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damage to the metalized part that might occur as a result of the high mounting or bonding temperature for the lens. One embodiment
of an LED chip comprises a flip- chip LED and a lens mounted to the topmost surface of the flip-chip LED. Lenses can be bonded to
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HIGH POWER LEDS WITH NON-POLYMER MATERIAL LENSES AND
METHODS OF MAKING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to light emitting diodes
(LED) and in particular LEDs using lenses made of non-

polymer materials.

Description of the Related Art

[0002] Light emitting diodes (LED or LEDs) are solid
state devices that convert electric energy to light, and
generally comprise one or more active layers of
semiconductor material sandwiched between oppositely
doped layers. When a bias 1is applied across the doped
layers, holes and electrons are injected into the active
layer where they recombine to generate light. Light 1is
emitted from the active layer and from all surfaces of

the LED.

[0003] In order to use an LED chip in a circuit or
other like arrangements, it 1is known to enclose an LED
chip in a package to provide environmental and/or
mechanical protection, color selection, light extraction,
light focusing and the 1like. An LED package can also
include electrical leads, contacts or traces for
electrically connecting the LED package to an external
circuit. FIG. 1 shows a conventional LED package that

generally comprises a single LED chip 12 mounted on a
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reflective cup 13 by means of a solder bond or conductive
epoxy. One or more wire bonds 11 connect the ohmic
contacts of the LED chip 12 to leads 15A and/or 15B,
which may be attached to or integral with the reflective
cup 13. The reflective cup 13 can be filled with an
encapsulant material 16 which can contain a wavelength
conversion material such as a phosphor. Light emitted by
the LED at a first wavelength can be absorbed by the
phosphor, which can responsively emit light at a second
wavelength. The entire assembly is then encapsulated in a
clear protective resin 14, which may be molded in the

shape of a lens or dome over the LED chip 12.

[0004] Conventional protective resins or lenses can be
made of polymer materials such as silicones or epoxies,
and the softening point for the polymer materials 1is
relatively low. This allows softened polymer materials to
be deposited directly on the LED without damage to LED
metalized components, such as contacts, wire Dbonds,

mirrors, reflective cups, leads, etc.

[0005] FIG. 2 shows another conventional LED package
20 that may be more suited for high power operations that
can generate more heat. In the LED package 20, one or
more LED chips 22 are mounted onto a carrier such as a
printed circuilt board (PCB) carrier, substrate or
submount 23. A reflector 24 can be 1included on the
submount 23 that surrounds the LED chip(s) 22 and
reflects light emitted by the LED chips 22 away from the
package 20. Different reflectors can be used such as
metal reflectors, omni-directional reflectors (ODRs), and
distributed Bragg reflectors (DBRs). The reflector 24 can
also provide mechanical protection to the LED chips 22.
One or more wirebond connections 11 are made between

ohmic contacts on the LED chips 22 and electrical traces
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25A, 25B on the submount 23. The mounted LED chips 22 are
then covered with an encapsulant 26, which may provide
environmental and mechanical protection to the chips
while also acting as a lens. The metal reflector 24 is
typically attached to the carrier by means of a solder or
epoxy bond. The encapsulant can be made of a relatively
low melting point material to avoid damage to the

metalized components of the package 20.

[0006] Many LED components for solid state lighting
applications attempt to achieve high 1light output by
operating single LED chips at as high as possible current
and at a low voltage typical for individual LEDs. FIGs.
3a and 3b show one commercially available LED 30
available from Cree® Inc. under the EZ700™ LED product
designation. The LED comprises a single LED junction 32
as well as a current spreading structure 34 con its top to
spread current from the top contact 36. Current spreading
layers can also be included. The particular voltage level
for these types of single Jjunction LED chips can be
dependent upon the particular material system used for
the LEDs and the voltage necessary based on junction
voltage. For example, some Group-III nitride based LEDs
can have junction voltage in the 2.5 to 3.5 volt range
and increased luminous flux for these LEDs can be
achieved by applying elevated current levels. LEDs such
as these can also be provided with a lens or encapsulant

as discussed above.

[0007] Operating an LED chip with high current can
result at elevated chip temperatures, and heat from the
LED chip can spread to surrounding parts of the LED
package, including but not limited to the PCB, substrate
or submount, as well as the lens or encapsulant (“lens”).

Many lenses can be made of one or more polymer compounds
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such as epoxies and silicones. These can be fabricated in
many different ways such as being formed directly over
the LED, or formed separately and then mounted over the
LED. For the desired operation, these lenses should
maintain substantially the same transparency through
their lifetime. However, high temperatures from the
highly driven LEDs can spread to the lens, causing the
lens heat-up. This can cause the polymer material of the
lenses to degrade more quickly than would typically occur
with operation under lower temperatures, and this
degradation can result in certain undesirable effects for
the LED package. In some cases the lens can become
discolored or browned or even cracked, which can
significantly reduce the transparency of the lens and can
result in absorption of LED light passing through the
lens. This 1in turn can reduce the overall emission
efficiency of the package. This discoloration can also
result in a shift in the color of light emitted by the
package.

[0008] Lenses made of non-polymer materials such as
glass, quartz and sapphire, can be more robust than
lenses made of polymer materials, and can resist
discoloration in response to elevated temperatures. It is
not, however, practical to form these over conventional
LEDs in the same way that polymer lenses are formed.
Molding non-polymer lenses on an LED chip can present
certain manufacturing challenges. In the case of glasses,
the temperature for substantial softening can be
approximately 400°C or higher depending on the
composition of the glass. Other crystalline transparent
materials such as quartz have very high melting
temperatures. These crystalline non-polymer lenses could

be formed separately and then mounted over an LED with a
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polymer material such as a silicone or epoxy, but this
presents the same potential problem of having a polymer
material that can degrade when under elevated
temperatures. The elevated temperatures can damage
metalized components of the LED such as the contacts,
wire bonds, reflectors, etc. The most severe damage is to

the metal-to-semiconductor contact.

SUMMARY OF THE INVENTION

[0009] The present invention is generally directed to
LED chips and packages having lenses made of materials
that resist degradation at higher operation temperatures
and/or high humidity, and methods of fabricating the
same. These 1lenses can be mounted to the LED prior to
certain critical metallization steps. This helps avoid
damage to the metalized part that might occur as a result

of the high bonding or mounting temperature for the lens.

[0010] One embodiment of an LED chip according to the
present invention comprises a flip-chip LED and a lens
mounted to the topmost surface of the flip-chip LED. The
lens comprises a non-polymer material and the LED chip is
characterized as having substantially no polymer

materials in contact with the LED chip.

[0011] One embodiment of an LED chip wafer, according
to the present invention comprises a plurality of LEDs in
a wafer, the wafer being flip-chip oriented. A plurality
of lenses is mounted to the topmost surface of the wafer,
wherein the lenses comprise a non-polymer material and
wherein there 1s no polymer materials in contact with the

wafer where emitted light comes through.

[0012] A method for forming a plurality of LED chips,

comprising fabricating a plurality of LEDs and



WO 2012/083217 6 PCT/US2011/065581

fabricating a plurality of lenses is made of one or more
non-polymer materials. The plurality of lenses 1is mounted
to the plurality of LEDs using one or more non-polymer

bonding materials.

[0013] A method for fabricating LED chips, comprising
fabricating a plurality of LEDs on a semiconductor growth
wafer and flip-chip orienting the wafer such that the
growth wafer is the topmost surface a plurality of lenses
are molded on the growth wafer, wherein the lenses

comprise an non-polymer material.

[0014] These and other aspects and advantages of the
invention will become apparent from the following
detailed description and the accompanying drawings which
illustrate by way of example the features of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows a sectional view of a prior art

LED package;

[0016] FIG. 2 shows a sectional view of another prior

art LED package:;

[0017] FIG. 3a shows a top view of a prior art LED

chip according to the present invention;

[0018] FIG. 3b 1s a side elevation view of the LED

chip in FIG. 3a;

[0019] FIG. 4 is a flow diagram for one embodiment of

a method according to the present invention;
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[0020] FIG. 5 1is a sectional view of an LED wafer

according to the present invention during fabrication;

[0021] FIG. 6 is sectional view of the LED wafer shown

in FIG. 5 during fabrication;

[0022] FIG. 7 1is a sectional view of LED chips
singulated from the LED wafer shown in FIG. 6;

[0023] FIG. 8 is a sectional view of another
embodiment of an LED chip according to the present

invention;

[0024] FIG. 9 1is a sectional view of still another
embodiment of an LED chip according to the present

invention;

[0025] FIG. 10 1is a sectional view of one embodiment

of an LED package according to the present invention;

[0026] FIG. 11 is a sectional view of still another
embodiment of an LED chip according to the present

invention; and

[0027] FIG. 12 is a sectional view of another
embodiment of an LED package according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention 1is directed to LED chips
and LED packages, and methods for fabrication of the
same. In particular, the present invention is directed to
LED chips and LED packages (“LED chip” or "“LED chips”)
fabricated having lenses (or encapsulants) that withstand
degradation from environmental conditions such as
elevated temperatures. The lenses can be made of many

different materials that can have some or all of the
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following characteristics. The material should be
substantially transparent to the light emitted by the LED
chip and the 1light converted by wavelength converters,
and 1t should maintain its transparency over time, even
when exposed to elevated temperatures and/or high
humidity. The material should also have a coefficient of
thermal expansion (CTE) that is similar to that of the
LED semiconductor material. This allows for reliable

operation through different temperature cycles.

[0029] The lens material should also have an index of
refraction (IR) that allows for efficient light
extraction from the LED chip. In some embodiments the
refractive index can be in the range of 1 to 2, while in
other embodiments it can be in the range of 1.4 to 1.6.
In some embodiments  the refractive index can be
approximately 1.5. The lens material should also be
capable of Dbeing formed in dome, such as by molding,

etching, or grinding.

[0030] The lens can Dbe attached to the LED chip
without the use of polymer materials such as silicones or
epoxies. This allows some LED chip embodiments to be
provided without having polymer materials in contact with
the epitaxial material or growth substrate of the LED.
Accordingly, the amount of non-polymer material subjected
to heat from the LED 1is minimized or eliminated
completely, which results in an LED chip that withstands
degradation 1in response to elevated temperatures and
humidity. In some embodiments, the lenses can comprise
non-polymer materials such as glass, sapphire or quartz,
but it is understood that other materials can also be
used. Glass 1s relatively 1inexpensive and 1s easily
formed in a dome shape such as in a mold. The desired

shapes can also be formed by chemical etching. In some
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embodiments, the lenses according to the present
invention can be molded directly to the LED, while in
other embodiments the lens can be attached using one or
more non-polymer, transparent materials. In embodiments
where the lenses are attached to the LED Different
materials can be used to attach the lens including but
not limited to spin-on glass or flowable glass, both of
which are commercially available. Other inorganic

adhesives can also be used such as glass or ceramics.

[0031] The present invention allows for the use of
high softening temperature and melting temperature
materials for the lenses whose use would otherwise be
impractical. The present invention allows for
metallization of the LED chip after formation or mounting
of the 1lens. The present invention 1s particularly
applicable to lateral geometry LEDs or other LEDs
arranged to allow for contacting from one side. Prior to
metallization, the lens can be molded or mounted in place
on one side of the LED, and the other side can be
metalized to include features such as reflectors,
contacts, electrodes, etc. This results in wire-bond free
devices that can be mounted directly to a package,
submount or PCB. Metalizing after mounting of the lens
prevents damage that could occur to these metalized

components during formation or bonding of the lens.

[0032] It is understood that the present invention can
be used in different types of LEDs having different
geometries and can be used with a single LED and those
having multiple or an array of LEDs. It 1is further
understood that the present invention can be used for
wafer level fabrication of LED chips or package, or can
be used for fabrication of a single LED chip or groups of

less than all LED chips on the wafer.



WO 2012/083217 10 PCT/US2011/065581

[0033] As further described below, in wafer level
fabrication a plurality of LED chips can be fabricated on
or part of a growth wafer. Further processing steps can
take place and one step in the manufacturing process can
be mounting a lens array to the wafer, with each of the
lenses arranged over the desired number of LED chips. In
other embodiments, single lenses can be mounted to the
wafer over the desired number of LEDs. The LED wafer can
then be metalized and can then be singulated into
individual or groups of LED chips using known singulating
methods. It is understood that other features can be
included in the LEDs at the wafer level or after
signalization including texturing, shaping or beveling to

increase light extraction.

[0034] The present invention is 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
embodiments set forth herein. In particular, the present
invention 1is described below in regards to mounting
lenses over particular types of emitters, but it 1is
understood that the lenses can be mounted over many
different emitters beyond those described herein. For
example the present invention 1s also applicable to the
LEDs disclosed in U.S. Patent Application Serial No.
12/905,995, titled “High Voltage Wire Bond Free LEDs,”

which is incorporated herein by reference.

[0035] It 1s also understood that when an element such

as a layer, region or substrate 1is referred to as being

A 144

on” another element, 1t can be directly on the other
element or intervening elements may also be present.
Furthermore, relative terms such as “inner”, “outer”,

“upper”, “above”, “lower”, “beneath”, “below”, “first”,
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and ‘second” 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.

[0036] It is noted that the terms “layer” and “layers”
are used interchangeably throughout the application. A
person of ordinary skill in the art will understand that
a single “layer” of semiconductor material may actually
comprise several individual layers of material.
Likewise, several “layers” of material may be considered
functionally as a single layer. In other words, the term
“layer” does not denote a homogenous layer of
semiconductor material. A single “layer” may contain
various dopant concentrations and alloy compositions that
are localized in sub-layers. Such sub-layers may
function as buffer layers, contact layers or etch-stop
layers, for example. These sub-layers may be formed in a
single formation step or 1in multiple steps. Unless
specifically stated otherwise, the Applicant doces not
intend to limit the scope of the invention as embodied in
the claims by describing an element as comprising a

“layer” or “layers” of material.

[0037] Although the terms first, second, etc. may be
used herein to describe wvarious elements, components,
regions, layers 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,
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component, region, layer or section without departing

from the teachings of the present invention.

[0038] Embodiments of the invention are described
herein with reference to cross—sectional view
illustrations that are schematic illustrations of
embodiments of the invention. As such, the actual
thickness of the layers can be different, and 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
region illustrated or described as sgquare or rectangular
will typically have rounded or curved features due to
normal manufacturing 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 are not intended to

limit the scope of the invention.

[0039] FIG. 4 shows one embodiment of method 10 for
fabricating LED chips according to the present invention.
Although steps are being shown in a particular order it
is understood that the steps can occur in a different
order and different steps can be used. The present method
is described with reference to the fabrication of LEDs,
but it is understood that it can be used to fabricate
other solid state emitters and other semiconductor

devices.

[0040] In step 12 a growth wafer 1is provided upon which a
plurality of LEDs can be fabricated using known

semiconductor fabrication technigues. The wafer can be



WO 2012/083217 13 PCT/US2011/065581

made of many materials such as sapphire, aluminum nitride
(AIN), GaN, silicon carbide, with a suitable wafer being
a 4H polytype of silicon carbide, although other silicon
carbide polytypes can also be used including 3C, 6H and
15R polytypes. Silicon carbide has certain advantages,
such as a closer crystal lattice match to certain
materials, such as Group III nitrides, compared to other
wafer materials such as sapphire. Using silicon carbide
can also result in Group III nitride films of higher
quality. Silicon carbide also has a very high thermal
conductivity so that the total output power of Group-III
nitride devices on silicon carbide is not limited by the
thermal dissipation of the wafer (as may be the case with
some devices formed on sapphire). SiC  wafers are
available from Cree Research, Inc., of Durham, North
Carolina and methods for producing them are set forth in
the scientific literature as well as in a U.S. Patents,

Nos. Re. 34,861; 4,946,547; and 5,200,022.

[0041] In step 14, LEDs are fabricated on a growth
wafer or substrate, and the LEDs can have many different
semiconductor layers arranged 1in different ways. The
fabrication and operation of LEDs is generally known in
the art and only briefly discussed herein. The layers of
the LEDs can be fabricated using known processes with a
suitable process being fabrication using metal polymer
chemical vapor deposition (MOCVD). The layers of the LEDs
generally comprise an active layer/region sandwiched
between first and second oppositely doped epitaxial
layers, all of which are formed successively on the
growth wafer or substrate (“wafer”). The LED layers can
initially be formed as <continuous layers across the
substrate with the layers then partitioned or separated

into individual LEDs. This separation can be achieved by
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having portions of the active region and doped layers
etched down to the wafer to form the open areas between
the LEDs. In other embodiments the active layer and doped
layers can remain continuous layers on the wafer and can
be separated into individual devices when the LED chips

are singulated.

[0042] It is wunderstood that additional layers and
elements can also be included in each of the LEDs,
including but not limited to buffer, nucleation, contact
and current spreading layers as well as light extraction
layers and elements. The active region can comprise
single quantum well (SQW), multiple quantum well (MQW),
double heterostructure or super lattice structures, and
as 1s understood in the art, the oppositely doped layers
are commonly referred to as n-type and p-type doped

layers.

[0043] The LEDs may be fabricated from different material
systems, with preferred material systems being Group-III
nitride based material systems. 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 quaternary compounds such
as aluminum gallium nitride (AlGaN) and aluminum indium
gallium nitride (AlInGaN). In a preferred embodiment, the
n- and p-type layers are gallium nitride (GaN) and the
active region is InGaNl. In alternative embodiments the
n- and p-type layers may be AlGaN, aluminum gallium
arsenide (AlGaAs) or aluminum gallium indium arsenide

phosphide (AlGalInAsP).

[0044] It is understood that the LEDs on the wafer can

have different geometries, with some embodiments having
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lateral geometry wherein both n- and p-type layers can be
contacted from one side of the LED chip. Lateral geometry
LEDs are particularly applicable to flip-chip mounting in
packages, such that the n-type layer and/or the growth
substrate (in embodiments where growth substrate is not
removed) are the LEDs primary emitting surface. Vertical
geometry LEDs also can be fabricated according to the
present invention with a first layer or contact
accessible from one side and a second contact or layer
accessible from the opposite side. In certain
embodiments, however, this may result in the need for
additional processing to provide an access to one of the

layers through the lens wafer for electrical connection.

[0045] As discussed above, to the extent that the
contacts or current spreading grids contain metals or
other materials with relatively low melting temperatures,
and metal to semiconductor contacts that are sensitive to
temperature, the step of depositing or forming the
contacts does not occur until after a lens 1s formed or
mounted on the LED. This helps avoid the damage to the
metalized features that can occur when mounting lenses
made of non-polymer materials at elevated temperatures.
The same holds true for other features that can include

metals such as contacts, reflectors, wire bonds, etc.

[0046] In step 16 the growth substrate can go through
an optional shaping or texturing step and 1in different
embodiments this can include forming bevels or waffle
cuts 1in the substrate, or otherwise texturing or shaping
the substrate surface to enhance 1light extraction. In
other embodiments the growth substrate can be thinned or
removed, and in the embodiments where it is removed, the
epitaxial layers can be processed to include texturing or

shaping. This in turn requires the growth wafer be bonded
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to a temporary wafer/substrate as a support. Many
different substrate thinning or removal processes can be
used including known grinding and/or etching processes.
In other embodiments a portion of the growth substrate
remains can be shaped. All of these processes can enhance

light extraction from the LED.

[0047] In step 18, lenses or a lens material is
mounted to the LED wafer with the desired lens material
being arranged over the desired area of the growth wafer.
The lens material can be provided 1in the desired shape
such as domes, or can be provided as a layer of lens
material that can be formed into the desired shape later
as described below. In one embodiment, the lens material
comprises an interconnected lens array. As discussed
above, the lenses are preferably made of material that is
transparent to the light emitted by the LED and/or light
converted by converters and withstands degradation from
environmental conditions such as elevated temperatures
and high humidity. More particularly, the lens should
maintain 1its physical and optical properties such as
shape, transparency and refractive index over time, even
when exposed to elevated temperatures and high humidity.
The material should also have a coefficient of thermal
expansion that is similar to that of the LED
semiconductor material to provide for reliable operation
through different temperature cycles. The lens material
should also have a refractive index that allows for
efficient 1light extraction. In some embodiments the
refractive index can be in the range of 1 to 2, while in
other embodiments it can be in the range of 1.4 to 1.6.
In some embodiments the refractive index can be

approximately 1.5. The lens material should also be
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capable of being formed in a dome, such as by molding,

etching or grinding.

[0048] The lenses according to the present invention
can be made of many different materials discussed above,
with a suitable material being glass, which 1is readily
available, relatively inexpensive, and capable of being
formed into shapes such as domes. Different types of
glass having different compositions can have different
melting temperatures, with some having melting
temperatures as low as approximately 400°C, and others

having melting temperatures as high as 1700°C or higher.

[0049] In the embodiments where the lenses are
provided in an array of interconnected lenses, that array
of lenses can be sized to be mounted to the LED wafer
covering all or some of the LED chips-to-be areas. In
some embodiments the lens array can be sized to cover the
entire LED wafer and can be mounted to the LED wafer
using different mounting methods. In flip-chip
embodiments, the lens array can be mounted directly to
the growth substrate or in embodiments where the growth
substrate 1s removed, to the exposed epitaxial layer
(e.g. n-type layer). The flip chip LEDs in the array have
not yet been metalized to include contacts, reflectors,
wire bonds, etc. Accordingly, the wafer and its epitaxial
layers can withstand mounting of the lenses at elevated
temperatures without experiencing damage to the metalized

features.

[0050] The lenses can be mounted to the wafer using
different techniques, such as molding directly to the
wafer. The lens wafer surface can soften at certain
elevated temperature and pressure and intern forms a bond

with the LED growth wafer surface. Alternatively, the
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lens array can be formed separately from the LED wafer
and then bonded to the wafer using a non-polymer material
that 1s also resistant to degradation under elevated
temperatures and humidity. Different commercially
available transparent bonding materials can be used, such
as commercially available spin-on glass or flowable glass
available from Dow Corning Corporation. It is understood

that many other materials can also be used.

[0051] In step 20, the lens material or lens array can
go through the optional step of shaping into the desired
final shape to the extent that the material is not
provided with its final lens shape. Many different
shaping methods can be provided including known etching,

cutting and grinding methods.

[0052] In step 22, the non-polymer lenses are now 1in
place on the LED wafer, and the wafer can be metalized to
deposit the metal features. Each of the LEDs can have
first and second contacts, and 1in the cases where the
LEDs have lateral geometry, both contacts can be
accessible from one surface of the LEDs as further
described below. In one such embodiment, one of the
contacts can be in electrical contact with the LEDs n-
type layer and the other contact can be in electrical

contact with the LED’s p-type layer.

[0053] The first and second contacts can comprise many
different materials such as Au, copper (Cu) nickel (Ni),
indium (In), aluminum (Al) silver (Ag), or combinations
thereof. Still other embodiments can comprise conducting
oxides and transparent conducting oxides such as indium
tin oxide, nickel oxide, =zinc oxide, cadmium tin oxide,
titanium tungsten nickel, indium oxide, tin oxide,

magnesium oxide, 2ZnGay0,, Zn0,/Sb, Gay03/Sn, AgIn0O;/Sn,
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In,03/%2n, Cu”AlQ,, LaCu0S, CuGaO; and SrCu;0;. The choice of
material used can depend on the location of the contacts
as well as the desired electrical characteristics such as
junction resistivity and sheet resistance, as well as
optical characteristics such as transparency,
reflectivity, absorption and reflectivity. In the case of
Group-III nitride devices, it 1s known that a thin
semitransparent current spreading layer typically can
cover portions of the LED to assist with current
spreading from the contacts to the LED. The LEDs can also
comprise additional current spreading structures or
grids. The contacts can be formed using different methods
such as sputtering and evaporation. Other metalized
features such as contacts, electrodes, reflectors,
electrical traces, vias, etc can also be formed using
known methods as described below. For lateral flip-chip
LEDs, the metallization can provide metal features on the

LED wafer on the surface opposite the lenses.

[0054] In step 24, the LED wafer can be singulated
into individual LED chips or groups of LED chips using
known methods such as dicing, scribe and breaking, or
etching. The singulation process separates each of the
lenses in the array such that each non-polymer lens 1is
over the desired number of LEDs. In some embodiments,
each singulated device comprises at least one LED chip,
with one or more lenses. The singulated LED chips provide
the advantage of not having polymer materials in contact
with the epitaxial layers or the growth substrate. This
reduces the discoloration that can occur from the
breakdown of the non-polymer material as a result of high

temperature and/or high humidity operation.

[0055] In some embodiments, there may be some polymer

materials in contact with the epitaxial layers, but not
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in contact with the primary emission surface or surfaces
of the LED. To the extent that any heat related
discoloration occurs in the polymer material, it does not
significantly reduce the emission of the LED through the
primary emission surfaces. Following singulating, the
devices can be mounted in a package, or to a submount or
printed circuit board (PCB) with electrical connection on
the metalized elements on the LED chip and electrical

traces on the package/submount/PCB.

[0056] It is understood that the methods according to
the present invention can also be used beyond mounting
non-polymer lenses to LEDs at the wafer level, but can
also be used to mount a lens to a single LED or to mount
a lens over a group of LEDs. The process is similar, with
the resulting LED chip or package Dbeing metalized
following mounting of the non-polymer lens. The lens can
be mounted without the use of non-polymer materials so
that there is no polymer material that can degrade due to

the LED operation.

[0057] FIG. 5 shows one embodiment of an LED wafer 40
and lens array 42 that can be utilized in the method
described above to fabricate LED chips according to the
present invention. The LED wafer 40 comprises epitaxial
material 44 grown on a growth substrate 46 as described
above. The epitaxial material 44 is shown as a single
layer, but it 1is understood that it can comprise many
layers, 1including but not limited to a p-type layer,
active region, and n-type layer as described above. The
LED wafer 40 is flipped such that the growth substrate 46
is the top layer, with this arrangement being utilized in
flip-chip arrangements. The growth substrate comprises
bevels 48 in its top surface that can be formed using

known etching, cutting or grinding techniques. The bevels
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are included to enhance light extraction from the LED
chip, and it is understood that other light extraction
features can be included such as micrometer range scaled
texturing or shaping. At the state of its fabrication as
shown, the LED wafer has not yet been metalized, so that
it can withstand the heat from mounting of lenses at

elevated temperatures.

[0058] The lens array 42 comprises a plurality of
connected lenses 50 with the array 42 that can be mounted
to the LED wafer 40. As mentioned above, the LED array is
preferably formed of a transparent material that is
resistant to degradation from heat and humidity and has
the CTE and IR characteristics described above. In some
embodiments the lens array 42 can comprise a non-polymer
material such as those described above, with a suitable
material being glass. In some embodiments the LED array
can be formed directly on the LED wafer using molding
techniques where the softened glass 1is molded on the
wafer. Using this method, the glass from the lens fills
the bevels 48.

[0059] Referring now to FIG. 6, 1in the embodiment
shown the lens array 42 is mounted on the LED wafer 40
using an alternative method to molding. The lens array 42
is mounted to the LED wafer 40 using a bonding material
52, and in this embodiment the bonding material
preferably comprises a non-polymer bonding material, such
as those described above. The bonding agent can be
applied to the LED wafer 40 with the lens array mounted
to the LED wafer with the bonding agent substantially
filling the space between the two.

[0060] The LED array can be provided with the lenses

50 in the desired shape, so no further processing or
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shaping of the lenses 1s required as discussed in the
method above. Following mounting of the lens array 42,
the LED can be etched to form the LEDs on the wafer into
the desired lateral geometry so that the LEDs can be
contacted from the same side. The wafer can also be
etched to ©provide additional features and layers,
including but not 1limited to wvias, insulating layers,
reflective layers, etc. These features are described
below, but are not shown in FIGs. 5-7 to simplify the
drawings and the description herein. Metal
layers/materials 54 can now be deposited on the LED wafer
using the methods described above, with the metal
layers/materials 54 are capable of comprising contacts,

reflectors, conductive traces, etc.

[0061] Phantom 1lines 56 are shown in FIG.© to
illustrate singulating locations that can be used when
singulating the wafer into individual LED chips.
Referring now to FIG. 7, LED <chips 58 are shown
singulated from the LED wafer 40. Although only three LED
chips 58 are shown, 1t 1is understood that many more LED
chips can be formed from a single wafer. For example,
when fabricating LED chips having a 1 millimeter (mm)
square size, up to 4500 LED chips can be fabricated on a
3 inch wafer. Each LED chip has its own lens 50, portion
of epitaxial material 44, portion of the growth substrate
46, and metal layers 54 at which an electrical signal is
applied to the LED chip 58. Each of the LED chips 58 is
capable of being mounted to an LED package, submount or

PCB as described above.

[0062] FIG. 8 shows another embodiment of an LED chip
70 according to the present invention having an epitaxial
material 72 that can comprise the layers described above.

A lens 74 is included on the epitaxial material 72 either
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through the molding or bonding processes described above.
The lens 74 should be transparent, resistant to
breakdown, and should have the CTE and IR characteristics
described above, with lenses made of non-polymer

materials such as glass.

[0063] In this embodiment, the growth substrate for
the epitaxial material has been removed and as mentioned
above, the epitaxial material can comprise many different
layers/regions as described above, including but not
limited to an active region sandwiched between and n-type
layer and a p-type 1layer. The top surface of the
epitaxial layer comprises micrometer scaled textures that
can be formed using the methods described above, with the

texture to enhance light extraction.

[0064] Pursuant to the method described above,
following mounting of the lens 74, one or more LED chips
70 can be metalized. The LED chips 70 can be etched prior
to metallization (either Dbefore or after mounting of
lens) to form the LED chip into the desired geometry. In
the embodiment shown, the LED chip 70 can be etched to a
lateral geometry so that the LED chip can be contacted
from the side opposite the lens 74, or can be provided
with other features to allow electrical contact to the n—
type and p-type layers. Forming to lateral geometry can
comprise removing a portion of one of said n-type and p-
type layers, and a portion of the active region to form a
contact mesa. In the embodiments where the p-type layer
is the bottom-most layer, portions of the p-type layer
and the active region can be removed to form a contact
mesa on the n-type layer. 1In alternative arrangements
vias can be formed through the bottommost one of the n-
type and p-type layers, and through the active region, to
contact the other of the n-type and p-type layers.
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[0065] The LED chip 70 comprises a first contact area
78 for applying an electrical signal to one of the n-type
and p-type layers, and a second contact are 80 for
applying an electrical signal to the other of said n-type
and p-type layers. Vias 82 are formed through the
bottommost one of the n-type and p-type layers, through
the active region, to the other said n-type and p-type
layers. A reflector 84 is deposited on each of the first
and second contact areas 78, 80 to reflect light emitted
toward the bottom of the LED chip 70 back to the lens 74.
This 1light can then contribute to useful emission from
the LED chip 70. Different materials can be used for the
reflector 84 such as one or more metal layers, or one or
more  semiconductors layers in a Distributed Bragg
Reflector {DBR), or combinations thereof. In the
embodiment shown, the vias 82 are only under the first
contact area 78 and the reflector 84 has openings aligned

with the wvias 82.

[0066] A first contact/electrode 86 1is included on the
first contact area 78 and a second contact/electrode 88
is included on the second contact area 80. Insulating
layer 90 can be included over the reflector and on the
inside surfaces of the wvias 82 to provide electrical
isolation between the n-type and p-type semiconductor
layers and isolation between metallization and

semiconductor layers.

[0067] It 1is understood that different LED chips
according to the present invention can be arranged in
different ways with many different layers and features.
FIG. 9 shows another embodiment of an LED chip 100
according to the present invention having epitaxial
material 102 with the growth substrate removed. The

surface of the epitaxial material 102 1is textured to
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enhance light extraction, and a lens 104 1is mounted to
the epitaxial material, using a bonding material 106 as
described above. In this embodiment, a temporary support
wafer 1is bonded to the LED wafer before the growth
substrate is removed. This temporary support wafer is
removed after lens wafer 1is bonded to the LED wafer.
Before or after mounting of the lens 104, the LED chip
can be etched to form it in the desired geometry and/or
to form vias 108 as described above. The LED chip 100
comprises first and second contact areas 110, 112 and
following mounting of the lenses the LED chip 100 can be

metalized.

[0068] Reflectors 114 can be deposited on the surface
of both the first and second contact areas 110, 112, with
holes in the reflectors in the first contact area 110
aligned with the wvias 108. A Dbarrier layer 116 1is
included over each of the reflectors 114 to Dblock
migration of elements to and from the reflectors 114. An
insulting layer 118 1is provided over the barrier layer
116 under the first contact area to provide electrical
isolation between the reflectors 114 and the layers above
the insulating layer 118. This layer 118 also
electrically isolates the P-type and the N-type
semiconductor layers. First and second electrodes 122,
124 can be deposited over the first and second contact
areas 110, 112. Insulating gap filler 126 can then be
used to fill the gaps left through manufacturing.

[0069] During operation of the embodiments described
above, an electrical signal can be applied to the first
and second electrodes causing the LED to emit light. The
present invention 1s applicable to low or high power LEDs
operating in response to different drive signals. Some

embodiments can be driven with a relatively high power
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that can cause them to generate elevated levels of heat.
Some of the heat will spread to the lens, but because the
lens is made of the materials described above, it resists

degradation.

[0070] The different embodiment of the present
invention can be used with conversion materials to
convert at least some of the light emitted from the LED,
with the overall LED chip emitting a combination of light
from the LED and the conversion material. In some
embodiments, the LED chip <can emit a white light
combination of 1light from the LED, in the conversion
material, and 1in some embodiments additional LED chips
can be included. Techniques for generating white light
from a plurality of light sources to provide improved
color rendering 1index (CRI) at the desired color
temperature have Dbeen developed that utilize different
hues from different discrete light sources. Such
techniques are described in U.S. Patent No. 7,213,940,
entitled “Lighting Device and Lighting Method”. In one
such arrangement 452nm peak Dblue InGaN LEDs were coated
with a vyellow conversion material, such as a YAG:Ce
phosphor, to provide a color that was distinctly vyellow
and has a color point that fell well above the black body
locus on the CIE diagram. Blue emitting LEDs coated by
vellow conversion materials are often referred to as blue
shifted yellow (BSY) LEDs or LED chips. The BSY emission
is combined with the light from reddish LEDs that “pulls”
the vyellow color of the yellow LEDs to the black body

curve to produce warm white light.

[0071] The conversion material in the embodiment shown
can be arranged in many different ways and can comprise
many different materials. In some embodiments it can be

integral to the LED chips, such as through a layer or
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coating. In other embodiments, the conversion material
can be integral or part of the lens or the package where

the LED chip is mounted.

[0072] FIG. 10 is one embodiment of an LED package 130
according to the present invention comprising an LED chip
132 as described above, mounted at the base of reflective
cup 134. The reflective cup 134 can have reflective side
surfaces 136 with light from the LED chip 132 emitting
directly out of the opening in the reflective cup 134 or
reflected off the reflective surfaces 136 and out the
opening. A conversion material 138 can be included over
the reflective cup opening, with the conversion material
covering at part of or the entire reflective cup opening.
The conversion material can be formed over the opening
using many different known methods including dispense
methods, spin coating, and electrophoretic deposition. In
other embodiments, the conversion material can be formed
separately from the LED package and can be mounted over

the reflective cup opening.

[0073] In some embodiments, the conversion material
138 can comprise a Dbinder and phosphor mixture and
different factors determine the amount of LED light that
will be absorbed by the phosphor/binder coating in the
final LED chips, including but not limited to the size of
the phosphor particles, the percentage of phosphor
loading, the type of binder material, the efficiency of
the match between the type of phosphor and wavelength of
emitted light, and the thickness of the phosphor/binding
layer. These different factors <can be controlled to
control the emission wavelength of the LED chips

according to the present invention.
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[0074] Different materials can be used for the
binder, with materials preferably being robust after
curing and substantially transparent in the visible
wavelength spectrum. Suitable materials include but not
limited to glass, BCB, polymides and silicones. Non-
polymer materials such as glass are the preferred
materials since they have higher resistance to high
temperature and humidity. In other embodiments, the
binder material can be engineered to be index matched
with the features such as the <chip (semiconductor
material) and growth substrate, which can reduce total

internal reflection (TIR) and improve light extraction.

[0075] Many different phosphors can be used in the
conversion material 138 according to the present
invention. (not true)In one embodiment according to the
present invention LED chips 132 can emit light in the
blue wavelength spectrum and the phosphor absorbs some of
the blue 1light and re-emits vyellow and/or red and/or
green light. The LED package 130 emits a white 1light
combination of blue and yellow light. In one embodiment
the phosphor comprises commercially available YAG:Ce,
although a full range of broad vyellow, red and green
spectral emission 1is possible using conversion particles
made of phosphors based on the (Gd,Y)s(Al,Ga)s04,:Ce
system, such as the Y3Al50:,:Ce (YAG). Other vyellow
phosphors that can be used for white emitting LED chips
include:

Tb3-4xRE;01,:Ce (TAG); RE=Y, Gd, La, Lu; or

Sro-x-yBaxCaySi04:Eu.

[0076] First and second phosphors can also be combined
for higher CRI white of different white hue (warm white)

with the vyellow phosphors above combined with red
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phosphors. Different red phosphors can be used including:
Sr,Ca;_xS:Eu, Y; Y=halide;

CaSiAlNs3:Eu; or

Sry-yCaySi04:Eu

[0077] Other phosphors can be used to create saturated
color emission by converting substantially all light to a
particular color. For example, the following phosphors
can be used to generate green saturated light:

SrGa,Ss:Eu;

Sry-yBaySi04:Eu; or

SrSi202N2 tEu.

[0078] The following 1lists some additional suitable
phosphors that can be used as conversion particles in LED
package 130, although others can alsoc be used. Each
exhibits excitation in the blue and/or UV emission
spectrum, provides a desirable peak emission, has
efficient 1light conversion, and has acceptable Stokes

shift:

YELLOW/GREEN

(Sr,Ca,Ba) (Al,Ga),S; :Eu*"
Ba, (Mg, Zn) Si,0;: Eut
Gdo.465T0.31A811.230xF1 .38 : Eu®"g 06
(Bai-x-ySr:Cay) 8104:Eu
Ba,S10,;:Eu*’

RED

Lu.gngEu3+

(Sro-xLay) (Cer1-xEux) O4
Sr.Ce-xEuOy4
SroEu,.Cely
SrTi03:Pr’", Ga’*

CaAlSiN5:Eu®’
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Sr28i5N8:EUZ+

[0079] Different sized phosphor particles can be used
including but not limited to 10-100 nanometer (nm)-sized
particles to 20-30 pm sized particles, or larger. Smaller
particle sizes typically scatter and mix colors better
than larger sized particles to provide a more uniform
light. Larger particles are typically more efficient at
converting light compared to smaller particles, but emit
a less wuniform 1light. In one embodiment, the particle

sizes are in the range of 2-5 um.

[0080] The conversion material 138 «can also have
different concentrations or loading of phosphor materials
in the binder, with a typical concentration being in
range of 30-70% Dby weight. In one embodiment, the
phosphor concentration 1is approximately 65% by weight,
and 1s preferably uniformly dispersed throughout the
binder. Still in other embodiments the «coating can
comprise multiple layers of different concentrations of
types of phosphors, or a first coat of clear silicone or
glass can Dbe deposited followed by phosphor loaded

layers.

[0081] It is understood that the conversion material
138 can also comprise scattering particles in a binder
material to further disperse and mix light passing
through the conversion material. The scattering particles
can be provided in different concentrations depending on
the application and materials used. A suitable range for
scattering particle concentration is from 0.01% to 0.2%,
but it is understood that the concentration can be higher
or lower. In some embodiments the concentration can be as
low as 0.001%. It is also understood that the scattering

particle layer can have different concentrations of
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scattering particles in different regions. For some
scattering particles there can be an increase in loss due
to absorption for higher concentrations. Thus, the
concentrations of the scattering particles can be chosen
in order to maintain an acceptable loss figure, while at
the same time dispersing the light to provide the desired

emission pattern.

[0082] The scattering particles can comprise many

different materials including but not limited to:

silica gel;

zinc oxide (ZnO);
yttrium oxide (Y,03);
titanium dioxide (TiO3);
barium sulfate (BaS0,):;
alumina (Al;03);

fused silica (S1i0;);
fumed silica (Si0;);
aluminum nitride;

glass beads;

zirconium dioxide (ZrOs);
silicon carbide (S5iC);
tantalum oxide (TaOs);
silicon nitride (SisNy):
niobium oxide (Nb;0s);
boron nitride (BN); or

phosphor particles (e.g., YAG:Ce, BOSE)

More than one scattering particles in various
combinations of materials or combinations of different
forms of the same material may be used to achieve a
particular scattering effect. It 1is understood that in
other embodiments the scattering particles can Dbe

included in other portions of the LED package 130.
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[0083] FIG. 11 is another embodiment of an LED chip
150 according to the present invention having a textured
growth substrate material, first and second contacts 154,
156 for applying an electrical signal, and a lens 158
that can be made of the materials described above. The
lens 158 comprises a conversion material 160 that can be
included as part of the lens 158 or as a layer between
the lens 159 and the growth substrate. In one embodiment
it can be included in the binding material used to bond
the lens 158 to the epitaxial material 152. Any of the
binding materials mentioned above can be used, that
comprise a non-polymer material that resists degradation
in response to heat and humidity. Alternatively, the
conversion material 160 can be included as part of the
lens or can be a separate layer formed on the growth
substrate. A pre-form of the conversion material cab be
glued/attached onto the growth substrate using a non-
polymer material. The conversion material 160 or the lens
158 can also comprise scattering particles as described

above.

[0084] FIG. 12 shows still another embodiment of an
LED chip 170 according to the present invention having
growth substrate material 200, first and second contacts
174, 176 for applying an electrical signal, and a lens
178 that can be made of the materials described above. In
this embodiment, a conversion material 180 can be
included on the lens 178 as a separate layer comprising a
phosphor material and binder, or as a layer within the
lens 178. The conversion material 180 can be deposited
using many known techniques such as dispense, molding or
spraying and in this embodiment the phosphor in the

conversion material is spaced from the LED active region
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such that less heat transfers to the conversion material

during operation.

[0085] The present invention can Dbe used with many
different LEDs arranged in different ways. The conversion
material can be arranged in many different ways both
remote to and integral to the LED chip, and the
conversion material can take many different shapes. As
mentioned above, the present invention can also be used
with LEDs having vertical geometry. This can require the
additional processing steps of forming an access through
the lens so that one or the n-type and p-type layers can
be contacted through the hole. The layer could then be
wire bonded through the hole.

[0086] The present invention can be wused in many
different lighting applications, and in particular those
using a small sized high output 1light source. Some of
these include, but are not limited to, street lights,
architectural 1lights, home and office 1lighting, and

display lighting.

[0087] Although the present invention has been
described in detail with reference to certain preferred
configurations thereof, other versions are possible.
Therefore, the spirit and scope of the invention should

not be limited to the versions described above.
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WE CLAIM:

1. A light emitting diode (LED) chip, comprising:

a flip-chip LED; and

a lens mounted to the topmost surface of said flip-
chip LED, wherein said lens comprises a non-polymer
material and wherein there is substantially no polymer

materials 1n contact with said LED.

2. The LED chip of claim 1, wherein said lens is made
of a material resistant to degradation at elevated

temperatures and humidity.

3. The LED chip of claim 1, wherein said flip chip LED
comprises a growth substrate, wherein said growth

substrate is saild topmost layer.

4. The LED chip of claim 1, wherein said growth

substrate comprises light extraction features.

5. The LED chip of <c¢laim 1, wherein said 1lens 1is
substantially transparent to the light emitted by the LED

and the light converted by the converter.

6. The LED chip of claim 1, wherein said lens comprises
a material having a coefficient of thermal expansion

substantially the same as the LED material.

7. The LED chip of claim 1, wherein said lens material

has an index of refraction in the range of 1 to 2.

8. The LED chip of claim 1, wherein said lens material

has an index of refraction in the range of 1.4 to 1l.6.
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9. The LED chip of claim 1, wherein said lens comprises

glass, sapphire, or quartz.

10. The LED chip of claim 1, further comprising a non-

polymer bonding material to mount said lens to said LED.

11. The LED chip of claim 10, wherein said bonding

material comprises spin-on glass or flowable glass.

12. The LED chip of claim 1, wherein said lens is

mounted directly on said LED chip.

13. The LED chip of claim 1, wherein said LED has

lateral geometry.

14. A light emitting diode (LED) chip wafer, comprising:
a plurality of LEDs in a wafer; and
a plurality of lenses mounted to the topmost surface
of said wafer, wherein said lenses comprise a non-polymer
material and wherein there is substantially no polymer

materials in contact with said wafer.

15. The LED wafer of claim 14, further comprising a
growth substrate, wherein said plurality of LEDs are on
said growth substrate, and said growth substrate is said

topmost surface.

16. The LED chip wafer of claim 14, further comprising

features to enhance light extraction.

17. The LED chip wafer of claim 14, wherein said lenses

are formed in a lens array.
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18. The LED chip wafer of claim 14, wherein said lens is
made of a material resistant to degradation at elevated

temperatures and humidity.

19. The LED chip wafer of claim 14, wherein each of the
lenses in said lens array is substantially transparent to
the light emitted by said LEDs and the light converted by

phosphors.

20. The LED chip wafer of claim 14, wherein said lenses

have an index of refraction in the range of 1 to 2.

21. The LED chip wafer of claim 14, wherein said lens

comprises glass, sapphire, or quartz.

22. The LED chip of claim 14, further comprising a non-

polymer bonding material to mount said lens to said LED.

23. The LED chip of claim 1, wherein at least some of

said LEDs have lateral geometry.

24. A method for forming a plurality of light emitting
diode (LED) chips, comprising:

fabricating a plurality of LEDs;

fabricating a plurality of lenses made of one or
more non-polymer materials; and

mounting said plurality of lenses to said plurality
of LEDs such that there is no polymer material in contact

with the emitting surfaces of said LEDs.

25. The method of claim 24, wherein said plurality of
lenses are mounted to said LEDs using one or more non-

polymer bonding materials.
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26. The method of claim 24, wherein said lenses are

mounted directly to said plurality of LEDs.

27. The method of claim 24, wherein said LEDs are formed

on a growth substrate.

28. The method of claim 24, wherein said LEDs are flip-
chip oriented prior to said mounting of the lenses or

lens wafer.

29. The method of claim 24, wherein said plurality of

lenses comprise a lens array.

30. The method of claim 24, further comprising
metalizing said LEDs after mounting of said plurality of

lenses.

31. The method of claim 24, further comprising
separating said LEDs wherein each of said singulated LEDs

comprises at least one of said plurality of lenses.

32. The method of claim 24, wherein said growth substrate

comprises light extraction features.

33. The method of c¢laim 24, wherein said lenses are
substantially transparent to the 1light emitted by the
LEDs and to the light converted by converters.

34. The method of claim 24, wherein said lenses have an

index of refraction in the range of 1 to 2.

35. The method of claim 24, wherein said lenses comprise

glass, sapphire, or quartz.
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36. A method for fabricating light emitting diode (LED)
chips, comprising:

fabricating a plurality of LEDs on a growth wafer;

flip-chip orienting said wafer such that said growth
wafer is the topmost surface; and

molding a plurality of lenses on said growth wafer,

wherein said lenses comprise a non-polymer material.

37. The method of claim 36, wherein said plurality of

lenses comprises a lens array.

38. The method of claim 36, further comprising
metalizing said LEDs after molding of said plurality of

lenses.

39. The method of claim 26, further comprising

singulating.

40. A method for fabricating a light emitting diode
(LED) chip, comprising:

fabricating an LED;

flip-chip orienting said LED; and

fabricating a lens made of an non-polymer material;
and

mounting said lens to said LED with no polymer

material in contact with an emitting surface of said LED.

41. A light emitting diode (LED) chip, comprising:

an LED; and

a lens mounted to the topmost surface of said LED,
wherein said lens comprises a material having a melting
temperature greater than 400°C that is resistant to LED

heat degradation and humidity degradation.
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42. The LED chip of claim 41, wherein said lens has a

melting temperature greater than 1000°C.

43. The LED chip of claim 41, wherein said lens has a

melting temperature greater than 1500°C.

44, A light emitting diode (LED) chip, comprising:
an LED;
metalized components on said LED; and
a lens mounted to a surface of said LED, wherein
said lens comprises a material having a melting

temperature greater than said metalized components.

45. A solid state emitter, comprising:
a light emitting diocde (LED) chip; and
a lens mounted directly to a surface of said LED

chip.

46. The emitter of c¢laim 45, wherein said lens is

mounted to an emission surface of said LED chip.

47, The emitter of claim 45, wherein said lens is made
of a material resistant to degradation at elevated

temperatures and humidity.

48. The emitter of claim 45, wherein said lens has a

coefficient of thermal expansion similar said LED chip.

49. The emitter of claim 45, wherein said LED chip

comprises light extraction features.

50. The emitter of claim 45, wherein said lens 1is
substantially transparent to the light emitted by the LED

chip.
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51. The emitter of claim 45, wherein said lens has an

index of refraction in the range of 1 to Z.

52. The emitter of claim 45, wherein said lens has an

index of refraction in the range of 1.4 to 1.6.

53. The emitter of claim 45, wherein said lens comprises

glass, sapphire, or quartz.

54. The emitter of claim 45, further comprising a non-

polymer bonding material to mount said lens to said LED.

55. The emitter of claim 45, wherein said LED chip has

lateral geometry.

56. A method for fabricating a solid state emitter,
comprising;
fabricating an light emitting diode (LED) chip; and
arranging an lens directly on an emission surface of

said LED chip.

57. The method of claim 56, wherein said lens comprises

a non-polymer material.

58. The method of claim 56, wherein said lens is molded

on said LED chip.

58. The method of claim 56, wherein said lens is
fabricated separately from said LED chip and attached to
said LED chip.

60. The method of claim 58, wherein said lens is attached

to said LED chip using non-polymer material.
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