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WHITE-EMITTING LED CHIPS AND METHOD FOR MAKING SAME

[0001] The invention was made with Government support under
Contract No. FA8650-05-2-5507. The Government has certain rights

in this invention.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates generally to semiconductor
devices, and more particularly to wire-bond free, white 1light

emitting devices and methods for fabricating the same.

Description of the Related Art

[0003].Light emitting diodes (LED or LEDs) are solid state
devices that convert electric energy to 1light, 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 is emitted from the active layer and from all
surfaces of the LED.

[0004] Conventional LEDs cannot generate white light from their

active layers. Light from a blue emitting LED has been
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converted to white light by surrounding the LED with a yellow
phosphor} polymer or dye, with a typical phosphor being cerium-
doped yttrium aluminum garnet (Ce:YAG). [See Nichia Corp. white
LED, Part No. NSPW300BS, NSPW312BS, etc.; See also U.S. Patent
No. 5,959,316 to Lowrey, “Multiple Enqapsulation of Phosphor-LED
Devices”]. The surrounding phosphor material down-converts the
wavelength of some of the LED’s blue light, changing its color
to yellow. Some of the blue light passes through the phosphor
without being changed while a substantial portion of the light
is down-converted to yellow.  The LED emits both blue and yellow
light, which combine to provide a white light. In another
approach light from a violet or ultraviolet emitting LED has
been converted to white 1light by surrounding the LED with

multicolor phosphors or dyes.

[0005] One method used to fabricate efficient semiconductor
devices is called flip-chip, or wire-bond free, mounting. Flip-
chip mounting of LEDs involves mounting the LED onto a submount
substrate-side up. Light is then extracted and emitted through
the transparent substrate, or the substrate may be removed
altogether. Flip-chip mounting is an especially desirable
technique'for mounting SiC-based LEDs. Since SiC has a higher
index of refraction than GaN, light generated in the active
region does not internally reflect (i.e. reflect back into the
GaN-based layers) at the GaN/SiC interface. Flip-chip mounting
of SiC-based LEDs offers improved 1light extraction when
employing certain chip-shaping techniques known in the art.
Flip-chip packaging of SiC LEDs has other benefits as well, such
as improved heat extraction/dissipation, which may be desirable

depending on the particular application for the chip.
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[0006] Various approaches for the fabrication of white-emitting,
flip-chip mounted devices have been attempted. For example,
Philips Lumileds has developed a thin film flip-chip technology
which they combine with their “Lumiramic” phosphor plates to
create white-emitting, wire-bond free LEDs. To manufacture
these devices, multiple fabrication steps are carried out at the
singulated chip level. Base LEDs are individually flip-chip
mounted to submount wafers prior to removing the LED substrate.

The Lumiramic plates are then bonded to each chip individually.

[0007] As another example, in U.S. Patent Pub. No. 2008/0173884
(assigned to the same assignee as the present invention), the
wire-bond free wafer is coated with phosphor-loaded silicone and
then cured after it is fabricated. The coated wafers can then
be further processed by grinding down the phosphor coating to a
uniform thickness. Finally, the wafers are diced, and the

singulated chips are placed for die attachment.

[0008] While flip-chip, or wire-bond free, LED chip designs are
suitable for a variety of applications, white-emitting flip-chip
devices can be difficult to fabricate. To maximize the overall
light extraction while 1limiting the 1light emission from the
sidewalls of the devices, the LED wafer substrate may be thinned
or entirely removed. As such, the mechanical support for the
remaining material is essentially provided by: the electrodes,
and the package or submount the devices are flip-chip mounted
onto. This can result in devices that are mechanically delicate
and subject to low-yield during fabrication and die handling.

Reliability problems after packaging can also be an issue.

[0009] Additionally, the base LED materials (such as SiC, GaN,
and various contact metals) may have relatively low coefficients

of thermal expansion (CTE), such as in the <20ppm/°C range.
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Alternatively, some of the materials provided to make the chips
emit white light (such as silicone coating) have high CTE, such
as in the >100ppm/°C range. The low CTE and high CTE materials
are typically attached to one another to form a completed
device, thus creating a CTE mismatch. The CTE mismatch may
exacerbate the mechanically delicate nature of the white-
emitting, flip-chip devices. This may lead to device failure

during temperature cycles.

SUMMARY OF THE INVENTION

[0010] The present invention provides apparatuses and methods
for fabricating semiconductor devices, such as white-emitting,
flip-chip 1lighting devices, that are highly efficient and
mechanically robust. The fabrication of the devices allows for
higher yields and lower costs by performing process steps at the
wafer 1level rather than the <chip level. One embodiment
according to ' the present invention comprises a method for
fabricating LED chips. The method comprises pre-forming a
capping wafer, with the capping wafer comprising a conversion
material. A wire-bond free LED wafer comprising a plurality of
LEDs is fabricated. The capping wafer is then bonded to the LED
wafer using an adhesive. Finally, the LED chips are singulated

upon the completion of all final fabrication steps.

[0011] Pursuant to another embodiment according to the present
invention, an LED chip wafer is provided comprising a submount
wafer and a plurality of LEDs flip-chip mounted on the submount
wafer. A capping wafer is also provided, which is bonded to the
LEDs wusing an adhesive. The capping wafer comprises a

conversion material. At least some of the light emitted from
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the LEDs passes through the capping wafer where at least some of

the light is converted by the conversion material.

[0012] In another embodiment according to the present invention,
a wire-bond'free LED chip is provided. Further, a capping wafer
is provided, which is bonded to the LED using an adhesive. The
capping wafer serves as a mechanical support for the LED chip.
A conversion material is integrated in the capping wafer, with
the conversion material converting at least some of the light

emitted from said LED.

[0013] These and other further features and advantages of the
invention would be apparent to those skilled in the art from the
following detailed description, taken together with the

accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0001] FIG. 1 is a sectional view of one embodiment of an LED
wafer at a fabrication step in one method according to the

present invention;

[0002] FIG. 2 is a sectional view of one embodiment of a capping

wafer according to the present invention;

[0003] FIG. 3 is a sectional view of the capping wafer of FIG. 2
bonded to the LED wafer of FIG. 1;

[0004] FIG. 4 is a sectional view of a submount wafer and LED

wafer in FIG. 3 following flip-chip mounting;
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[0005] FIG. 5 is a sectional view of the capping wafer, submount
wafer, and LED wafer in FIG. 4 following grinding/polishing of

the capping wafer;

[0006] FIG. 6 is a sectional view of the capping wafer, submount

wafer and LED wafer in FIG. 5 following singulation;

[0007] FIG. 7 is a sectional view of another embodiment of an
LED wafer at a fabrication step in one method according to the

present invention;

[0008] FIG. 8 is a sectional view of the LED wafer of FIG. 7

after substrate removal and GaN surface etch;

[0009] FIG. 9 is a sectional view of one embodiment of a capping

wafer according to the present invention;

[0010] FIG. 10 is a sectional view of the capping wafer of FIG.
9 bonded to the LED wafer of FIG. 8; ‘

[0011] FIG. 11 is a sectional view of a submount wafer and LED

wafer in FIG. 10 following flip-chip mounting; and

[0012] FIG. 12 is a sectional view of the capping wafer,

submount wafer and LED wafer in FIG. 11 following singulation.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The present invention provides fabrication methods that
are particularly applicable to wafer level capping of
semiconductor devices such as LEDs. The present invention also
provides semiconductor devices, such as LEDs fabricated using

these methods, and related LED packages and LED arrays. The
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present invention provides for methods of making devices and
devices that can be surface mounted or can otherwise be wire-
bond free. A capping layer is mounted to the LED wafer and has
certain characteristics that can decrease the likelihood that
LEDs in the wafer or the other wafer layers of the structure
would be damaged during heat cycles. In some embodiments, the
capping layer has characteristics that reduce the 1likelihood
that the LEDs or other wafer layers will be damaged during the
thermal cycle of the LEDs being mounted to a package or
submount. This temperature cycle can heat the LEDs up to
approximately 300°C, which has been shown to introduce stresses

on layers having differing characteristics.

[0015] In one embodiment, the capping wafer (or layer) is bonded
to the LED wafer using an adhesive layer, and in some
embodiments the capping wafer may include a down-converter. In
some embodiments, the capping wafer is characterized as having a
coefficient of thermal expansion (“CfE”) that is close to that
of the LED layers in the LED wafer. This allows the capping
wafer and LED wafer to expand at similar rates during heat
cycles, which reduces the stress between the two. This in turn
reduces the damage to the LED wafer that might otherwise be
caused by the stresses. In other embodiments, the capping layer
can have a CTE that is close to that of the package or submountA
that the LED is mounted to. This also reduces the stresses
experience by the LED during the attachment thermal cycle.
After the capping wafer is bonded, final fabrication steps may
be applied to the unbonded surface of the LED wafer opposite the
capping wafer, such that the capping wafer acts as a robust,
mechanical support. It is notable that all fabrication steps

are completed at the wafer level prior to device singulation.
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[0016] 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. 1In
particular, the present invention is described below in regards
to capping LED wafers with a down-converter capping wafer/layer
that typically comprises a phosphor-loaded silicone coating, but
it is understood that the capping wafer may be coated with other
materials for down-conversion, protection, 1light extraction or
scattering. The capping material can also have a conversion
material mixed within it, instead of a conversion material
coating. The methods according to the present invention can also
be used for capping other semiconductor devices with different
materials. Additionally, single or multiple coatings and/or
layers can be formed on the capping wafer. A coating can
include no phosphors, one or more phosphors, scattering
particles and/or other materials. A coating may also comprise a
material such as an organic dye that provides down-conversion.
With multiple coatings and/or layers, each one can include
different phosphors, different scattering particles, different
optical properties, such as transparency, index of refraction,
and/or different physical properties, as compared . to other

layers and/or coatings.

[0017] LEDs can have many different semiconductor layers
arranged in different ways and can emit many different colors in
different embodiments according to the present invention. LED
structures, features, and their fabrication and operation are
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 organic

chemical vapor deposition (MOCVD). The layers of the LED chips
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generally comprise an active layer/region sandwiched between
first and second oppositely doped epitaxial layers, all of which
are formed succeséively on a growth substrate. LED chips can be
formed on a wafer and then singulated for mounting in a package.
It is understood that the growth substrate can remain as part of
the final singulated LED or the growth substrate can be fully or

partially removed.

[0018] Furthermore, LEDs may have vertical or lateral geometry
as is known in the art. Those comprising a vertical geometry
may have a first contact on a substrate and a second contact on
a p-type layer. An electrical signal applied to the first
contact spreads into the n-type layer and a signal applied to
the second contact spreads into a p-type layer. In the case of
Group-III nitride devices, it 1is well known that a thin
semitransparent current spreading layer typically covers some Or
all of the p-type layer. It 'is understood that the second
contact can include such a layer, which is typically a metal
such as platinum (Pt) or a transparent conductive oxide such as

indium tin oxide (ITO).

[0019] LEDs may also comprise a lateral geometry, wherein both
contacts are on the top of the LEDs. A portion of the p-type
layer and active region is removed, such as by etching, to
expose a contact mesa on the n-type layer. A second lateral n-
type contact is provided on the mesa of the n-type layer. The
contacts can comprise known materials deposited using known

deposition techniques.

[0020] It will be understood that when an element is referred to
as being “on”, “connected to”, “coupled to” or “in contact with”
another element, it can be directly on, connected or coupled to,

or in contact with the other element or intervening elements may
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be present. In contrast, when an element 1is referred to as
being “directly on,” “directly connected to”, "“directly coupled
to” or “directly in contact with” another element, there are no
intervening elements present. Likewise, when a first element is
referred to as being “in electrical contact with” or
“electrically coupled to” a second element, there is an
electrical path that permits current flow between the first
element and the second element. The electrical path may include
capacitors, coupled inductors, and/or other elements that permit
current flow even without direct contact between conductive

elements.

[0021] Although the terms first, second, etc. may be used herein
to describe various elements, components, regions, and/or
sections, these elements, components, regions, and/or sections
should not be limited by these terms. These terms are only used
to distinguish one element, component, region, or section from
another element, component, region, or section. Thus, a first
element, component, region, or section discussed below could be
termed a second element, component, region, or section without

departing from the teachings of the present invention.

[0022] 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 components 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
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as square or rectangular will typically have rounded or curved
features due to normal manufacturing tolerances. Thus, the
regions illustrated in the figures are schematic in natures 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.

[0023] FIGs. 1-6 show one embodiment of wafer level LED chips 10
manufactured using a method according to the present invention
with the series of figures showing the LED chips 10 at
. fabrication steps. That is, the LED chips 10 are shown in some
figures at a point where all the fabrication steps have not been
completed before being separated/singulated into individual LED
chips. The LED chips comprise LEDs, and for ease of description
and understanding the LEDs are shown as separate devices. It is
understood, however, that one or more of the LED layers can be
continuous so the LEDs can be provided in wafer form. Vertical
phantom 1lines (as shown in FIGs. 3-5) are included to show
separation or the dicing line between the LED chips 10 at a
later fabrication step. As further described below, this
separation or dicing can take place at different points in the

fabrication process.

[0024] FIGs. 1-6 also show only two devices at the wafer level,
but it is 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.

[0025] Each of the LEDs can have many different semiconductor
layers arranged in different ways. The fabrication and operation

of LEDs is generally known in the art and only briefly discussed
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herein. The layers of the LEDs can be fabricated using known
processes with a suitable process being fabrication using metal
organic chemical vapor deposition (MOCVD). The layers of the
LEDs generally comprise an active layer/region sandwiched
between first and second oppositely doped epitaxial layers 14,

16, all of which are formed successively on a substrate 12.

[0026] It is understood that additional layers and elements can
also be included in the LEDs, including but not 1limited 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. In one
embodiment, the first epitaxial layer 14 1is an n-type doped
layer and the second epitaxial layer 16 is a p-type doped layer,
although in other embodiments the first layer 14 can be p-type
doped and the second layer 16 can be n-type doped. The first
and second epitaxial layers 14, 16 are hereinafter referred to

as n-type and p-type layers, respectively.

[0027] The active region and layers 14, 16 of 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 gquaternary compounds
such as aluminum gallium nitride (AlGaN) and aluminum indium
gallium nitride (AlInGaN). In a preferred embodiment, the n- and
p-type layers 14, 16 are gallium nitride (GaN) and the active

region is InGaN. In alternative embodiments the n- and p-type
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layers 14, 16 may be AlGaN, aluminum gallium arsenide (AlGaAs)

or aluminum gallium indium arsenide phosphide (AlGaInAsP).

[0028] The growth substrate 12 can be made of many materials
such as sapphire, silicon carbide (SiC), aluminum nitride (AlN),
GaN, Si, with a suitable substrate 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 Group III nitrides than sapphire and results in Group ITI
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 substrate (as may be the case
with some devices formed on sapphire). SiC substrates 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. In the embodiment shown, the
substrate 12 is at the wafer level, with the plurality of LEDs

10 formed on the wafer substrate 12.

[0029] The substrate 12 can have different thicknesses. In an
optional processing step, the substrate 12 can also be thinned
or removed using known methods such as mechanical grinding,
etching, or laser-ablation to allow for easier and more reliable
singulating of the LED chips. This thinning or substrate removal
can also result in LED chips having the desired thickness. Note
that the substrate 12 depicted in FIG. 1 is no longer depicted
in FIGs. 3-7, as it has been removed according to one possible
embodiment. It 1is understood that the substrate 12 may

alternatively  Dbe thinned or untouched. In still other
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embodiments where the substrate 12 is made of a material that is
compatible with shaping, such as silicon carbide, the substrate

12 can include different shapes to enhance light extraction.

[0030] The present invention is particularly adapted for use
with LEDs arranged so both contacts are accessible from one
surface, such as with lateral geometry LEDs as shown. However,
it is understood that vertical geometry LEDs may also be used.
Lateral geometry devices are usually arranged with a split-level
electrode configuration with both electrodes on the top surface
of layers on different levels of the device. Thus, the
electrodes do not share a common surface but rather a common
top-side orientation with respect to the layers on which they
are disposed. Charge carriers move laterally through the
semiconductor layers for at least a portion of the current path
in response to a bias. Several variations of this common

geometry are known and used in the art.

[0031] Each of the LEDs can have first and second electrodes or
contacts 22a, 22b. In the embodiment shown, the first contact
22a is on the mesa of the p-type layer contact 20 and the second
contact 22b is in contact with the n-type layer contact 18. An
electrical signal applied to the first contact 22a spreads into
the p-type layer 16 and a signal applied to the second contact
22b spreads into the n-type layer 14. 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. In still other embodiments, the
contacts 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, 2nGa;0s, 2Zn0,/Sb, Gaz03/Sn,
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AgIn0O,/Sn, 1Iny03/Zn, CuAlO,, LaCuOS, 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 transparency, junction resistivity and sheet resistance.

[0032] It is understood that other LED structures and geometries
can be provided for use in the present invention with the
structures having contacts accessible from one surface. These
alternative embodiments can provide this access by utilizing
other conductive structures such as conductive vias, traces or

other conductive paths.

[0033] In the embodiment shown, the first contact 22a covers
substantially the entire p-type layer 16, and the second contact
covers a portion of the n-type layer 14. Since light is emitted
from the LED primarily through the substrate 12, the first and
second contacts 22a, 22b do not interfere with or reduce light
emission. In other embodiments, the first and second contacts
22a, 22b can cover less than or more of their respective
surfaces and other layers or structures can be included to
assist in current spreading across their surfaces. In one
possible embodiment, a thin current spreading layer can cover
some or all of the p-type layer 16 and n-type layer 14, which
can be transparent or semitransparent. Examples of these
materials include platinum (Pt) or a trénsparent conductive
oxide such as indium tin oxide (ITO), although other materials
can also be used. The first and second contacts 22a, 22b can
have varying thicknesses. In a preferred embodiment, the
electrodes/contacts 22a, 22b are substantially thick and
comprised of metal, and provide the primary mechanical support

for the LED chips 10 when/if the substrate 12 is thinned or
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removed and when/if the GaN surface is further fabricated such

as by etching.

[0034] Current spreading structures (not shown) can also be
included on the surfaces of the p-type or n-type mesa to improve
current spreading and 1injection from their contacts. The
current spreading structures can have many different forms, but
preferably comprises fingers of conductive material on the
surface of the LED contacting one of the contacts 22a, 22b. The
current spreading structures can be deposited wusing known
methods and can comprise the materials described above such as
Au, Cu, Ni, In, Al, Ag or combinations thereof and conducting
oxides and transparent conducting oxides. According to one
other possible embodiment, a filler material 24 may also be
provided to electrically isolate first and second contacts 22a,

22b.

[0035] FIG. 2 depicts a capping wafer or layer 26 (“capping
wafer”) with a desired refractive index, which will be bonded to
the LED wafer of LED chips 10. In some embodiments, the capping
wafer 26 comprises a transparent and robust layer 28, and a
phosphor coating or layer 30. In some embodiments, the
transparent layer 28 is substantially transparent to the light
emitted by the LED chips 10, the light from the phosphor coating
30, or both. It understood, however, that the transparent layer
need not be 100% transparent to light from the LED chip 10 and
phosphor coating 30. The capping wafer 26 can have a diameter
that is substantially similar to or larger than that of the LED
wafer, but it is wunderstood that the capping wafer can be
smaller than the diameter of the LED wafer and can take many
different shapes and sizes. Ideally, the capping wafer 26 is

pre-formed, and is bonded to the LED chips 10 at the wafer level
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to provide needed mechanical support during the latter stages of
device fabrication and when handling the completed devices after
they are singulated. As such, the capping wafer 26 can decrease
the chances of mechanical damage to the LED chips 10 through
fabrication, and increases the potential yield of wire-bond free
chips. This can reduce the overall cost of fabricating LED
chips. Moreover, the transparent layer 28 can have a CTE that
more closely matches the CTE of the LED wafer. The CTE for the
transparent layer 28 can fall into many different ranges. For
example, in some embodiments the capping wafer 26 may have a CTE
in the range of 2-25 ppm/°C, and in another embodiment it can
have a CTE in the range of 2-14 ppm/°C. In still other
embodiments it can have a CTE in the range of 13-20, 5-11, 7-9
or 2-5 ppm/°C, and in some embodiments it can have a CTE of

approximately 7.4 ppm/-°C.

[0036] In some embodiments, the transparent layer 28 can
comprise a material with a CTE that matches that of the package
(or submount shown for example as.element 36 in FIG.4) that the
LED is being mounted to. This reduces the stress that is
experienced with the layers of the LED chip during the
attachment thermal cycle, there reducing the likelihood that the
chip will experience damage during this cycle. These transparent
layers can have the same ranges of CTE as those described above,
including a CTE in the range of 2-14 ppm/°C in one embodiment,
and in another embodiment a CTE in the range of 5-11 ppm/°C. In
still other embodiments the can have a CTE in the ranée of 7-9

ppm/°C.

[0037] In some embédiments, the submount can comprise alumina,
which has a CTE of approximately 8 ppm/°C, while in other

embodiments the submount can comprise aluminum nitride (AlN),
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which has a CTE of approximately 5 ppm/°C. Both of these have an
acceptable CTE match for certain semiconductor materials, such
as GaN which has a CTE in the lateral direction of 5.6 ppm/°C.
For each of these submounts a capping wafer should have a
transparent layer 28 with a CTE that substantially matches the
CTE of the submount. In one embodiment, the CTE difference
should be 1less that 20%, and in other embodiments the CTE
difference should be less than 30%. In still other embodiments,
the CTE difference should be less than 40%. In one embodiment
the capping wafer 26 can comprise a glass transparent layer 28
and a silicone coating 30. Many different types can be used with
one embodiment of the transparent layer 28 comprising
commercially available glass such as Corning 0211 Borosilicate
Glass, which <can have a CTE of 7.4 ppm/°C. In other
embodiments, the layer 28 can comprise other materials, such as
sapphire, which has a CTE of 7-7.7 ppm/°C depending partially on
its crystal orientation. It is understood that many other

materials with different CTEs can also be used.

[0038] In other embodiments, the submount can comprise other
materials with different CTEs. In some embodiments, the submount
can comprise lower CTE materials such as silicon, which has a
CTE of approximately 2.5 ppm/°C. In these embodiments the
transparent layer 28 capping wafer 26 can have a CTE in the
range of 2-14 or 2-5 ppm/°C, while in other embodiments it can
have a CTE in the range of 2.5-3.5 ppm/°C. In one embodiment,
the transparent layer 28 can comprise low thermal expansion
borosilicate glass that can have a CTE of approximately 3.25
ppm/°C, but it is understood that many other materials with

different CTEs can also be used.
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[0039] In still other embodiments, the submount can comprise a
metal, such as Cu, having a higher CTE of 16.4 ppm/°C. In some
of these metal embodiments, the capping transparent layer 28 can
have a CTE in the range of 10-25 ppm/°C, while in other
embodiments the transparent layer can have a CTE in the range of
13-20 ppm/°C. In still other embodiments, the transparent layer
can have a CTE in the range of 15-17 ppm/°C. In some
embodiments, specialty glasses can be used for the transpérent
layer 28 having a CTE that is engineered. One such specialty
glass includes commercially available Advanced Ceramics Mexim C
ACL 2091, which can have an CTE of approximately 16.5 ppm/°C.
It is understood that many other materials with different CTEs

can also be used.

[0040] In some embodiments, the coating 30 may preferably
comprise a phosphor-loaded silicone, with the phosphor acting as
a down-converter for white-emitting 1light sources. It 1is
understood that colors other than white may be desired, or thét
the LED chip can have its own conversion material to cbnvert
light emitted from the LED chip. In these embodiments a down-
converter may not be necessary in the capping wafer and the
capping wafer acts mainly as a robust mechanical support.
However, by incorporating the down-converter as an element of
the pre-formed capping wafer 26 for white-emitting 1light

sources, the overall fabrication process can be simplified.

[0041] The silicone in the coating 30 can serve as and adhesive
between the capping wafer 26 and the LED chips 10. It is
understood however, that other embodiments can be provided
without the coating 3o0. In these embodiments, the transparent
layer 28 can be bonded directly to the LED chips 10 using

different processes such as heat or pressure to achieve bonding.
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In these embodiments, the transparent layer can be included with
our without a conversion material or phosphor, and in these
direct bonded embodiments a conversion material can be included

on other surfaces of the transparent layer 28.

[0042] While one embodiment of the c¢apping wafer 26 may
preferably be formed of glass with a silicone/phosphor coating,
it is understood that other materials are suitable according to
the present invention can be used for both. Beyond the
materials described above, the capping wafer 26 may also
comprise a single crystal phosphor sheet, sintered phosphors, or
a glass sheet filled with phosphor particles. Moreover, the
transparent portion of the capping wafer may alternatively
comprise any other suitable materials that can be mechanically
robust and capable of withstanding typical die attach processes
at high temperatures, with other possible materials including

SiC, GaN or ZnO.

[0043] The coating 30 can also comprise many different materials
beyond silicone, with the different materials preferably being
robust after curing and substantially transparent in the visible
wavelength spectrum. Suitable alternative materials silicones,
epoxies, spin-on glass, BCB, polymides and polymers, with the
preferred material being silicone Dbecause of its high
transparency and reliability in high power LEDs. A suitable
silicone is commercially available from Dow® Chemical under
silicone product number OE6665. In other embodiments, the
coating 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.

'S
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[0044] Many different phosphors can be used in the coating 30
according to the present invention. In one embodiment according
to the present invention LEDs can emit 1light in the blue
wavelength spectrum and the phosphor absorbs some of the blue
light and re-emits yellow. The LED can then emit a white light
combination of blue and yellow light. In one embodiment the
phosphor comprises commercially available YAG:Ce, although a
full range of broad yellow spectral emission is possible using
conversion particles made of phosphors based on the
(Gd, Y)3(Al,Ga)s012:Ce system. The following lists some additional
suitable phosphors used as conversion particles in LED chips,
although others can 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),Sq :Eu?**
Baz (Mg, Zn) Si,07: Eu®*
Gdo.465T0.31A11.230xF1.38: Eu®*g. 06
(Baj-x-ySryCay) Si0O4:Eu
Ba;Si0,4: Eu?*

RED
Lu,0;3:Eu®*

(Sra-xLax) (Cei-xEux) Oq4
SroCe1-xEuy,04
Sra_yEuxCeOy

SrTios: Pr3*,Ga’*
CaAlSiNs:Eu?*

Sr,SigNg:Eu?*
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[0045]) Different sized phosphor particles can be used including
but not limited to nanometer-sized particles to 20-30 micron
sized particles, or larger. Smaller particle sizes typically
scatter and mix colors better than larger sized particles to
provide a more uniform 1light. Larger particles are typically
more efficient at converting light <compared to smaller
particles, but emit a less uniform light. In one embodiment, the
particle sizes are in the range of 2-5 microns. 1In other
embodiments, the coating 30 can comprise different types of
phosphors or can comprise multiple phosphor coatings for
monochromatic or polychromatic light sources. The coating 30 can
also have different concentrations of phosphor materials, with a
typical concentration being in range of 30-70% by weight. In one
embodiment, the phosphor concentration is approximately 65% by
weight, and is preferably uniformly dispersed throughout the
binder. Still in other embodiments the coating can comprise
multiple 1layers of different concentrations of types of
phosphors, or a first coat of clear silicone can be deposited
followed by phosphor loaded layers. The coating can also include
elements to scatter or mix the light, including but not limited
to scattering particles. Furthermore, the surface of the coating
30 and or the transparent layer can be roughened or shaped to

enhance light extraction.

[0046] At least one advantage of pre-forming the capping wafer
26 is the ability to prescreen and/or tailor the down-converter
to closely match the LED wafer and the desired color point.
With regard to the phosphor coating, the coating may be grinded
to a desired thickness at the wafer level. Additionally, the
thickness of the conversion material <can be individually

tailored at each LED at the wafer level, which can occur either
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before or after the capping wafer and the LED wafer are bonded
together{, Moreover, the capping wafer is advantageous because
it may make any additional packaging unnecessary. As such, a
finished die with the capping wafer may serve as a final chip
scale package. This can reduce the overall cost and footprint

for lighting applications.

[0047] The thickness of the capping wafer 26 can range, for
example, from anywhere between 50-5000um, with a preferred range
of 100-1000pm. The capping wafer may initially be substantially
thicker prior to bonding it to the LED wafer, and then later be
grinded down or polished to a desired final thickness prior to
device singulation. For example, the transparent layer 28a of
wafer 26 in FIG. 5 is either ground down or polished (as seen in
comparison with the wafer .of FIG. 4) prior to device
singulation. Thicker wafers may be preferred during fabrication,
as they aid in the mechanical robustness of the device and
prevent bowing effects during fabrication, which can be
particularly problematic in larger diameter wafers. Also, light
is capable of escaping from the sidewalls of the capping wafer
26, which is advantageous at least in that it allows for thicker
wafers. This may allow for better efficiency in applications
where the wire-bond free chips are not subject to additional

packaging.

[0048) FIG. 3 shows capping wafer 26 bonded to LED chips 10
using an adhesive layer 38. Preferably, a thin, transparent
adhesive layer 38 with a desired refractive index is used, with
one possible suitable material being silicone. However, it is
understood that other suitable materials may also be used, with
materials preferably being robuét after curing and substantially

transparent in the visible wavelength spectrum. Suitable
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materials include many of those used in the coating 30,
including but not limited to silicones, epoxies, glass,
inorganic glass, spin-on glass, dielectrics, BCB, polymides,
polymers and hybrids thereof, with the preferred material being
silicone because of its high transparency and reliability in
high power LEDs. Suitable phenyl- and methyl-based silicones are
commercially available from Dow® Chemical. 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.

[0049] The capping wafer 26 helps to minimize the thermal stress
inflicted on the LED wafer while the two wafers are bonded
together. After the capping wafer 26 and LED chips 10 are
bonded, final fabrication steps such as mesa etch,
planarization, and/or metallization can be applied to the
unbounded surface of the LED chips 10 Qpposite the capping wafer
26. In this way, the capping wafer 26 may act as a robust
mechanical support for the LED chips 10, thus 1limiting any
potential damage to the otherwise delicate chips that may occur

during fabrication.

[0050] In some embodiments, the capping wafer 26 and LED chips
10 bonded together as shown in FIG. 3 comprises the completed
wafer level processing, with the phantom lines showing the
separation or singulation lines between the primary finished
product. To make the finished LED chips of FIG. 3 into usable
LED components, the LED chips can be flip-chip mounted (i.e.
wire bonded) onto conventional packages or submounts (or printed
circuit boards). By mounting a capping wafer to the LED chips

prior to singlulation, and by choosing a transparent layer
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material with a CTE as described above to match the
package/submount, the LED chips can be reliably flip-chip
mounted with little or no damage to the LED chips. Accordingly,
the capping wafer can increase the yield of LED chips that are
singulated and flip-chip mounted according to the present
invention. In other embodiments, the LED chips wafer can be
flip-chip mounted to the package/submount, but this can have
result in end devices having a submount that is the same size as

the LED and adds an additional attach step.

[0051] When fabrication of the LED chips 10 is complete, each
LED chip may comprise portions of submount wafer 36, with the
LEDs flip-chip mounted to it. The submount wafer 36 in FIGs. 4-
5, like the LEDs above, is shown at a wafer 1level of the
fabrication process. As described above, phantom lines are
included to show separation or the dicing line at the submount
wafer 36 for the individual LED chips 10. When fabrication is
complete and the LED chips 10 are singulated, each of the LED
chips will have a portion of the submount wafer 36 as shown in
FIG. 6. For example, the submount wafer 36 can be sized for
fabricating LED chips having a 1 millimeter (mm) square size,

and can provide submount portions for up to 4500 LED chips.

[0052] The submount wafer 36 can be made of many different
materials such as those described above and can include
conducting or semiconducting materials or insulating materials.
Some suitable materials include ceramics such as alumina,
aluminum oxide,. aluminum nitride or polymide. In other
embodiments the submount wafer can comprise a printed circuit
board (PCB), sapphire or silicon, silicon carbide, or any other
suitable material, such as commercially available T-Clad thermal

clad insulated substrate material.
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[0053] A dielectric layer (not shown) may be included on the
surface of the submount wafer 36. The dielectric layer
electrically insulates the wafer 36 such that electrical signals
on the surfaces of the submount wafer 36 do not spread into the
submount wafer 36. This prevents the signals being applied to n-
and p-type contacts 22a, 22b from shorting through the submount
wafer 36. Different materials can be used for the dielectric
layer, with suitable materials being silicon nitride or silicon
oxide. For submount wafers made of an insulating material such
as ceramic, it may not be necessary to include a dielectric

layer for electrical isolation.

[0054] Referring now to FIG. 4, the LEDs in wafer form are flip-
chip mounted to the submount wafer 36. Flip-chip mounting 1is
generglly known in the art and only briefly discussed herein.
The LEDs are mounted to the submount wafer 36 by a layer of
conductive bond material 32, 34, which is typically one or more
bond/metal layers such as solder. The bond material 32, 34 may
also be made of a material that reflects light. This reflective
property can improve the emission efficiency of an LED chip. In
other embodiments, reflectors can be included in many different
locations to provide the desired reflective properties. It is
understood that the submount wafer 36 can be made of many
different materials, such as those described above 1in the

discussion of CTE for desired materials.

[0055] Referring now to FIG. 6, the individual LED chips 10 can
be singulated wusing known methods such as dicing, scribe,
breaking, cleaving or etching. This generally comprises cutting
through the capping wafer 26 and the submount wafer 36 between
LEDs either from the bottom through the submount wafer first or

the top through the capping wafer 26 first. The singulating
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process separates each of the LED chips 10 with each having
substantially the same thickness of capping wafer 26, and as a
result, substantially the same amount of mechanical support as
well as phosphor and emission characteristics. This allows for
reliable and consistent fabrication of LED chips 10 having

similar characteristics.

[0056] Following singulating, the LED chips 10 can be mounted in
a package, or to a submount or printed circuit board (PCB)
without the need for further processing to add phosphor. A
conventional encapsulation can then surround the LED chip. In
another embodiment, the LED <chip can be enclosed by a
hermetically sealed cover with an inert atmosphere surrounding

the LED chip at or below atmospheric pressure.

[0057] The LED chip 10 can be surface mounted in a package
without the use of wire bonds to apply an electrical signal. In
particular, there is no wire bond to the top surface of LED chip
10- for applying an electrical signal, which leaves an
unobstructed top surface. Accordingly, a package utilizing the
LED chip 10 can have secondary optics directly mounted on the
top surface without the need for compensating for wire bonds or
other structures. This can simplify fabrication of the LED
package by not having an intermediate layer between to cover the
wire bonds before mounting the secondary optics or by not having
other features such as reflective cups that allow for the
secondary optics to be mounted above the LED chip with a space

for the wire bonds.

[0058]) It is understood that in other embodiments, the LED
chips’ 10 growth substrate can be removed after (or before)
flip-chip bonding, with the substrate removed using known

grinding and/or etching processes. In other embodiments, the
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growth substrate or at least portions thereof remain. The
growth substrate or the remaining portions can be shaped or

textured to enhance light extraction from the LEDs.

[0059] FIGs. 7-12 show another possible embodiment of wafer
level LED chips 40 with the series of figqres showing the LED
chips 40 at fabrication steps. The LED chips comprise LEDs, and
as above, for ease of description and understanding the LEDs are
shown as separate devices. Vertical phantom lines (as shown in
FIGs. 10-11) are included to show separation or the dicing 1line
between the LED chips 40 at a later fabrication step. Moreover,
while FIGs. 7-12 show only two devices at the wafer level, it is
understood that many more LED chips can be formed from a single

wafer.

[0060] The layers of the LEDs generally comprise an active
layer/region sandwiched between first and second oppositely
doped epitaxial layers 44, 46, all of which are formed
successively on a substrate 42. As described above, it is
understood that additional 1layers and elements can also be
included in the LEDs. In one embodiment, the first epitaxial
layer 44 is an n-type doped layer and the second epitaxial layer
46 is a p-type doped layer, although in other embodiments the
first layer 44 can be p-type doped and the second layer 46 can
be n-type doped. The first and second epitaxial layers 44,'46
are hereinafter referred to as n-type and p-type layers,

respectively.

[0061] The substrate 42, active region and layers 44, 46 of the
LEDs may be fabricated from different material systems as
described above. Additionally, as described above with
substrate 12, substrate 42 can have different thicknesses. In an

optional processing step, the substrate 42 can also be thinned
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or removed using known methods such as mechanical grinding,
etching, or laser-ablation to allow for easier and more reliable
singulating of the LED chips. This thinning or substrate
removal can also result in LED chips having the desired
thickness. Note that the substrate 42 depicted in FIG. 7 is no
longer depicted in FIGs. 8-12, as it has been removed according
to one possible embodiment. It is understood that the substrate
42 may alternatively be thinned or untouched. In still other
embodiments where the substrate 42 is made of a material that is
compatible with shaping, such as sapphire, the substrate 42 can

include different shapes to enhance light extraction.

[0062] This particular embodiment is adapted for use with LEDs
arranged so both contacts are accessible from one surface, such
as with lateral geometry LEDs as shown. However, it 1is
understood that vertical geometry LEDs may also be used. Each
of the LEDs can have first and second electrodes or contacts
52a, 52b. In the embodiment shown, the first contact 52a is in
contact with the p-type layer 46, and the second contact 52b is
in contact with the n-type layer contact 44 by way of vias 48.
An electrical signal applied to the first contact 52a spreads
into the p-type layer 46 and a signal applied to the second
contact 52b spreads into the n-type layer 44.

[0063] It is understood that other LED structures and geometries
can be provided for use in the present invention with the
structures having contacts accessible from one surface. These
alternative embodiments can provide this access by utilizing
other conductive structures such as conductive vias, traces or

other conductive paths.

[0064] As described above, the first and second contacts 52a,

52b can cover less than or more of their respective surfaces and
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other layers or structures can be included to assist in current
spreading across their surfaces. Moreover, the first and second
contacts 52a, 52b can have varying thicknesses. In a preferred
embodiment, the electrodes/contacts 52a, 52b are substantially
thick and comprised of metal, and provide the primary mechanical
support for the LED chips 40 when/if the substrate 42 is thinned
or removed and when/if the GaN surface is further fabricated

such as by etching.

[0065] FIG. 9 depicts a capping wafer 56 with a transparent
layer 58 and a layer 60 comprising a down-converter, with wafer
56 similar to capping wafer 26 described in detail above. As
shown in FIG. 10, the capping wafer 56 1is bonded to the LED
wafer of LED chips 40 (as shown in FIGs. 7 and 8) using an
adhesive 62 similar to adhesive 38 described above. After the
capping wafer 56 and LED chips 40 are bonded, final fabrication
steps such as mesa etch, planarization, and/or metallization can
be applied to the unbounded surface of the LED chips 40 opposite
the capping wafer 56.

[0066] When fabrication of the LED chips 40 is complete, each
LED chip may comprise portions of submount wafer 68 (similar to
wafer 36 above), with the LEDs flip-chip mounted to it. The
submount wafer 68 in FIGs. 11-12, like submount‘wafer 36 shown
in FIGs. 4-6 and described above, is shown at a wafer level of
the fabrication process. As described above, phantom lines are
included to show separation or the dicing line at the submount
wafer 68 for the individual LED chips 40. When fabrication is
complete and the LED chips 40 are singulated, each of the LED
chips will have a portion of the submount wafer 68 as shown in

FIG. 12.
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[0067] Referring now to FIG. 11, the LEDs in wafer form are
flip-chip mounted to the submount wafer 68. The LEDs are
mounted to the submount wafer 68 by a layer of conductive bond
material 64, 66, which is typically one or more bond/metal

layers such as solder.

[0068] Referring now to FIG. 12, the individual LED chips 40 can
be singulated using known methods as described above. Following
singulating, the LED chips 40 can be mounted in a package, or to
a submount or printed circuit board (PCB) without the need for
further processing to add phosphor. A conventional encapsulation
can then surround the LED chip. The LED chip 40 can be surface
mounted in a package without the use of wire bonds to apply an

electrical signal.

[0069] Referring now to FIGs. 7-8, the LED chips" 40 growth
substrate 42 can be partially or totally removed, with portions
of or the entire substrate removed using known grinding and/or
etching processes. Additionally, portions of the n-type layer 44
(or various layers according to other contemplated embodiments)
can be shaped or textured as shown at top surface 54 to enhance

light extraction from the LEDs.

[0070] The LED chips have been described above as being adapted
for mounting in packages utilizing a single LED chip. It is
understood, however, that the LED chips according to the present
invention can be arranged in arrays of LED chips, with the array
having LED chips that are structurally the same or similar and
emit light at the same or similar wavelengths of 1light.
Alternatively, the LED chips can be structurally different or
can emit different wavelengths of light. In some embodiments,
the LED chips can be electrically interconnected so that they

emit light in response to one electrical signal that 1is
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conducted to all the LEDs chips in the array. In other
embodiments emission the LEDs <chips <can be individually
controlled by respective signals to <control the emission
intensity of each of the LED chips. This in turn can control the
emission intensity of the LED array, and in arrays having LED
chips emitting different colors of light, this can control the

intensity and emission color of the overall array.

[0071] While several illustrative embodiments of the invention
have been shown and described, numerous variations and alternate
embodiments will occur to those skilled in the art. Such
variations and alternate embodiments are contemplated, and can
be made without departing from the spirit and scope of the

invention as defined in the appended claims.



WO 2011/136837 PCT/US2011/000381
33

WE CLAIM:

1. A method for fabricating light emitting diode (LED) chips,
comprising:

pre-forming a capping wafer, said capping wafer comprising
a conversion material;

fabricating a wire-bond free LED wafer comprising a
plurality of LEDs;

bonding said capping wafer to said LED wafer using an
adhesive; and ’

singulating said LED chips upon the completion of all final

fabrication steps.

2. The method of «claim 1, further comprising flip-chip
mounting said LED wafer on a surface of a submount wafer prior

to said singulating.

3. The method of claim 1, wherein said capping wafer comprises

a transparent layer and a coating comprising said conversion

material.
4, The method of claim 3, wherein said transparent layer has a
coefficient of thermal expansion (CTE) that substantially

matches the CTE of said LED wafer.

5. The method of claim 3, further comprising mounting said LED
chips to a submount, wherein said capping wafer comprises a
transparent layer and a coating comprising said conversion
material, wherein said transparent layer has a coefficient of
thermal expansion (CTE) that substantially matches the CTE of

said submount.
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6. The method of claim 3, wherein said conversion material
comprises one or more of a silicone layer with dispersed
phosphor particles, a single crystal phosphor sheet, sintered

phosphors, or a glass sheet filled with phosphor particles.

7. The method of claim 1, wherein said adhesive is

substantially transparent and applied in a thin layer.

8. The method of claim 7, wherein said adhesive comprises
silicone.
9. The method of claim 1, wherein said capping wafer keeps

said adhesive flat during curing, and further minimizes thermal

stress on said LEDs.

10. The method of claim 1, wherein said capping wafer acts as a

robust mechanical support for said LED chips.

11. The method of claim 1, wherein said capping wafer may be

grinded down or polished prior to said singulation.

12. The method of claim 1, wherein said final fabrication steps
comprise one or more of mesa etch, planarization, or

metallization.

13. The method of claim 2, wherein at 1least some of said
singulated LED chips comprise an LED, a portion of said capping

wafer, and a portion of said submount wafer.

14. The method of claim 1, wherein said LED chips emit white

light.
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15. The method of claim 1, wherein said LEDs have a lateral
geometry and comprise n- and p-type layers, and further comprise
first and second contacts on said n- and p-type layers

respectively.

16. The method of claim 14, wherein one or more of said n- or

p-type layers is shaped or textured.

17. The method of claim 1, wherein said LEDs are provided on a

growth substrate.

18. The method of claim 17, further comprising removing at
least a portion of said growth substrate prior to bonding said

capping wafer.

19. The method of claim 17, wherein said substrate is shaped or

textured.

20. The method of claim 1, wherein said capping wafer comprises

multiple layers with different compositions.

-21. The method of claim 1, further comprising mounting one of
said LED chips to a second submount or printed circuit board

(PCB) .

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

a submount wafer;

a plurality of LEDs flip-chip mounted on said submount
wafer; and '

a capping wafer bonded to said LED chip wafer using an

adhesive, said capping wafer comprising a conversion material,
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said capping wafer further a material acting as a robust
mechanical support for said LEDs;

wherein at least some of the light emitted from said LEDs
passes through said capping wafer where at least some of said
light is converted by said conversion haterial;

wherein said LEDs are capable of being singulated.

23. The LED chip wafer of claim 22, wherein the coefficient of
thermal expansion for said robust mechanical support material is
substantially the same as the CTE for the material comprising

the LEDs in said LED chip wafer.

24. The LED chip wafer of claim 22, wherein the coefficient of
thermal expansion for said robust mechanical support material is
substantially the same as the CTE of the material comprising

said submount wafer.

25. The LED chip wafer of claim 22, wherein there is less than
a 40% difference in the coefficient of thermal expansion for
said robust mechanical support material compared to the CTE of

the material comprising the LEDs in said LED chip wafer.

26. The LED chip wafer of claim 22, wherein there is less than
a 40% difference in the coefficient of thermal expansion for
said robust mechanical support material compared to the CTE of

the material comprising the submount wafer.

27. The LED chip wafer of claim 22, wherein there is less than
a 30% difference in the coefficient of thermal expansion for
said robust mechanical support material compared to the CTE of

the material comprising the LEDs in said LED chip wafer.
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28. The LED chip wafer of claim 22, wherein there is less than
a 30% difference in the coefficient of thermal expansion for
said robust mechanical support material compared to the CTE of

the material comprising the submount wafer.

29. The LED chip wafer of claim 22, wherein the thickness of
the conversion material can be individually tailored at each LED
at the wafer level either before or after said capping wafer and

said LED wafer are bonded together.

30. The LED chip wafer of claim 29, wherein said conversion

material comprises phosphor.

31. The LED chip wafer of claim 22, wherein at least some of

said LEDs have lateral geometry.

32. The LED chip wafer of claim 22, wherein said submount wafer

is capable of being separated into LED chips.

33. The LED chip wafer of claim 22, wherein said capping wafer

has a uniform thickness above said LEDs.

34. The LED chip wafer of claim 22, wherein said LEDs are made

of materials from the Group-III nitride material system.

35. The LED chip wafer of claim 22, wherein said LEDs are

interconnected in an LED array.

36. The LED chip wafer of claim 22, capable of emitting white
light from said LEDs and capping wafer.
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37. The LED chip wafer of claim 22, wherein said wherein said

robust support material comprises a transparent material.

38. The LED chip wafer of claim 37, wherein said transparent
material comprises one or more of glass, SiC, sapphire, GaN, or
ZnO, and said conversion material comprises one or more of a
silicone layer with dispersed phosphor particles, a single
crystal‘ phosphor sheet, sintered phosphors, or a glass sheet

filled with phosphor particles.

39. The LED chip wafer of claim 22, wherein said adhesive is
substantially transparent, applied in a thin layer, and

comprises silicone.

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

a wire-bond free LED;

a capping wafer bonded to said LED using an adhesive, said
capping wafer serving as a mechanical support for said LED chip;
and

a conversion material integrated in said capping wafer,
said conversion material converting at least some of the light

emitted from said LED.

41. The LED chip of claim 40, wherein said capping wafer is
continuous over the top surface of said LED and has a

substantially uniform thickness.

42. The LED <chip of <claim 40, emitting a white 1light
combination of LED 1light and 1light from said conversion

material.
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43. The LED chip of claim 40, further comprising a submount,

said LED flip-chip mounted on said submount.

44. The LED chip of claim 40, wherein said capping wafer
comprises:

a transparent portion; and

a layer comprising said conversion material;

wherein said transparent portion comprises one or more of
glass, SiC, sapphire, GaN, or ZnO, and said conversion material
comprises one or more of a silicone layer with dispersed
phosphor particles, a single crystal phosphor sheet, sintered

phosphors, or a glass sheet filled with phosphor particles.

45. The LED chip of claim 40, wherein said adhesive comprises

silicone.
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