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LIGHT EMITTING DIODE
CONSTRUCTIONS AND METHODS FOR
MAKING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application 1s a continuation of U.S.
patent application Ser. No. 14/555,508 filed Nov. 26, 2014,
now U.S. Pat. No. 10,297,731, which application 1s hereby

incorporated by reference 1n 1ts entirety.

FIELD

[0002] Disclosed herein are light emitting diodes, assem-
blies comprising the same, and methods for making such
assemblies constructions and, more specifically, water level
light emitting diode assemblies and method for making the
same.

BACKGROUND

[0003] Light emitting diodes (LEDs) are known 1n the art
and are useful for the purpose of meeting the needs of
numerous end-use lighting applications. Such LEDs are
typically formed on a substrate or waler containing a num-
ber of such LEDs. The water 1s diced to obtain the number
of LEDs formed thereon and the separate LEDs are then
processed, e.g., to include any wavelength conversion mate-
rial disposed thereon to obtain a desired wavelength light
output, and one or more lenses, and then used to form a
desired LED assembly or package comprising a number of
the so-formed LEDs. The LEDs in the assembly or package
are also electrically connected with one another and config-
ured to make electrical contact with a desired connection
substrate.

[0004] The above-noted conventional manner of making
LED assemblies, by working with the diced or individual
LEDs for the purpose downstream processing for making
LED constructions useful for including in an LED assembly
or package, 1s not the most eflective from a manufacturing
perspective. The process of dicing the LEDs, and then
processing the separated LEDs through the downstream
manufacturing steps needed for making final LED construc-
tions useful for then forming an LED assembly or LED
package comprising the same, 1s one that 1s cost and labor

intensive as a result of such downstream processing for such
individual LEDs.

[0005] Accordingly, it 1s desired that LED constructions
and method for making the same be developed 1n a such a
manner so as to enable a number of LEDs to be subjected to
such downstream manufacturing processing at one time to
thereby 1mprove the manufacturing efliciency associated
with making the same when compared to the above-de-
scribed method of making LED constructions. It 1s further
desired that such LED constructions and method for making
the same be developed 1n a manner that optimizes certain
properties of the LED constructions and LED assemblies
and packaging formed therefrom, including but not limited
to obtaining a desired degree of control over the wavelength
of light emitted, 1.e., white point control from the LEDs
within an LED construction and LED assemblies and pack-
aging comprising the same.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features and advantages of light
emitting diode constructions, assemblies comprising the
same, and methods for making the same as disclosed herein
will be appreciated as the same becomes better understood
by reference to the following detailed description when
considered 1n connection with the accompanying drawings.

[0007] FIG. 1 1s a cross-sectional side view of an example
light emitting diode construction during an initial step of
making as disclosed herein;

[0008] FIG. 21s a cross-sectional side view of the example
light emitting diode construction of FIG. 1 during a subse-
quent step of making as disclosed herein;

[0009] FIG. 3 1s a cross-sectional side view of the example
light emitting diode construction of FIG. 2 during a subse-
quent step of making as disclosed herein;

[0010] FIG. 4 1s a bottom view of an enlarged section of
the example light emitting diode construction of FIG. 3
better illustrating some of the features as disclosed herein;
and

[0011] FIG. 5 1s a cross-sectional side view of the example
light emitting diode construction of FIG. 3 during a subse-
quent step of making as disclosed herein.

SUMMARY

[0012] Light emitting diode constructions and light emat-
ting assemblies as disclosed herein comprise a light emitting
diode comprising a pair of electrical contacts positioned
along a bottom surface. A lens 1s disposed over the light
emitting diode, wherein the lens 1s formed from an optically
transparent material that encapsulates top and side surfaces
of the light emitting diode. In an example, the optically
transparent material 1s a silicone such as phenyl silicone. In
an example, the lens covers a portion of the light emitting
diode bottom surface, and may have a hemispherical shape
along a top portion.

[0013] The assembly further comprises a pair of electrical
terminals each connected with a respective light emitting
diode electrical contacts, wherein the pair of electrical
terminals are greater in size than the respective electrical
contacts and are also connected with the optically transpar-
ent material. In an example, the electrical terminals may be
provided 1n the form of printed copper. In an example, the
assembly may comprise a layer of wavelength converting
material such as conformal phosphor interposed between the
light emitting diode and the lens. In an example, the lens
may comprise a sidewall portion that extends upwardly from
the electrical terminals to the hemispherical top portion. In
another example, the sidewall portions that extend upward
are rectangular and/or contiguous with the hemispherical top
portion.

[0014] The assembly may comprise two or more of the
light emitting diodes each comprising the lens and the
electrical terminals, wherein the lenses of the two or more
light emitting diodes are connected with one another to form
a rigid assembly connecting together the two or more light
emitting diodes and {facilitating water level downstream
processing. In an example, the two or more light emitting
diodes each emit light at a different wavelength. For
example, the wavelength of light emitted by each light
emitting diode can differ from one another by about 2.5 nm
or less.
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[0015] Light emitting constructions and assemblies as
disclosed herein may be made by disposing two or more
light emitting diodes on a common wafer, forming a light
conversion material over the two or more light emitting
diodes to thereby provide an imtial rigid structure for
subsequently water level forming an optically transparent
material over the light conversion material, thereby provid-
ing a further level of rigidity to the resulting construction. In
an example, the two or more light emitting diodes are
attached to the common waler by an adhesive material
interposed therebetween. In an example, the two or more
light emitting diodes are selected having a light emission
that differs from one another by about 2.5 nm or less. In an
example, the optically transparent material 1s used to form a
lens over the light conversion material by compression
molding.

[0016] The common water 1s removed to expose electrical
contacts on the two or more light emitting diodes for
tacilitating water level forming electrical terminals on the
two or more light emitting diodes, wherein each electrical
terminal 1s connected with a respective electrical contact and
1s s1zed larger than a respective electrical contact and also
contacts the optically transparent material. In an example,
where the adhesive matenial used to attach the light emitting
diodes 1s a thermal adhesive, the common wafer 1s removed
by subjecting the construction to an elevated temperature. In
an example, the electrical terminals are formed by deposit-
ing a metallic material onto the two or more light emitting
diodes, wherein the metallic material 1s deposited 1 a
desired configuration of the electrical terminals. Alterna-
tively, the electrical terminals may be formed by depositing,
a metallic material onto the two or more light emitting
diodes, wherein the metallic material 1s deposited 1n excess
and a stencil 1s used to define a desired configuration of the
clectrical terminals. In an example, the metallic matenal
deposited comprises a binder, and wherein after forming
clectrical terminals on the two or more light emitting diodes,
the deposited metallic material to an elevated temperature to
volatize the binder.

[0017] The so-partially tabricated device 1s then treated to
separate the rigid structure with electrical contacts into
separate light emitting diode packages wherein each pack-
age has electrical terminals exposed. In an example, the
constructed 1s separated by sawing the rnigid structure into
separate light emitting diode packages.

DESCRIPTION

[0018] Light emitting diodes (LEDs) and constructions
and assemblies comprising the same as disclosed herein
make use of LEDs having contacts on a common surface of
the LED, which may include but are not limited to LEDs
having a flip chip architecture, to promote processing and
use 1n an array assembly and/or packaging for meeting the
needs of a particular connection substrate and end-use
application. A feature of the LED constructions and methods
for making the same as disclosed herein 1s that they are
specifically developed and engineered to promote down-
stream processing of multiple LEDs on a water level, to
thereby provide an improved level of manufacturing control
and efliciency when compared to the conventional chip level
LED construction and processing techniques disclosed
above.

[0019] In an example embodiment, LEDs useful for mak-
ing LEDs constructions according to the methods disclosed
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herein are flip chip LEDs, which may be manufactured to
emit light at diflerent wavelengths depending on the par-
ticular end-use application. However, 1t 1s to be understood
that LEDs having other types of architectures may also be
used. A feature of such LEDs useful for making LED
constructions as disclosed herein 1s that they be configured
to include electrical contacts along a common surface of the
LED to thereby promote forming a desired electrical contact
with adjacent LEDs 1n an LED assembly and/or to facilitate
forming desired electrical contact with a connection sub-
strate along a common surface of such LEDs.

[0020] FIG. 1 illustrates an example LED construction 10
during an 1nitial step of a method of making as disclosed
herein. During this mitial step, a desired number of LEDs 12
(e.g., two or more) are attached to a carrier or substrate 14.
The LEDs 12 comprise electrical contacts (not shown) that
are disposed along a common surface of each respective
LED, and that are oriented adjacent the carrier or substrate
14. The carnier or substrate 14 as used herein may also be
referred to as a waler and 1s employed as a temporary
member for the purpose of downstream processing of the
LEDs disposed therein. A feature of the carrier or substrate
1s that 1t be formed from a sufliciently rigid material so as to
facilitate downstream processing of the LEDs in a manner
that resists unwanted bending, flexing, or distortion as 1t
relates to the position of the LEDs disposed thereon. In an
example, the carrier or substrate 1s formed from silicone,
quartz, and the like. Because the wafer 1s to be removed
during a subsequent processing step, 1t 1s not necessary that
the waler be optically transparent or have other properties
typically associated with making an LED assembly.

[0021] In an example, the waler has a thickness that may
vary depending on the particular material that 1s used. In an
example where the water 1s quartz, that thickness of the
waler may be from about 0.2 mm to 1.5 mm, from about 0.5
mm to 1 mm, and 1n a particular example 1s approximately
0.7 mm.

[0022] The LEDs 12 are attached to the waler 14 via a
removable adhesive 16. In an example, the adhesive can be
provided 1n the form of a preformed layer of adhesive
material, or can be provided 1n a non-preformed form, such
as one that 1s spray or otherwise provided, and that is
interposed between the LEDs 12 and a top surface 15 of the
waler 14. In an example, the adhesive 1s formed from a
material that can be treated or otherwise activated to lose its
adhesive properties so as to permit the removal of wafer
from the LEDs during a downstream processing step. It 1s
desired that the LEDs 12 be removed from the watfer 14 1n
a manner that does not damage the LEDs or any other
features or elements of the LED construction 10 that may
exist or be present at the time of such removal process. In an
example, the adhesive layer may be formed from a material
that loses its adhesive properties upon exposure to heat,
ultra-violet radiation, and/or chemical treatment. In an
example embodiment, the adhesive that 1s used 1s a two-
sided adhesive that loses 1ts adhesive properties so as to
permit removal of the LEDs from the waler at an elevated
temperature, 1.€., 1s a thermal adhesive, wherein in an
example embodiment the temperature 1s between about 150
to 200° C., and 1n a particular example 1s approximately

130° C.

[0023] In an example, the adhesive has a thickness that
may vary depending on the particular material that 1s used.
In an example, where the adhesive 1s a thermal adhesive, the
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adhesive later has a thickness of from about 0.1 mm to 1
mm, from about 0.2 mm to 0.8 mm, and 1n a particular
example has a thickness of approximately 0.3 mm.

[0024] The LEDs 12 are positioned onto the wafer 1 a
particular predetermined manner/pattern, 1.e., they are
spaced apart from one another a predetermined distance, so
as to facilitate forming lenses over the number of LEDs
during a single downstream manufacturing step as better
described below. Thus, the LED construction 10 as 1illus-
trated in FIG. 1, and as disclosed herein according to the
principles of this concept, 1s one that 1s intentionally devel-
oped for the purpose of facilitating downstream processing
of the LEDs 12 at a wafer level so as to expedite and render
more eflicient the manufacturing process ol making LED
constructions comprising the same. In an example embodi-
ment, the LEDs are spaced apart from one another a distance
that 1s from about 0.2 mm to 2 mm, 0.3 mm to 1 mm, and
in and 1n a particular example 1s approximately 0.5 mm. In
a particular embodiment, the LEDs 12 are arranged on the
waler 14 1n the form of an array of 2x2, 2x4, 4x4, or more
LEDs having the desired spaced apart distance from one
another. In some embodiments, the LEDs are disposed on an
8 1inch round wafer at a predetermined spacing and substan-
tially covering the entire 8 inch round wafer.

[0025] A feature of such water level processing provided
by the constructions and methods of the concept as disclosed
herein 1s the ability to use LEDs having specific perfor-
mance characteristics to form the wafer and ultimate LED
constructions resulting from downstream wafer level pro-
cessing. In an example, 1t 1s desired that the LEDs selected
for such wafer level processing be ones having a similar/
controlled wavelength of light output, to thereby provide
LED constructions having the same controlled light output
or controlled white point. Accordingly, 1 an example
embodiment, 1t 1s desired that LEDs useful in making LED
constructions as disclosed herein have a tight or narrowly-
controlled white point. In an example, the white point of
LEDs used herein may be within about a 3 step MacAdam
Ellipse or a 2 step MacAdam Ellipse, and 1in a particular
embodiment have a white point of about 3,000K within a 2
step MacAdam FEllipse.

[0026] LEDs 12 as used herein may include a layer of
conformal wavelength conversion material 18 disposed
thereover, which may be 1n the form of a conformal phos-
phor layer or the like. In an example, the wavelength
conversion material 18 may be disposed over the light
emitting surfaces, e.g., the top and/or side surfaces, of the
LEDs betfore the LEDs are attached to the wafer. Alterna-
tively, the layer of wavelength conversion material 18 may
be disposed over the LEDs after the LEDs have been
adhered to the wafer. In an example embodiment, the LEDs
tlip chip LEDs and 1nclude conformal phosphor 18 disposed
over the top and side surfaces of the LEDs 12 after being
attached with the water 14.

[0027] FIG. 2 illustrates an example of the LED construc-
tion 10 as illustrated 1n FIG. 1 and as disclosed above during
a subsequent waler level processing step. Specifically, the
LED construction has been further processed to include a
lens member 20 disposed over the LEDs 12. In an example,
the lens member 20 1s configured comprising a number of
different lenses or lens elements 22 that are each integral
with and interconnected with one another via webs or
channels 24 to thereby form a umitary lens member con-
struction. In an example, where the LEDs 12 are provided 1n
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the form of an array attached to the water 14, the lens
member 20 comprises an array of lens elements 22 each
disposed over the respective LEDs. The lens elements 22 are
disposed over and encapsulate respective LEDs so as to
cover the top surface and side surfaces of the respective
LED, wherein any layer of wavelength conversion material
18 15 1interposed therebetween.

[0028] In an example, the lens elements 22 each include a
dome-shaped or hemispherical portion 26 that 1s disposed
along a top surface of the respective LEDs. The lens
clements 22 also include a portion that extends downwardly
from the hemispherical portion along a sidewall portion that
at least partially covers an underside or bottom surface 28 of
the LED, which bottom surface 28 1s positioned adjacent the
waler and includes the electrical contacts of the LED. In an
example, lens element sidewall portion i1s rectangular in
shape and surrounds the respective LED 12.

[0029] The lens member 20 1s formed from an optically
transparent material and may be selected from those poly-
meric materials capable of being formed by molding process
such as by compression molding. In an example, it 15 also
desired that the maternial for forming the lens member have
a suflicient degree of rigidity because, as described 1n more
detail below, the lens member 1s used and relied upon once
the waler 1s removed for keeping the encapsulated LEDs
together 1n the form of a suthciently rigid structure for
further downstream water level processing of the LED
construction. In an example embodiment, 1t 1s desired that
the lens member be formed from an optically transparent
material having a Shore D hardness of about 30 or more. In
an example, the lens member 1s selected from the group of
silicone polymers, and 1n a particular embodiment 1s phenyl
s1licone that 1s cured at a temperature of approximately 180°

C.

[0030] It isto be understood that the size and configuration
of the lens member 20 and individual lenses or lens elements
22 may vary depending on such factors as the type of LEDs
used, the material selected to form the lens member, and/or
the particular end-use LED construction lighting applica-
tion. In an example, the lens elements 22 hemispherical
portion 24 have a radius of curvature of from about 0.3 mm
to 1 mm, 0.5 to 0.8 mm, and 1n a particular embodiment
approximately 0.5 mm. The lens member web 24 may have
a height as measured from a surface of the wafer of from
about 30 to 200 microns, 50 to 100 microns, and 1n a
particular embodiment approximately 50 microns.

[0031] As mentioned above, in an example the lens mem-
ber 1s formed during compression molding process, during
which process the LEDs are placed into a volume of the lens
material disposed within a respective mold for forming a
respective lens element. During this compression molding
process an edge of the lens mold 1s placed 1nto contact with
the surface of the adhesive layer 16 and held at an elevated
pressure for a length of time useful for the lens material to
cure and harden. In an example, prior to attaching the LEDs
to the water the electrical contacts of the LEDs may be
protected or covered with a material such as a tape or the
like. Covering the LED electrical contacts 1n this manner
betore adhering the LEDs to the wafer may be desired
during downstream processing, €.g., such as when the lens
member 1s being formed, to protect the electrical contacts
along the bottom surface of the LEDs from being in direct
contact with and attached to the lens material.
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[0032] FIGS. 3 and 4 1llustrate an example LED construc-
tion 30, as illustrated i FIG. 2, at a further stage of
waler-level processing. After forming the lens member 20,
the LED construction comprising the watfer i1s further pro-
cessed to remove the water and adhesive material from the
rigid structure/LED construction that now exists and that
comprises the LEDs 12 encapsulated 1n the lens member 20.
The water 14 1s removed {from the remaining rigid structure
by subjecting the adhesive material to conditions causing it
to reduce or lose 1ts adhesive properties. In an example,
where a thermal adhesive 1s used to form the adhesive layer,
the adhesive layer 1s heated to a temperature suflicient to
permit removal of the waler without harming or damaging
the remaining LED construction 30. In an example, the
adhesive layer 1s heated to about 180° C. and the ngid
construction 30 comprising the LEDs encapsulated in the
lens member 20 1s removed from the wafer. Once the wafer
1s removed, the bottom surface 32 of the remaining LED
construction 30 may be cleaned and/or otherwise prepared
for further processing. In an example where the LED elec-
trical contacts 34 and 36 are covered by tape or other
material, such tape or other material 1s removed for purposes
ol gaining access to the electrical contacts 34 and 36, ¢.g.,
N and P electrical contacts.

[0033] Electrical terminals 38 and 40 are formed on the
bottom or underside surface 32 of the LED construction 30
during wafer level processing. In an example, the electrical
terminals are fanned out and sized having surface area that
1s greater than the N and P electrical contacts 34 and 36 of
the respective LEDs (as best 1llustrated 1n FIG. 4) so as to
facilitate a desired attachment and electrical connection with
other LEDs (e.g., when combined to form an LED assembly)
and/or an electrical contact substrate 1n a particular end-use
application. In an example, one of the electrical terminals 38
and 40 may be sized larger than the remaining electrical
terminal, e.g., 1n an example embodiment the electrical
terminal 40 that 1s attached to the P contact 36 of an LED
may be sized larger than that of the electrical terminal 38 that
1s attached to the N contact 34. In an example, the electrical
terminals 38 and 40 are sized having an area that 1s about 50
to 500%, 100 to 300% larger than the LED -electrical
contacts 34 and 36. In one example, the electrical terminals
38 and 40 are sized having an area that 1s 300% larger than
the LED electrical contacts 34 and 36.

[0034] The electrical terminal 38 and 40 are formed by
depositing a desired layer thickness of a metallic material
onto the underside surface 32 of the LEDs 12 1n the LED
construction so as to cover and make electrical contact with
cach of the respective LED N and P electrical contacts 34
and 36. In an example, the metallic material used to form the
clectrical terminals 38 and 40 1s applied to the underside
surface 32 of the LED construction 30 in a manner covering
cach of the respective LED N and P electrical contacts 34
and 36, and also covering the lens material 42 that is
adjacent the N and P electrical contacts 34 and 36 and that
1s covering the underside surface of the LED construction 30
(as best 1llustrated 1n FI1G. 4). The electrical terminals 38 and
40 may have a thickness of from about 30 to 500 microns,
100 to 200 microns, and 1n a particular embodiment approxi-
mately 100 microns. Metallic materials useful for forming
the electrical terminals 38 and 40 include copper, solder,
indium containing materials, gold containing materials, and
combinations thereof. In an example, the electrical terminals
COmprise copper.
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[0035] The process of depositing the metallic material to
form the electrical terminals 38 and 40 may be conducted
using different techniques. For example, the metallic mate-
rial can be provided by a jetting or printing process whereby
a composition comprising the desired metallic material and
a binder 1s loaded 1nto a machine that 1s designed to deposit
a discrete/precise amount of the material 1n desired configu-
ration onto the respective P and N electrical contacts in
pattern form to thereby form the desired electrical terminals
without the need for a stencil or removal of excess deposited
material. This technique of printing 1s one that 1s very
precise and that 1s similar to dot matrix printing for the
purpose of precisely forming the electrical terminals 38 and
40. Once the metallic material 1s disposed using such
method, the deposited maternial 1s subjected to an elevated
temperature for the purpose of evaporating or flashing off the
binder component, thereby leaving the metallic constituent
that forms the desired electrical terminals. An advantage of
using this process 1s that the electrical terminals on the LED
construction can be formed on the fly without having to
perform a subsequent clean-up process, €.g., removing any
excess deposited metallic matenal, before further process-
ng.

[0036] In an example, binder materials usetul for applying
the electrical terminal according to such printing technique
may include materials known in the art of metal printing.
Polymeric materials that operate to facilitate the desired
control of the printing process and that can be removed by
thermal process at a temperature that will not damage the
remaining LED construction 30 can also be used. In an
example, the metallic material 1s copper, and the binder used
in the printing process can be removed by heating to a
temperature of about 150° C.

[0037] Another techmique that may be used to deposit the
metallic material for forming the electrical terminals 38 and
40 1s one that makes use of a stencil, screen, mask or the like
for the purpose of providing the desired configuration of the
clectrical terminals 38 and 40. Unlike the precise printing
process described above, the technique of depositing the
metallic material using a stencil 1s one that 1s less precise in
that 1t relies on the stencil to provide the desired electrical
terminal configuration and excess metallic material 1s dis-
posed on the stencil and 1s removed with the stencil during
a subsequent process. The metallic and binder materials
useful for forming the electrical terminals using such a
stencil process may be the same as those noted above,
wherein the binder 1s formed from a material, e.g., an epoxy,
that may be removed at a temperature of about 150° C. 1n a
particular embodiment. Once the metallic material 1s depos-
ited onto the stenciled underside surface of the LED con-
struction, the stencil 1s removed to remove the excess
applied metallic material, and the deposited metallic mate-
rial 1s subjected to thermal treatment to remove the binder
material.

[0038] Another techmique that may be used to deposit the
metallic material for forming the electrical terminals 38 and
40 1s one that may be referred to as a sintering technique. In
an example, the sintering technique make use of a metallic
composition comprising a binder that 1s applied using a
stencil or the like, as described above, for the purpose of
providing the desired configuration of the electrical termi-
nals onto the underside surface of the LED construction.
Once deposited, and the stencil 1s removed, the deposited
metallic composition 1s subjected to an elevated temperature
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of greater than about 130° C., e.g., about 250° C., for the
purpose ol quickly removing the binder. In an example, the
deposited metallic composition 1s subjected to such elevated
temperature for a short period of time by IR process or the
like. An advantage of such sintering technique 1s that 1t
results 1n a greater degree of binder material removal, by
virtue of the higher temperature treatment, to thereby pro-
vide a resulting electrical terminals having a higher metal
content, ¢.g., essentially just comprising the metallic con-
stituent, and having a resulting higher level of electrical
conductivity.

[0039] Prior to depositing the metallic maternial, 1t may be
usetul to treat the underside surface of the LED construction
for the purpose of promoting adhesion of the metallic
material use to form the electrical terminals with the lens
material. Such treatment may be 1n the nature of a chemical
treatment, thermal treatment, and or a mechanical treatment.
For example, an adhesion promoter may be used to promote
adhesion, by forming a seed layer or the like, between the
silicone lens material and the metallic material.

[0040] FIG. 5 1illustrates LED constructions 50 as dis-
closed herein during a subsequent step of waler level
processing. Namely, after the electrical terminals are formed
to connect with respective LED N and P electrical contacts,
the LED construction 1s further processed to isolate or
separate the individual LEDs in the construction. In an
example embodiment, the LEDs are diced by conventional
technique to form individual LED constructions 30 that each
comprise an LED 32 encapsulated by the lens element 54
and comprising the electrical terminals 56 and 58 having a
fanned out/expanded surface area (when compared to the
respective LED P and N electrical contacts) that are in
contact with both the LED P and N electrical contacts 60 and
62 and the lens material disposed along an underside surface
64 of ecach respective the LED 52.

[0041] A feature of LED constructions and methods for
forming the same as disclosed herein 1s that they are
specifically formed and developed to facilitate downstream
manufacturing of multiple LEDs at a wafer level, e.g.,
whereby the lens member/lens elements, the expanded elec-
trical terminals, and the individual LED constructions are all
processed at a waler level, rather than at a chip level, to
thereby improve manufacturing efliciency and reduce manu-
facturing cost. A further feature of LED constructions as
disclosed herein 1s the ability to provide a water level LED
construction for manufacturing processing comprising
LEDs having a controlled white point, such that all of the
LEDs included 1n the construction has a tight white point of
within 2 step MacAdam Ellipse, and forming completed
(with lenses and fanned out electrical contacts) individual
LED constructions therefrom that retain such tight white
point control.

[0042] Although certain specific embodiments of LED
constructions and methods for making the same have been
described and 1llustrated for purposes or reference, it 1s to be
understood that the disclosure and illustrations as provided
herein not limited to the specific embodiments. Accordingly,
vartous modifications, adaptations, and combinations of
various lfeatures of the described embodiments can be prac-
ticed without departing from the scope what has been
disposed herein including the appended claims.

1. A light emitting assembly comprising:
a light emitting diode comprising a pair of electrical
contacts positioned along a bottom surface;
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a lens disposed over the light emitting diode, wherein the
lens 1s formed from an optically transparent material
that encapsulates top and side surfaces of the light
emitting diode; and

a pair of electrical terminals each connected with a
respective light emitting diode electrical contact, the
pair of electrical terminals being greater in size than the
respective electrical contacts and also being 1n contact
with the optically transparent material disposed along
the bottom surface of the light emitting diode.

2. The light emitting assembly as recited i claim 1
comprising contformal phosphor interposed between the
light emitting diode and the lens.

3. The light emitting assembly as recited in claim 1
wherein the optically transparent material 1s phenyl silicone.

4. The light emitting assembly as recited in claim 1
comprising two or more of the light emitting diodes each
comprising the lens and the electrical terminals, wherein the
lenses of the two or more light emitting diodes are connected
with one another to form a rngid assembly connecting
together the two or more light emitting diodes.

5. The light emitting assembly as recited in claim 4
wherein the lenses of the two or more light emitting diodes
are connected with one another through a channel that i1s
integral with the adjacent lenses and that has a reduced
dimension as compared to the lenses as measured from the
bottom surface of the two or more light emitting diodes.

6. The light emitting assembly as recited 1n claim 1
wherein the light emitting diode electrical contacts are
positioned along the bottom surface a distance mmwardly and
away from opposed side edges of the light emitting diode.

7. The light emitting assembly as recited in claim 1
wherein the electrical terminals contact only respective
clectrical contacts and the optically transparent material.

8. The light emitting assembly as recited in claim 1
wherein the lens comprises:

a bottom portion that extends outwardly along the bottom
surface of the light emitting diode from the electrical
contacts to a side edge of the light emitting diode;

a sidewall portion that extends up from the side edge of
the light emitting diode; and

a hemispherical portion that extends from the sidewall
portions to cover the light emitting diode, and wherein
the bottom portion, the sidewall portion, and the hemi-
spherical portion are a contiguous one-piece construc-
tion.

9. The light emitting assembly as recited in claim 8
wherein the sidewall portion of the lens 1s rectangular in
shape and surrounds the light emitting diode.

10. The light emitting assembly as recited mn claim 1
wherein the pair of electrical terminals 1s printed copper and
cach electrical terminal has a surface area that 1s larger than
the respective electrical contact that 1t 1s connected with.

11. A method of making a light assembly comprising:

disposing two or more light emitting diodes each com-
prising a pair of electrical contacts along common
bottom surfaces of the respective light emitting diodes
on a common wafer;

forming a light conversion material over the two or more
light emitting diodes;

forming an optically transparent material over the light
conversion material;
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forming a rigid structure comprising the optically trans-
parent material, the light conversion material, and the
two or more light emitting diodes;

removing the common wafer from the rigid structure and
exposing the electrical contacts on the two or more
light emitting diodes; and

forming electrical terminals on the two or more light
emitting diodes, wherein each electrical terminal 1s
connected with a respective electrical contact and 1s
s1ized larger than a respective electrical contact and also
contacts a portion of the optically transparent material

disposed along the bottom surfaces of the light emitting
diodes.

12. The method as recited 1in claim 11 wherein during the
step of forming the optically transparent matenal, the opti-
cally transparent material 1s disposed along side and bottom
surfaces of the light emitting diodes and extend to the
electrical contacts.

13. The method as recited 1n claim 11 wherein during the
step of forming the electrical terminals, the optically trans-
parent maternal 1s interposed directly between a portion of
the light emitting diode and the electrical terminals.

14. The method as recited 1n claim 11 wherein during the
step of forming a rigid structure, lenses are formed over the
light emitting diodes and the lenses integrally connected
together by a section extending between adjacent lenses and
formed from the optically transparent material, wherein the
section extending between adjacent lenses has a reduced
dimension as measured from the bottom surface of the light
emitting diodes when compared to the lenses.

15.-20. (canceled)
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21. A light emitting assembly comprising;

two or more light emitting diodes each comprising a pair
of electrical contacts positioned along a bottom surface
of the respective light emitting diodes;

an optically transparent lens disposed over top and side

surfaces of each light emitting diode, wherein the
lenses of adjacent light emitting diodes are connected
together by an integral section having a reduced dimen-
sion as compared to the lenses measured from the
bottom surface of the light emitting diode; and

a pair of electrical terminals each connected with respec-

tive light emitting diode electrical contacts, wherein a
portion of the optically transparent lens 1s 1nterposed
between the bottom surface of the two or more light
emitting diodes and the respective connected electrical
terminals.

22. The light emitting assembly as recited in claim 21
wherein electrical contacts of each light emitting diode
extends inwardly from side edges of the light emitting diode
such that the optically transparent lens covers a bottom
portion of the light emitting diode extending from the side
edges mwardly to the electrical contacts.

23. The light emitting assembly as recited in claim 21
wherein the electrical terminals are 1n contact with only the
respective light emitting diode contacts and the optically
transparent lens.

24. The light emitting assembly as recited 1n claim 21
wherein the two or more light emitting diodes are separated
from one another, each comprising a respective optically
transparent lens and pair of electrical terminals.

25. The light emitting assembly as recited in claim 21
further comprising a conformal phosphor interposed
between each light emitting diode and the lens.
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