a
substrate 320 by a die attach material 305. The vertical LED
300 includes a translucent substrate 310 as described 1n
detail with respect to FIGS. 1 and 2, and 1s arranged on the
substrate 320. The die attach material 303 1s used to bond the
vertical LED 300 to the substrate 320. The die attach
material also covers at least portion of the side walls 325 of
the vertical LED 300. In some aspects of the device, the die
attach material may cover a portion of the side wall 325 of
the vertical LED 300 that at least half the height of the
vertical LED. In such aspects, the die attach material 305
may cover a portion of the vertical LED 300 that 1s up to, but
not over the active region 104, which was discussed 1n detail
with respect to FIG. 1.

[0037] The die attach material increases the light output of
vertical LEDs arranged in an array by decreasing light
absorption between the vertical LEDs that are arranged close
to each other. In some aspects of the device, the die attach
material may be a white epoxy because white epoxy forms
a reflective surface. However, the die attach material may be
any adhesive suitable for bonding the vertical LED to the
substrate 320 that also has reflective properties. A die attach
material that i1s retlective means that 1t would reflect more
than 50% of incident light. A white epoxy die attach material
may be preferable 1n some aspects because 1t reflects about
80% of blue and yellow light. By limiting light absorption
turther, the reflective die attach material may boost the light
output of a vertical LED array by another 10% lumen (in
addition to the 10% lumen increase produced by the trans-
lucent substrate).

[0038] FIG. 4a 1llustrates a cross-section view ol an exem-
plary embodiment of light emitting device 400. The light
emitting device 400 includes several vertical LEDs 300
arranged on a substrate 420. The LED device 400 of FIG. 4
1s similar to the LED device 200 of FIG. 2 in that both
devices include several LEDs arranged on a substrate.
However, as will be discussed, LED device 400 1s designed
to perform better than the light emitting device 200 because
to the iclusion of die attach material 305 provides a higher
light output.

[0039] Referring to FIG. 4a, as shown, the die attach
material 305 1s used to bond each of the LEDs 300 to the
substrate 420. The substrate 420 may include material
similar to that of substrate 220 described with respect to
FIG. 2a. Additionally, the die attach material covers at least
a portion of the side walls of each of the vertical LEDs 300.

[0040] As discussed above, the die attach material 305
comprises a reflective material such as white epoxy. As a
result, light that 1s scattered by the phosphor layer is
reflected by the die attach material that would have other-
wise been absorbed by the vertical LED.

[0041] As illustrated 1 FIG. 4a, the die attach material
increases light output of the LED device 400 because light
absorption between LEDs 1s reduced. Thus, more light is
reflected away from adjacent vertical LEDs by the die attach
material 305. In some aspects of the device, this design
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increases light output by 10% lumen. Thus, the combination
of a translucent substrate and die attach maternial produces a
light output similar to the light output of conventional lateral
LEDs, making this design a suitable replacement for lateral
LEDs 1n a chip-on-board configuration.

[0042] FIG. 4b1llustrates a top level view of an exemplary
embodiment of the light emitting device 400. The lLight
emitting device 400 includes similar features to those of
light emitting device 200 described with respect to FIG. 25.
For instance, the light emitting device 400 includes an array
of the vertical LEDs 300, the phosphor layer 440, and the
substrate 420. However, the light emitting device 400 addi-
tionally 1ncludes the reflective die attach material 3035 that
surrounds the side walls of each of the LEDs 300 in the
array. Thus, greater light output 1s realized by the light
emitting device because the die attach material prevents

light that 1s scattered by phosphor layer 440 from being
absorbed by the vertical LEDs 305.

[0043] FIG. 5a 15 a side view 1illustration of an exemplary
lamp 500 having a light emitting device 502. Lamp 500 may
be used for any type of general 1llumination. For example,
lamp 500 may be used in an automobile headlamp, street
light, overhead light, or 1n any other general 1llumination
application. The light emitting device 502 may be located 1n
a housing 506. The light emitting device 502 may receive
power via a power connection 304. The light emitting device
502 may be configured to emit light. Description pertaining
to the process by which light 1s emitted by the light-emitting
device 202 1s provided with reference to FIG. 4.

[0044] FIG. 5b 1s a side view 1llustration of a flashlight
510, which 1s an exemplary embodiment of an apparatus
having the light emitting device 502. The light emitting
device 502 may be located inside of the housing 506. The
flashlight 510 may include a power source. In some aspects
of the light emitting device, the power source may 1nclude
batteries 514 located inside of a battery enclosure 512. In
another aspect of the light emitting device, power source 910
may be any other suitable type of power source, such as a
solar cell. The power connection 504 may transier power
from the power source (e.g., the batteries 514) to the
light-emitting device 502.

[0045] FIG. 5¢ 1s a side view illustration of a street light
520, which 1s another exemplary embodiment of an appa-
ratus having the light emitting device 502. The light emitting,
device 502 may be located inside of the housing 506. The
street light 520 may include a power source. In some
exemplary embodiments, the power source may include a
power generator 522. The power connection 504 may trans-

ter power from the power source (e.g., the power generator
522) to the light emitting device 502.

[0046] 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 1n 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.
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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.”

1-22. (canceled)

23. A light emitting apparatus comprising:

a base substrate;

a vertical light emitting diode having one or more side

walls extending from the base substrate; and

a reflective die attach material securing the vertical light

emitting diode to the base substrate and covering at
least a portion of an outer side of the one or more side
walls of the vertical light emitting diode.

24. The light emitting apparatus of claim 23, wherein the
vertical light emitting diode comprises a substrate and an
active region configured to emit light, with the vertical light
emitting diode disposed on the base substrate and the
substrate of the vertical light emitting diode having the one
or more side walls that extend 1n a vertical direction orthogo-
nal to the base substrate.

25. The light emitting apparatus of claim 24, wherein the
reflective die attach material extends 1n the vertical direction
and covers the portion of the outer side of the one or more
side walls of the substrate of the vertical light emitting

diode.

26. The light emitting apparatus of claim 24, wherein the
substrate of the vertical light emitting diode 1s translucent or
transparent to the light.

277. The light emitting apparatus of claim 23, wherein the
reflective die attach material comprises white epoxy.

28. The light emitting apparatus of claim 27, wherein the
white epoxy comprises 10% greater light output than a silver
CpPOXY.

29. The light emitting apparatus of claim 23, wherein the
reflective die attach material extends along at least half of a
height of the outer side of the one or more side walls.

30. The light emitting apparatus of claim 23, wherein the
vertical light emitting diode comprises a galllum nitride
layer over an aluminum nitride substrate.

31. The light emitting apparatus of claim 30, further
comprising a layer retlective disposed between the gallium
nitride layer and the aluminum nitride substrate.

32. The light emitting apparatus of claim 23, further
comprising at least one additional light emitting die arranged
on the base substrate and being configured to emait light.

33. The light emitting apparatus of claim 32, further
comprising a phosphor layer covering the vertical light
emitting diode and the at least one additional light emitting
die, wherein the phosphor layer 1s configured to scatter the
light.

34. The light emitting apparatus of claim 33, wherein the

reflective die attach material 1s configured to prevent absorp-
tion of the scattered light.

35. A light emitting apparatus comprising:

a base substrate;

a vertical light emitting diode disposed on the base
substrate and having a carrier substrate that 1s translu-
cent or transparent to light emitting by the vertical light

emitting diode and has one or more side walls extend-
ing from the base substrate; and
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a reflective layer securing the vertical light emitting diode
to the base substrate and covering at least a portion of
an outer side of the one or more side walls of the carrier
substrate.

36. The light emitting apparatus of claim 35, wherein the
carrier substrate comprises aluminum nitride.

37. A lamp comprising:

a housing;

a light emitting apparatus coupled to the housing, the light
emitting apparatus comprising:

a base substrate;

a plurality of vertical light emitting diodes that each
have one or more side walls extending from the base
substrate; and

a reflective die attach material securing each of the
vertical light emitting diodes to the base substrate
and covering at least a portion of an outer side of the
one or more side walls of each of the vertical light
emitting diodes.

38. The lamp of claim 38, further comprising a material
over the plurality of vertical light emitting diodes to scatter
the light.

39. The lamp of claim 38, wherein the light scattering
material comprises phosphor.

40. The lamp of claim 38, wherein the reflective die attach
material 1s configured to prevent absorption of the scattered
light between the plurality of vertical light emitting diodes.
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41. The lamp of claim 37, wherein each of the plurality of
vertical light emitting diode comprises a substrate and an
active region configured to emit light, with the substrate of
cach vertical light emitting diode having the one or more
side walls that extend in a vertical direction orthogonal to the
base substrate.

42. The lamp of claim 41, wherein the reflective die attach
material extends 1n the vertical direction and completely
covers the outer side of the one or more side walls of each
of the plurality of vertical light emitting diodes only up to at
most the active region of each of the plurality of vertical
light emitting diodes.

43. The lamp of claim 41, wherein the substrate of the
vertical light emitting diode 1s translucent or transparent to
the light.

44. The lamp of claim 37, wherein the reflective die attach
material comprises white epoxy.

45. The lamp of claim 44, wherein the white epoxy
comprises 10% greater light output than a silver epoxy.

46. The lamp of claim 37, wherein each of the vertical
light emitting diodes comprises a gallium nitride layer over
an aluminum nitride substrate.

47. The lamp of claim 46, further comprising a layer
reflective disposed between the gallium nitride layer and the
aluminum mitride substrate of each of the vertical light
emitting diodes.
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