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UNIFORM EMISSION LED PACKAGE

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to semiconductor light emitting
diodes (LEDs) and more particﬁlarly to LED packages and LED
packaging methods.

Description of the Related Art

Light emitting diodes (LEDs) are solid state devices
that convert électric energy to 1light, 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
omnidirectionally £from the active layer and from all
surfaces of the LED. The useful light 'is generally emitted
in the direction of ﬁhe LED’s top surface, which is usually
p-type. '

Conventional LEDs cannot generate white light from
their active layers. One way to produce white light from
conventional LEDs is to combine different colors from
different LEDs. "For example, the liéht from red, green and
blue LEDs, or blue and yellow LEDs can be combined to
produce white light. In addition, different colors of light
are often generated from different types of LEDs which can
require complex fabrication to combine in one device. The
resulting devices can also require complicated control

electronics since the different diode types can require.
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different control ~voltages. Long term wavelength and
stébility of these devices 1is also degraded by the
different aging behavior of the different LEDs.

More recently, the light from a single blue emitting
LED has been converted to white Iight by surrounding the
LED with a yellow phosphor, polymer or dye. [See Nichia
Corp. white LED, Part No. NSPW300BS, NSPW312BS, etc., which
comprise blue LEDs surrounded by a yellow phosphor powder.;
seé also U.S. Patent No. 5959316 to” Hayden,: entitled

. Multiple Encapsulation of Phosphor-LED Devicesa.] The
surrounding material “downcopverts" the wavelength of some
of the LED light, changing its color. For example, if a
nitride based blue emitting LED is surrounded by a yellow
phosphox, some of the blue light will pass through the
phosphor without being changed while the remaining light
will be downconverted to yellow. The LED will emit both
blue and yellow light, which combine to' produce white
light. Other examples of LEDs using this approach include
U.S. Patent No. 5,813,753 to Vriens et al., and U.S. Patent
No. 5,959,316 to Lowery.

A common typé of LED packaging is known as a “glob-in-
a-cup” method, where an LED resides at the bottom of a cup-
like recession. A phosphor containing matrix material (e.g.
phosphor powder distributed in an encapsulant such as
silicone or epoxy) is injected into and £ills the cup,
surrounding and encapsulating the LED. The matrix material
is then cured to harden the encapsulant around the LED.
This packaging, however, can result in an LED package
having significant wvariation of the color and hue of
emitted light at different viewing angles with respect to
the' package. This color wvariation can be. particularly
pronounced in packages where the phosphor containing matrix

material extends above the *rim” of the cup in which the
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LED resides, resgsulting in a predominance of converted light
emitted sideways into high viewing angles (e.g. at 90
degrees from the optic axis). This problem can be made
worse by the limited amount of unconverted LED emitting at
‘high viewing angles. The unconverted LED light is typically
reflected away from at high viewing angles by the side
walls of the cup so that little corresponding unconverted
light emits at these angles. '
Another method for packaging LEDs comprises direct
coupling of phosphor particles onto the surfaces of the
LED. This “white chip” method can result in significant
improvement of the color uniformity as a function of
viewing angle with one reason for this improvement being
the source of the converted light and unconverted light
being at close to the same point in space. For example, a‘
blue emitting LED covered by a yellow converxting material
can provide a substantially uniform white 1light source
because the converting material and LED are at close to the
same point in space. This method, however, typically
requires complex and expensive processing, such as

electrophoretic deposition, to achieve uniform phogsphor
coating directly on an LED.

SUMMARY OF THE INVENTION

Briefly, and in general terms, this invention relates
to solid state emitter packages and methods from
manufacturing the emitter packages. One embodiment. of an
emitter package according to the present invention
comprises a submount, with a solid state emitter mounted to
a surface of the submount. The submount comprises a first
meniscus forming feature around said LED. An encapsulant
matrix is included on the surface of the submount, and

covering said solid state emittexr. The encapsulant matrix
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formg a dome-shape over the emitter, with the size and
shape of the encapsulant matrix influenced by the width and
shape of the meniscus forming feature.

Another embodiment of an emitter package according to
the present invention comﬁrises a solid state emitter
moﬁntea to the surface of a body with the surface having a
first meniscus forming feature around the emitter. An
encapsulant is included on the surface and covering the
solid state emitter. The outer edge of the encapsulant
adjacent the surface is defined by the %eniscus forming
feature. The encapsulant forms a substantially dome-shaped
covering over said emitter.

One embodiment of a method for manufacturing an LED
package according to the present invention comprises
providing a body with a surface having a first meniscus
holding feature. A so0lid state emitter is mounted to the
surface with the meniscus holding feature around the
emitter. A liquid encapsulant matrix is introduced over the
LED and the surface, the first meniscus holding feature
holding the liquid encapsulant matrix in a dome-shape over
the emitter. The matrix encapsulant is then cured.

These and other further features and advantages of the
invention will be apparent té those skilled in the art from
the following detailed description, taken together with the
accompanying drawings, in which: '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a ciréular cylindrical
submount and LED used in one embodiment of an LED package
according to the present invention;

FIG. 2 is a top view of the submount and LED shown in
FIG. 1;

FIG. 3 i3 a sectional view of one of the submount and
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LED in FIGs. 1 and 2 taken along section lines 3-3 in FIG.
2; )

FIG. 4 is a perspective view of one embodiment of an-
LED package accdording to the present invention having the
submount and LED in FIGs. 1-3 with a matrix encapsulant;

FIG. 5 is sectional view of the LED package shown in
FIG. 4, taken along section lineé 5-5}

FIG. 6 is a sectional view of another embodiment of an
LED package according to the present invention having
intermediate encapsulant;

FIG. 7 is a sectional view of another embodiment of an
LED package according to the present invention having a
submount mounted to a printed circuit board and having a
secondary encapsulant;

FIG. 8 is a sectional view of the LED package in FIG.
7, and an intermediate layer encapsulant; '

FIG. 9 is a perspective view of a square submount and
LED that can be used in another embodiment of an LED
package according to the present invention;

FIG. 10 is perspective view of the submount and LED
shown in FIG. 9, with a matrix encapsulant;

FIG. 11 is a graph illustrating the CCT performance of
éne embodiment of an LED package according to the present
invention; ’

FIG. 12 is a perspective view of another submount and
LED combination that can be used in LED packages according
to the present invention;

FIG. 13 is a top view of another submount that can be
used in LED packages according to the present invention;

FIG. 14 is a top view of still another submount that
can be used in LED packages according to the present
invention;

FIG. 15 is a perspective view of another submount
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according to the present invention having different shaped
upper and lower sections;

FIG. 16 ig a sectional view of a submount showing some
alternative meniscus holding features that can be used in
LED packages according to the present invention;

FIG. 17 is a perspective view of another embodiment of
an LED and matrix material combination according to the
present invention;

FIG. 18 is a sectional wview of the LED and matrix.
material combination in FIG. 17; and

FIG. 19 is one embodiment of a method for fabricating

an LED package according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention .provides LED packages ahd
methods for fabricating LED packages utilizing a simple,
inexpensive dispense process to create a compact, free
standing, hemispherical phoéphor converter layer
surrounding the LED. The phosphor particles in this layer
reside close to the chip such that both converted and
unconverted light are produced near the same “point in
space.” This allows the LED package to produce
substantially the same ratio of.converted and LED light at
different viewing angles, thereby producing substantially
uniform light' at different viewing angles. -

The present invention dis described herein with
reference to certain embodiments but it is understood that
the invention can be embodied in many different forms and
should not be construed as limited to the embodimentg set
forth herein. It is also understood that when an element
guch as a layer, region or substrate is referred to as

being “on” another element, it can be directly on the other
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element or intervening elements may also be present.
Furthermore, relative terms such as “upper”, “above”,
“lower”, “beneath”, “below” and “overlies”, and similar
terms, may be used herein to describe a relationship of one
layer or another region. It is understood that these terms
are intended to encompass different orientations of the
device in addition to the orientation depicted in the
figures. -
Although the terms first, second, etc. may be used
herein to describe Garious elements, components, regions,
lavers and/or sections, these elements, components,
regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
region, layer or section. Thus, a first element, component,
region, layer or section discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings of the present invention.
Embodiments of the invention are describéd herein with
reference to cross-sectional, perspective, and/oxr plan view
illustrations that are schematic illustrations of idealized
embodiments of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances are expected.
Embodiments of the invention should not be construed as
limited to the particular shapes of the regions illustrated
herein but are to include deviations in shapes that result,
for example, from manufacturing. A regioﬁ illustrated or
described as square or rectangular will typically have
rounded or curved features due to normal manufactufing
tolerances. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not -intended

to illustrate the precise shape of a .region of a device and
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are not intended to limit the scope of the invention.
The packages and methods according to the preseht
invention provide solid state lighting devices, such as an
- LED, with a conversion material, such as phosphors or
polymers. The conversion material is. provided in an
encapsulant matrix, which as used herein generally refers
to the curable liquid encapsulant material mixed with light
conversion particles, and any other materialas such as
scattering particles. At least some of the light from the
LED is down converted by the conversion material with the
package emitting a combination of the LED and converted
1i§ht. The LED is at least partially surrounded by the
" encapsulant matrix, and the LED package and packaging
method rely on the meniscus forming features provided by a
physical geometry that results in a meniscus formed by the
surface tension of the encapsulant matrix. This geometry is
defined by the physical features such as edges, - corners,
ledges, trenches, rings, and any other éhysical or chemical
transition that creates a meniscus when a liquid surface
comes in contact with it. In one embodiment, a square (or
circular, or polygon) is situated under the LED in
gsymmetrical fashion with the LED in the center of the
submount, although the LED can be located other than in the
submount center. An encapsulant matrix is introduced over
the LED and is preferably formed in a hemi-sphere {(or dome)
shape with the edge of the submount defining the size and
location of the meniscus formed. .
FIGs. 1-3 show one embodiment of a solid state emitter
péckage 10, comprising a submount 12 and a semiconductor
light emitting device 14 mounted to the submount 12
Various embodiments of the present invention are described
herein and the term semiconductor light emitting device can

include a light emitting diode (LED), laser diode and/or
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other semiconductor device that includes one or more
semiconductoxr layers. The layers can be made of different
material systems including but not limited to silicon or
silicon carbide, with a preferred material system being
Group-III nitride system. Group III nitrides refer to those
semiconductor compounds £formed between nitrogen and the
elements in the Group III of the periodic table, usually
aluminum (Al), gallium (Ga), and indium (In). The term also
refers to ternary and tertiary compounds such as AlGaN and
AlInGaN. '

The layers can be formed on a substrate that can
comprise sapphire, silicon, gilicon carbide and/or other
microelectronic substrates. A suitable silicon carbide
substrate is a 4H polytype of silicon carbide, although
other silicon carbide polytypes can also be used including
3C, 6H and 15R polytypes. Silicon carbide can have a closer
crystal lattice match to Group III nitrides than other
substrate materials and can result in Group III nitride
films of higher gquality. Silicon carxbide also has a very
high thermal conductivity to enhance thermal dissgsipation of
the emitting device. SiC substrates are available from Cree
Inc., of Durham, North Carolina and methods for producing.
them are set forth in the scientific literature as well as
in a U.8. Patents, Nosf Re. 34,861; 4,946,547; and
5,200, 022 .

The emitting devices can also be formed without a
substrate or the substrate can be removed after formation
of the emitter layers. In both cases, the emitting device
14 can be mounted in the package 10 without a substrate.
The devices can also comprise one or more contact layers
which may include wmetal or other conductive layers. For the
package 10 gnd the other package embodiments described

herein, the emitting device 14 will be referred to as an
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LED and LEDs used in the packages can emit light in many
different wavelength spectrums, including but not limited
to ultra violet (UV), blue, green, amber or red.

The design and fabrication of semiconductor LEDs is
known to those having skill in the art and is not described
in detail herein. Generally, the LED layers can be formed
on a substrate using known semiconductor growth techniques
such as Metal Organic Chemicél Vapor Deposition (MOCVD),
Hydride Vapor Phase Epitaxy (HVPE), or Molecular Beam
Epitaxy (MBE).

In package 10, the submount 12 has a generally
cylindrical shape and comprises a lower cylindrical portion
16 and an upper cylindrical portion 18 having a smaller
width or diameter than the lower portion 16. The upper
portion 18 can be arranged in different locations on the
lower portion 16, but is preferable in the center of the
top surface of the lower portion 16 so that both are
aligned along their longitudinal axis. The submount 12 can
be made of many different materials, but is preferably made
of a heat conductive material such as a metal. It can be
formed of a single construction or éan be formed of
different portions mounted. together. In one emquiment, the
submount 12 is a single construction made of nickel plated
copper and is fabricated by machine turning oxr coin
stamping:

The LED 14 is mounted to the'upper portion 18 using
known mounting methods, and is preferably mounted at or
near the center of the top surface of the upper portion. As
described in more detail below, the submount 12 can be
mounted to a separate device, such as a printed circuit
board that applies a bias to the LED 14, causing it to emit
light. The bias can be applied through the submount 12,
wire bonds, or throuéh a combination of both.
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The upper portion edge 20 Qefines the size and
location of a first meniscus forming feature that is
arranged so that a meniscus forms by surface tension
between a liquid converter ‘encapsulant matrix and the edge
20. The term “meniscus” refers to the convex surface of
liquid which is formed by éurﬁace tension. The diameter or
width of the upper portion 18 around the LED 14 and the
viscosity of the encabsulant matrix allow the sprface
tension of the encapsulant matrix at the edge 20 to exceed
the force of gravity. Different upper portion diameters (or
widths) can be used, and the suitable diameter varies with
the viécosity of the encapsulant matrix. The lower the
viscosity of the encapsulant matrix, .smaller upper portion
diameters should be used. While the term viscosity is used
herein to describe the formation of the meniscus it is
understood that othexr properties are important to formation
of the encapsulant matrix over the LED. Viscosity and other
rheological properties can impact encapsulant matrix
formation. Viscosity can effect how a meniscus forﬁs
initially, but typical viscous f£luids (like syrup) flow
slowly ‘but will eventually reach ‘an equilibrium shape
similar to non-viscous fluids, given enough time. Other
thixotropic matérials (having properties similar to shaving
cream) will not flow or will flow less over time, enabling
greater control over.meniscus shape. Accordingly, it may be
desirable to use thixotropic materials in certain
applications, particularly if there is some delay in
introduction of the encapsulant matrix and curing.

This meniscus formed at the edge 20 holds the
encapsulant matrix in an approximate dome-shape on the
upper portion 18, over the LED 14. For meniscus holding
features that define a circle around the LED 14, the matrix

encapsulant closely approximates a dome of the LED 14. As
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further described below, the meniscus holding features can
take different shapes around the LED (e.g. square, octagon,
.etc.) and this shape influences the overall shape of the
dome-shape over the LED. It is understood that the use of
the term “dome-shape” herein includes those domes formed by
a circular meniscus holding feature as well as features of
other shapes.

FIGs. 4 and 5 show the LED package 10 with a liquid
encapsulant matrix 22 introduced over the LED 14 and held
on the upper portion 18. The encapsulant matrix 22 can be
introduced using many known methods, including but not
limited to known syringe or needle injection systems.

The encapsulant matrix 22 preferably comprises a
curable liquid such as a silicone, epoxy, resin mixed with
a conversion material that preferably comprises conversion
particles. In one embodiment the curable liquid comprises
commercially available Nusil CFI-6755 Silicone Elastomer.
Many different types of conversion particles can be used
depending on the emitting wavelength of the LED 14 and the
desired wavelength of converted light. In one embodiment

~according to the present invention the LED 14 emits light
in the blue wavelength'spectrum and the conversion material
absorbs some of the blue light and re-emits yellow, such
that the package 10 emits a white light combination of blue
and yellow light. A full range of broad yellow spectral
emission is possible using conversion particles made of
phosphors based on the (Gd,Y);(Al,Ga)s0,,:Ce system. The
following lists other suitable phosphors used as’ conversion
particles in an LED package 10. Each exhibits excitation in
the blue and/or UV emission spectrum, provides a desirable
peak emission, has efficient light conversion, and has

acceptable Stokes shift:



WO 2007/126836 PCT/US2007/007600
13

YELLOW/GREEN

(Sr,Ca,Ba) (Al,Ga) .S, :Eu®
Ba, (Mg, Zn) Si,07:Eu®*
Gdo.465T0.31AL1.230xF1 .38 : Eu®’0 05
(Bay-x-ySTxCay) éi04 :Bu

Ba,Si0, : Eu®*

RED
Lu,0,: Eu?*
(Sra.xLax) (Cei-xBuy) Oy
Sr,Ce;_xEuxOs
S, xEusCely4

SYTiO;: Pr’t,ca’"

The conversion materials can have different concentrations
in the encapsulant matrix depending on the éonversion
efficiency of the material. The conversion particles can be
uniformly dispersed in the encapsulant matrix, or the
particles can settle around the LED so that the particles
are closer to the LED. The matrix encapsulant 22 can also
contain materials to help sgcatter the 1light, such as
scattering particles. Once the encapsulant matrix 22 is
irijected in place, it can be cured using known methods,
such as heat or UV curing, to harden the encapsulant matrix
22 in place over the LED 14.

FIG. 6 shows the LED package 10 having a dome shaped
intermediate encapsulant 24 over the encapsulant matrix 22.
The second edge 26 sgserves as a second meniscus forming
feature and the intermediate encapsulant is injected in
place over the cured encapsulant matrix 22. The
intermediate encapsulant has a desired viscosity so that
the surface tension between the intermediate encapsulant 24

and the second edge 26 forms a meniscus at the second edge
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26. This meniscus holds the intermediate encapsulant 24 in
a dome over the e@capsulant matrix 22. The intermediate
encapsulant 24 can be clear material or can contain one or
both of conversioh and scattering particles. The conversion
particles can be the same or different from those in the
encapsulant matrix. The intermediate encapsulant 24 can
also have the same or different index of refraction as that
in the encapsulant matrix 22, and can be cured in place
using known curing methods. The intermediate encapsulant 24
can serve as the final encapsulant for the LED packaée 10.’
It is understood, that the package 10 can have more
encapsulant layers some of which can form a meniscus with
additional submount edges. The encapsulant layers can also
have different slhapes and can have different conversgion and
scattering particles. Other combinations of phosphor and
encapsulant can also be used to form the phosphor shell.
FIG. 7 shows another embodiment of an LED package 30
according to the pregent invention, and for ° features
similar to those in LED 10 described above and shown in
FIGs. 1-5, the same reference numerals will be used with
the gnderstanding that the description above applies to the
same features in this embodiment. The LED package 30
comprises a generally cylindrical shaped subﬁount 12 having
aligned upper and lower portions 18, 16 with the upper
portion having a smaller diameter than the lower portion
16. An LED 14 is mounted to the upper portion with the LED
contacted either through the submount 12, through leads, or
both. An encapsulant matrix 22 is included on the upper
portion 18 and forms a dome over the LED 14 by éhe meniscus
formed by the surface tension between the encapsulant
matrix 22 and the upper portion edge-20. The encapsulant
matrix 22 is introduced as a liquid and then cured and

hardened in place over the LED 14.
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The package 30 further comprises a printed circuit
board (PCB) 32, with the submount 12 mounted to PCB 32
using known methods. The PCB 32 preferably comprises
conductive traces 34 that contact the submount 12 such that
an electrical signal applied to the traces 34 conduct to
the submount. Leads (not shown) from the traces 34 can also
be included from the traces to the LED 14 to provide an
electrical signal to the LED 14. A secondary encapsulant 36
(e.g. silicone, epoxy, resins, etc.)}) having the same or
different index of refraction than the matrix encapsulant
22 can be included to cover the encapsulant matrix 22 and
the submount 12, and if desired, to cover the surface of
the PCB 32 around the submount 12.

Selection of the material wused for the secondary
encapsulant 36 (and the intermediate encapsulant described
above) can enhance the emigsion efficiency of the package
30. Specifically, factors for improving the overall package
emigssion efficiency include the relafive index of
refraction of the second encapsulant material and the
matrix encapsulant, and the transparency of the sgecond
encapsulant as a function of wavelengthi A second
encapsulant material with high transparency over the
relevant emitter converter material transmission
wavelengths, and a higher index of refraction than the
matrix encapsulant can improve the emission of the package
30. In one embodiment of a package 30 according to the
present invention, white light can be produced using a blue
LED and a matrix encapsulant having a yvellow conversion
material, with the package exhibiting substantially uniform
correlated color temperature (CCT) at various viewing
angles. The brightness of light emitted from the package
can also be enhanced with the sélection of tﬂé secondary

encapsulant having the appropriate transparence and index
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of refraction. Compared to the “glob-in-cup” approach, the
close proximity of the sources of converted and LED light
also facilitates the uniformity of light emitted. Having
the two light sources close together allows both to reside
at or near the optical focal point of the optical elementsa.
This provides improved color uniformity by directing or
focusing both converted and unconverted light equally,
‘resulting in the projection of a uniform color profile.

FIG. 8 shows the LED package 30 shown in FIG. 7 with
an intérmediate encapsulant 38 formed over the encapsulant
matrix 22 and with the surface tension of the intermediate
encapsulant forming a meniscus to hold the intermediate
encapsulant 38 in a dome over the encapsulant matrix 22.
The intermediate encapsulant 38 can also include conversion
thaterials and scattering particles, and the transparency
and index of refraction of the intermediate encapsulant can
be chosen to optimize the emission of the package 30.

The efficiency of light emitted from the package can
also be improved by changing the shape first and second
meniscus forming features. As described above, in packages
according to the present invention, the LED can be placed
on a round surface, such as a round bond pad, or round
reflector surface, or a round submount. The round surface
is often used to maximize ‘thermal spread within the
smallest area. LEDs, however, typically have a square or
rectangular shape, although it is understood that round
LEDs could also be used. For square shaped LEDs, the round
shape of the surface below the LED provides a meniscus
holding feature that typically resultg in a encapsulant
matrix having a substantially uniform dome shape. This may -
not provide the optimal shape over the square LED to
minimize CCT variation.

According to the present invention, the LED can
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instead be placed on a shape having meniscus holding
features influence the dome-shape of the encapsulant matrix
to a shape to more closely métch the chip neaxr field to
optimize CCT variation. FIG. 9 shows another embodiment of
a. submount/LED combination 40 having a -submount 42 to more
closely match the shape of the LED 44. The submount 42 has
a substantially square upper surface to match the square
LED 44 mounted to the upper surface. FIG. 10 shows ‘the LED
package 40 din FIG. 9 with an’ encapsulant matrix 46
introduced over the LED 44 (shown in phantom in FIG. 10)
and upper surface of the submount 42. The menigcus holding
feature of the package 40 is the submount'’s upper edge 48
such that the encapsulant marix 46 forms a square
influenced dome-shape over the LED 44, That, the
encapsulant matrix ‘46 extends in its dome-shape to reach
the corners of the submount upper edge 48, giving the
encapsulant matrix a square influenced dome-shape,
particularly adjacent - to the upﬁer edge 48. ., The
encapsulant matrix 46 can then be cured to harden it over
the LED 44. )

The square submount 42 ig preferably made of a metal
conductive or semiconductor material. Square submountsgs are
typically easier to manufacture compared to the cylindrical
submounts described above, and can be cut or diced from a
larger section of metal. The square submount 42 can also
have additional meniscus forming features and encapsulant
layers, and can also be mounted to a PCB as described
above.

FIG. 11 is a graph 50 showing the correlated color
temperature (CCT) of an LED package arranged similar to the
package 40 in FIGs. 9 and 10. The package can emit a white
light combination of a blue from the LED and yellow from

the conversion particles in the eéncapsulant matrix. The
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graph shows CCT as a function of viewing angle, and shows
substantially uniform CCT across the viewing angles.
Different submount shapes can be used to tailor the
matrix encapsulant to improve the CCT of the LED package.
FIG. 12 is a perspective view of another embodiment of a
submount/LED combination 60 according to the present
invention having a submount 62 that is generally square-
shaped to provide a generally square-shaped meniscus
forming feature at its edge. The submount 62, however, also
compriges notches 64 that can be different sizes and
different shapes, and can be arranged in different
locations on the submount ‘62, with the notches 64 asgs shown
are located at the corners of the submount 62. The notches
64 can run along the entire height of the submqunt 62 or
can be located only at the ﬁpper surface of the submount to
provide the shape of the meniscus holding feature. LED 66
can be mounted to the submounts -upper sufface, with the
edge meniscus forming feature around the LED 66. An
encapsulant matrix can then be introduced on the upper
surface covering the LED 66. The surface tension of the
matrix encapsulant at the submount’s upper edge forms a
meniscus that holds the encapsulant matrix.in a dome-shape
over the LED that is influenced by the shape of the
submount’s upper surface. For example, the notches 64 in
the submount will result in notch-type shape in the
encapsulant matrix, particularly near the notches 64.
FIGs. 13 and 14 show additional embodiments of
submounts 70, 80 . according to the present invention,
although it is understood that submounts can take many
different shapes beyond those shown and described herein.
The submount 70 in FIG. 13 is similar to the submount 62 in
FIG. 12, but instead of having rounded notches at the

corners, the corners 72 are cut off to give the upper
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surface of the submount a hexagon shape, that provides a
hexagon meniscus forming feature. The submount 80 in FIG.
14 is also 51m11ar to the submount 62 in FIG. 12, but has
notches 82 at the corner that are angled. The notches 82
can have many different angles, with a suitable angle as
shown being approximately 90 degrees. In both submounts 70,
80 an LED is mounted to the upper surface as described
above, and a matrix encapsulant is introduced on the upper
surface, covering the LED and the uppei surface. The
surface tension of the encapsulant matrix at the submount’s
upper edge forms a meniscus that holds the encapsulant
matrix in a dome-shape over the LED that is influenced by
the shape of the submount's upper surface.

The submounts described in FIGs. 12-14 can also be
formed with additional portions that provide additional
meniscus forming features and can form intermediate or
secondary encapsulants as described above. FIG. 15 shows
another embodiment of a submount 90 accoraing to the
Present invention having on upper portion 92 and a lower
portion 94. The upper poftion 92 has a shape similar to the
shape of the submount 62 shown in FIG. 12, and the lower
portion 94 has an Ooctagonal shape. A LED can be mounted on
the upper surface of the upper portion 92 with the upper
surface’s edge providing a meniecus forming feature around
the LED. In subsequent manufacturing steps an encepsulant
matrix can be introduced on the upper surface over the LED.
The encapsulant matrix forms a dome-shape over the LED that
is influenced by the shape of the upper surface. After the
encapsulant matrix is cured, an intermediate (or secondary)
encapsulant can be introduced over the encapsulant matrix,
with the surface tension of the intermediate encapsulant at
lower sectlon edge 94 forming a meniscus that holds the

matrix encapsulant in a dome-shape over the encapsulant
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matrix with the shape of the intermediate encapsulant
influenéed by the shape of the lower portion 94. It is
understood that different gombinations of upper and lowexr
portion shapes can be used according to the present
invention, and additional submount portions can be included
for additional encapsulant layers.

It is understood that the different shaped submounts
described above can made of a conductive material such as a
metal, and can be formed using known methods. It is also
understood that each of the submounts can be mounted to a
PCB as described above.

As described above, the meniscus holding features can
comprise edges, corners, ledges, trenches, rinés, and any
other physical transition. FIG. 16 shows a submount 100
with alternative physical transitions that can sexrve as
meniscus holding @eatures, with- each of the features
arranged around the submounts center 101 to provide a
menigcus forming feature around an LED mounted at the
center., The different features include a rounded ring 102, .
a trench 104, a triangular ring 106, a square ring 108, and
a ledge 110. It is understood that wmany other physical
transitions can be used according to the present invention.

In still other embodiments a chemical transition can
be used instead of a physical feature, with the chemical
having a surface tension different from the encapsulant.
The result is that the chemical experiences non-wetting by
the encapsulant which allows for the formation of a
meniscug at ' the chemical. The chemical applied using,
different methods, with a suitable method being painting
the chemical in the desired location. In one embodiment the
chemical can be painted in a circle (or other shape) on the
submount around the LED (or other emitter) and as the

encapsulant matrix is introduced over the LED the meniscus
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forms the encapsulant matrix in a dome over the LED in much
the samé way that a physical transition does. Many
different chemicals can be used with a suitable chemical
being commexycially available Nyebar-Q, from - Nye®
Lubricants.

Other embodiments of the present invention can have a.
g0lid state emitter without a submount, with the meniscus
being formed by features in other locations. FIGs. 17 and
18 show another embodiment of a solid state emitter package
120 according to the present invention comprising an LED
122 without a submount.‘The LED 122 is circular, although
LEDs with other shapes can also be used. The LED comprises
an upper surface 124 and upper surface edge 126. The
encapsulant matrix 128 is introduced on the upper surface
124 and as the surface is covered and the encapsulant
matrix reaches the edge 126 where a meniscus is formed.
This causes the encapsulant matrix to form a dome over the
LEDa upper surface. )

This embodiment can be used with many different types
and thicknesses of LED, but is particularly applicable to
thin LEDs. LEDs of many different sizes can be used, with
thin LEDs having a height that is much smaller than their
diameter. With thin LEDs, most of the emitted light passes
through the matrix material, with a small amount passing
out the LEDs side surfaces. Thin LEDs can be fabricated in
many different ways, with a suitable fabrication method
being the formation of the LEDs active layers on a
substrate, and then removal of the substrate.

In still other embodiments, one or more physical
features can be formed in one or more surfaces of the thin
LED to provide additional meniscus holding features. The
physical features can be arranged to allow Ffor the

formation of a encapsulant matrix dome on the upper
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surface, or can be arranged to alloﬁ for more Ehan one
layer of material, such as the multiple layers 22 and 24
" shown in FIG. 6 and described above.

FIG. 19 shows one embodiment of a method 140 €for
fabricating an LED package according to the present
invention, and although the method is shown with a series
of sgequential blocks it is understood that methods
according to the present invention can take place in
different sequences. in'step 142 a submount is provided
having a meniscus holding feature, and the submount can be
one of those described above or any other submount
according to the present invention. The meniscus holding
feature can be the edge of a submount surface or any other
features according to the present invention including those
described above. In step 144 an LED is mounted to a'sufface
of the submount, with the meniscus holding feature around
the LED. In step 146 an encapsulant matrxix is introduced
over the LED and itg submount surface. The width/diameter
and shape of the meniscus holding feature influences tﬁe
gize and shape of the encapsulant matrix, which preferably
takes on a dome-shape over the LED.

In step 148 the encapsulant matrix is cured using
known curing methods such as heat cﬁring. In step 150 the
method includes the optional introduction of an
intermediate/secondary encapsulant over the cured
encapsulant ' matrix, with the intermediate/secondary
éncapsulant held in a dome shape over the encapsulant
matrix by the meniscus formed between at a second matrix
forming feature. In step 152 the intermediate/secondary
encapsuiant can be cured, such as by heat curing. In step,
154 the submount can be optionally mounted to a PCB asg
described above. _

It is understood that for methods for fabricating an
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LED package that does not have a submount, steps 142 and
144 of the method 140 are mnot needed. In step 146 the
encapsulant matrix is introduced directly on the LED and
the edges (or other physical propertles) of the LED serve
as the meniscus forming features. The remainder of the
method 140 can then be berformed as described.

Although the present invention has been described in
considerable detail with reference to certain preferred
configurations thereof, other versions are possible.
Therefore, the spirit and scope of the appended claimsg

should not be limited to their preferred versions contained
therein.
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WE CLAIM:

1. An emitter package, comprising:

a submount,

a solid state emitter mounted to a surface of said
submount, said submount compriéing a first meniscus forming
feature around said solid state emitter;

an encapsulant matrix on said surface of said
submount, and covering said solid state emitter, said
matrix encapsulant forming a dome-shape over said solid
state emitter, the size and shape of said encapsulant
matrix at least partially defined by the width and shape of

said meniscus forming feature.

2. The package of claim 1, wherein said first meniscus
forming feature has a width around said emitter to hold
said encapsulant matrix in said dome-shape over gaid
émitter by a meniscus formed between said encapsulant

matrix and said meniscus forming feature.

3. The package of claim 1, wherein said solid state
emitter comprises a light emitting diode.

4. The package of claim 1, wherein said first meniscus
forming feature comprises a physical transition that

creates a meniscus when a liquid contacts it.

5. The package of claim 1, wherein said. first meniscus
Eorming feature comprises a physical feature from the group

an edge, corner, ledge and trench.

6. The package of claim 1, wherein said first meniscus

forming feature comprises the edge of said surface.
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7. The package of claim 1, wherein said first meniscus
forming feature has a circular, square, rectangular or

octagonal shape around said emitter.

8. The package of claim 1, wherein said first meniscus
forming feature has a équare shape with notches. at the

corners.

S. The package of -claim 1, wherein said encapsulant

matrix comprises a conversion material.

10. The package of claim 1, further comprising a second
meniscus forming feature around said first meniscus forming

feature.

11. The package. of claim 1, further comprising an
intermediate encapsulant over said encapsulant matrix in a
dome-shape, the size and shape of said intermediate
encapsulant at least partially defined by the size and

shape of said second meniscus forming feature.

12. The package of claim 11, wherein said second meniscus
forming feature comprises a physical transition that

Creates a meniscus when a liquid contacts it.

13. The package of claim 11, wherein said matrix
encapsulant comprises a conversion material, and wherein
said intermediate encapsuiant is transparent to the
wavelength of 1light emitter by said emitter and said
conversion material, and wherein said intermediate
encapsulant has a higher index of refraction than gaid

matrix encapsulant. '
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14. The package of claim 11, wherein sgsaid submount
comprises an upper portion and a lower portion, said upper
portion having a width smaller than the width of said lower
portion, wherein said first meniscus holding feature being
the edge 6f said upper portion, and said second meniscus

holding feature being the edge of said lower portion.

15. The package of claim 1, wherein said submount is

mounted to a printed circuit board.

16. The package of claim 15, comprising a secondary
encapsulant covering said matrix encapsulant and said
submount .

17. The package of claim 16, wherein said matrix

encapsulant compfises a conversion material, and wherein
said secondary encapsulant is transparent to the wavelength
of 1light emitter by said emitter and said conversion
material, and wherein said secondary encapsulant has a

higher index of refraction than said matrix encapsulant.

18. A method for manufacturing an emitter packagé,
comprising:

providing a body with a surface having a first
meniscus holding feature;

introducing a liquid encapsulant matrix over said
emitter and said surface, said first meniscus holding
feature holding said liquid encapsulant matrix in a dome-

shape over said emitter; and

curing said encapsulant matrix.
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19. The method of claim 18,. wherein said body comprises
a s80lid state emitter,

20l The method of claim 19, whereln said first meniscus

holdlng feature comprises the top edge of said solid
‘'sState emitter. :

21. The method of claim 18, wherein said body comprises

a submount, said method comprlslng the further step of
mounting a solid state emitter to said submount with said
menisus holding feature around said emitter.

22. The method of claim 18, wherein the viscogity of

said liquid matrix encapsulant and the width of said
first meniscus holding feature around said solid state

emitter provides a meniscus at said meniscus holding

feature holding said ligquid matrix encapsulant in said
dome ~-shape.

23. The method of claim 19, further comprlslng a second

meniscus holdlng Eeature around said first meniscus

holding feature, and further comprising introducing an

1ntermed1ate/secondary encapsulation material over said

cured matrix encapsulant, the second meniscus holding

‘feature influencing the width and shape of said
1ntermed1ate/secondary encapsulant.

24. The method of claim 21, further comprising curing

said 1ntermedlate/secondary encapsulant,

25. The method of claim 18, further comprising mounting

said body Lo a printed circuit board (PCB) .
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26. An emitter package, comprising:

a solid state emitter mounted to the surface of a
body, said surface having a first meniscus forming feature
around said emitter; ' '

an encapsulant on said surface and covering said solid
state emitter, the outer edge of said encapsulant adjacent
said surface defined by said meniscus forming feature, said
encapsulant forming a substantially dome;shaped covering

over said emitter.

27. The package of claim 26, wherein said meniscus
forming feature has a width around said emitter to hold a
liquid in a dome-shape over said emitter by a meniscus
formed between said liquid and said meniscus forming’

feature.

28. The package of claim 26, wherein said solid state

emitter comprises a light emitting diode.

29. The package of claim 26, wherein said'encapsulant

further comprises a conversion material.

30 The package of claim 26, wherein said first meniscus
forming feature comprises a physical transition that

Ccreates a meniscus when a liquid contacts it.

31. The package of claim 26, wherein said first meniscus

forming feature comprises the edge of said surface.

32. The package of claim 26, further comprising a second
meniscus forming feature around said first meniscus forming
feature.
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33. The package of claim 26, further comprising .an
intermediate encapsulant over said matrix encapsulant in a
dome-shape, the ocuter edge of said intermediate encapsulant
adjacent to said second meniscus forming feature defined by

said second meniscus forming feature.

34. The package of claim 33, wherein said second meniscus
forming feature comprises a physical transition that

creates a meniscus when a liquid contacts it.

35. The package of claim 33, wherein matrix encapsulant
comprises a conversion material, and wherein gaid
intermediate encapsulant is transparent to the wavelength
of light emitter by said emitter and said conversion
material, and wherein said intermediate encapsulant has a

higher index of refraction than said matrix encapsulant.

'36. An emitter packagé, comprising: ‘

a solid state emitter‘having a first meniscus forming
feature; )

an encapsulant on a surface of said solid state
emitter and at least partially covering said surface, said
first meniscus forming feature forming said encapsulant in
a substantially dome-shape on said surface.
37. The emitter package of claim 36, wherein said first
meniscus holding feature comprises an edge of said. solid
state emitter.

38. The package of claim 36, wherein said first meniscus

forming feature comprises a physical transition.

39. The package of claim 36, further comprising a second
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meniscus holding feature.
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