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(57) Abstract: A composite substrate for laser devices is disclosed having improved wave guiding properties, improved lattice
matching, improved thermal expansion matching, and improved thermal conductivity. The composite substrate has an intermedi-
ate layer (110) formed on a support substrate (102), and a seed layer (120) formed on the intermediate layer. An active device lay-
er (124) is grown or attached to the seed layer, or to a light confinement layer on the seed layer. The intermediate layer may be
formed directly on the support layer, or may be formed by thinning an attached watfer of the intermediate material, which is then
thinned to a desired thickness.
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METHOD OF FORMING A COMPOSITE LASER SUBSTRATE

Claim of Priority
This patent application claims the benefit of priority, under 35 U.S.C.
Section 119(e), to Chantal Arena, U.S. Provisional Patent Application Serial
Number 61/194,420, entitled "METHOD OF FORMING A COMPOSITE
LAYER SUBSTRATE," filed on September 26, 2008 (Attorney Docket No.
2817.001PRV). U.S. Provisional Patent Application Serial Number 61/194,420

is incorporated herein by reference.

Technical Field
This disclosure relates generally to semiconductor devices and device
fabrication, and more specifically to composite substrates for light emitting

devices such as diode lasers, and methods of forming composite substrates.

Background

Known methods of forming light emitting devices, such as light emitting
diodes (LEDs) and semiconductor lasers diodes, may include the use of periodic
table of elements column III materials such as aluminum (Al), gallium (Ga) and
indium (In). Nitrogen (N) is a column V material, and nitride compounds of
column III materials may be semiconductive, may be known as II-nitrides, and
may be used in light emitting device formation.

Such IlI-nitride materials may be formed on solid support substrates,
such as sapphire (A1;O3) or silicon carbide (SiC), which may be known as
semiconductor on insulator substrates. Sapphire may be the most widely used
support material, but may have an issue with crystal lattice parameter mismatch
with the III-nitride materials, which may in turn cause physical and electrical
problems, such as crystal defects, strain and layer separation. Sapphire may also
have a thermal mismatch issue with the III-nitride material, which may be
known as a coefficient of thermal expansion (CTE) issue. Sapphire also has a
relatively low thermal conductivity which may lead to thermal reliability issues

in operational devices and higher long term failure rates. Silicon carbide support
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substrates may have better thermal conductivity compared to sapphire, and thus
may use simpler device packaging methods, but SiC nonetheless has CTE and
lattice mismatch issues with the IlI-nitride materials. The use of a support
material such as a free standing (FS) GaN wafer or a GaN template (e.g. GaN on
sapphire), which as III-nitride materials may have a better lattice match with the
single crystal III-nitride materials of the light emitting device and may result in
superior device yields and function. However, GaN is relatively expensive
whether used as a free standing (FS) wafer or formed on a substrate (i.e., a
template).

Present IlI-nitride laser devices may use a light confinement layer located
between the support substrate and the active laser device layer to improve the
efficiency of light coupling in the laser diode to the light emission active
location. The light confinement layer may be a relatively thick layer (for
example 500 nm) of aluminum gallium nitride (AlGaN) since the difference in
refractive index (An) between the AlGaN and the active device material used in
the multi-quantum well may maximize the confinement factor (I'). An example
of an active device layer may include layers of indium gallium nitride
interleaved with layers of gallium nitride (i.e., InGaN/GaN), to form a multiple
quantum well structure. However, the lattice match between an AlGaN light
confinement layer and either the GaN or the InGaN layers of the active device
may not be sufficient for acceptable operation and yield.

The above noted issues of expensive support substrates, thermal and
lattice mismatch between support substrates and the III-nitride materials of the
light confinement layer and active light emitting layers, may decrease the
fabrication yield, increase the cost, and prevent widespread acceptance of I1I-

nitride based optical emission devices such as laser diodes.

Brief Description of the Drawings
Fig. 1 illustrates a composite substrate formed according to various
embodiments of the invention;
Fig. 2 illustrates a composite substrate formed according to various
embodiments of the invention;
Fig. 3 illustrates a composite substrate formed according to various

embodiments of the invention;
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Fig. 4 illustrates a composite substrate formed according to various
embodiments of the invention;

Fig. 5 illustrates a simplified block diagram of a controller coupled to an
electronic device, according to various embodiments of the invention; and

Fig. 6 illustrates an electronic system having devices formed in

accordance with various embodiments of the invention.

Detailed Description

The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific aspects and embodiments in which the
present invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the present
invention. Other embodiments may be utilized and structural, logical, and
electrical changes may be made without departing from the scope of the present
invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to
form new embodiments.

The terms “wafer” and “substrate” as used in the following description
may include any structure having an exposed surface with which to form optical
emission devices, photovoltaic devices, diodes, transistors, integrated circuit (IC)
structures, or passive devices such as resistors and capacitors. The term
“substrate” is understood to include semiconductor wafers. The term “substrate”
is also used to refer to semiconductor structures during processing, and may
include other layers that have been fabricated thereupon. Both “wafer” and
“substrate” include doped and undoped semiconductors, epitaxial semiconductor
layers supported by a base semiconductor or insulator, polycrystalline and
amorphous materials, as well as other semiconductor structures well known to
one skilled in the art. The term “conductor” is understood to generally refer to
materials that allow electrical signals to propagate, and include n-type and p-type
semiconductors. The term “insulator” or “dielectric” is defined to include any
material that is less electrically conductive than the materials referred to as
conductors or as semiconductors.

The term “horizontal” as used in this application is defined as a plane

parallel to the conventional plane or surface of a wafer or substrate, regardless of
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the orientation of the wafer or substrate. The term “vertical” refers to a direction
perpendicular to the horizontal as defined above. Prepositions, such as “on”,
“side” (as in “sidewall”), “higher”, “lower”, “over” and “under’ are defined with
respect to the conventional plane or surface being on the top surface of the wafer
or substrate, regardless of the orientation of the wafer or substrate. The
following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended claims,
along with the full scope of equivalents to which such claims are entitled.

Fig. 1 shows a composite substrate 100 and a method for forming the
substrate. A support substrate 102 may be formed of aluminum nitride (AIN),
aluminum gallium nitride (AlGaN), sapphire, silicon (Si), gallium nitride (GaN),
neodymium gallate, lithium gallate, and silicon carbide (SiC). The support
material may be crystalline, polycrystalline, amorphous or a ceramic. Ceramic
AIN or polycrystalline AIN (p-AIN) may be formed by tape casting, hot
pressing, sintering, or other methods known in the art.

Considerations for selecting the material and method for forming a
support substrate 102 for use in light emitting devices and systems may concern
the roughness and the coefficient of thermal expansion (CTE) of the support
substrate. Surface roughness has a significant effect on the optical, physical and
electrical properties of the active device layer and the light confinement layer,
and the resulting operating characteristics of the device. The surface of the
support substrate 102 may be polished after formation to provide an atomically
flat front surface to reduce these problems. The use of p-AIN as support
substrate 102 may have a CTE of about 4.4 x10%/°K, which may match certain
ITI-nitride materials such as GaN, and thus provide reduced thermal stress and
strain on the composite substrate 100. The difference in CTE between the
support substrate and the material forming the active device layer may be
selected to either be small and substantially similar to prevent stress, or selected
such that the active devices are under a slight compressive strain at a normal
operating temperature range. The support substrate 102 may have a thermal
conductivity value of about 100 watts per meter degree Kelvin (100W/mK) or
greater.

The support substrate 102 may have an intermediate layer 110 formed on

the flat front surface. The intermediate layer may be formed of a high thermal
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conductivity oxide material having a value of about 100 watts per meter degree
(100W/mK) or greater to provide sufficient heat removal during operation, an
optical refractive index value that is less than the refractive index value of the
material used for the device structure to improve light confinement, and a CTE
value in the range of the material used in the support substrate 102 and the
device structure 124 to reduce thermal induced stress and strain. An illustrative
refractive index for intermediate layer 110 may be approximately 2.1 at a
wavelength of approximately 400nm. The intermediate layer 110 material may
also have at least one surface having a roughness value and purity value
sufficient for bonding to the support substrate 102 and a seed layer 120. The
intermediate layer 110 may also be bonded to device structure layer 124.
Materials that may have the desired properties include zinc oxide (ZnO), indium
tin oxide (ITO), tin oxide (Sn;0), indium oxide (In,0s), and other conducting
transparent oxides. The intermediate layer 110 may have a selected thickness.
The intermediate layer 110 may start as a wafer of ZnO 104 (or any other
optically transparent material having high thermal conductivity, and a lower
index of refraction than the active region) having a greater thickness than the
selected thickness, and may be directly bonded to support substrate 102 without
the use of bonding agents. Bonding agents, such as silicon oxides or silicon
nitrides, may have low thermal conductivity as compared to ZnO, which may
result in greater heat buildup in the device during operation as compared to
direct intermediate layer bonding.

Obtaining an intermediate layer having the selected thickness may
include an ion implantation 106 of ions having an energy selected to form a
weakened region 108 inside the zinc oxide 104. Ions may include hydrogen or
helium having an energy selected to cause damage at the selected depth forming
a weakened region 108 inside the zinc oxide material 104. The intermediate
layer may be formed by fracturing the zinc oxide wafer 104 at the weakened
region 108 to form an intermediate layer 110 having the selected thickness, and a
remaining portion of the intermediate material wafer 112, which may be
subsequently used to form additional layers such as 110. Fracturing zinc oxide
wafer 104 to form intermediate layer 110 and remainder wafer 112 may occur
either before or after bonding to the support substrate 102. Fracturing may occur

by application of mechanical stress, thermal stress, electrostatic stress, laser
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irradiation, or combinations. Other methods of forming an intermediate layer
110 on the support substrate 102 include the shown direct bonding method,
indirect bonding with adhesion layers, chemical vapor deposition, spin coating
liquid materials, molecular beam epitaxy, pulsed laser deposition and physical
vapor deposition methods such as sputtering and evaporation.

The intermediate layer 110 having the selected thickness on the support
substrate 102 may have a seed material layer with a selected thickness formed on
a surface opposite the support substrate 102. Seed material wafer 114, which
may be formed of III-nitrides such as gallium nitride (GaN), indium gallium
nitride (InGaN), or aluminum gallium nitride (AlGaN), and may be polar, non-
polar or semi polar. In a polar material the surface may be either Ga-polar or N-
polar, with the opposite surface the opposite polarity. The seed material may
have a sufficient surface quality of less than 5X10® dislocations per cm” of
surface area.

Obtaining the seed layer may include a free standing GaN wafer 114, an
lon implantation 116 of ions having an energy selected to cause a damaged
weakened region 118 inside the wafer 114 at the selected thickness. The seed
GaN wafer 114 may be bonded to the intermediate layer 110, and then fractured
to produce the seed layer 120 and a remaining wafer 122, or fractured first and
then bonded to the intermediate layer 110 if the selected thickness is sufficient to
allow handling. The remaining wafer 122 may be implanted to form additional
layers similar to seed layer 120 for other devices. The GaN seed layer may have
a thermal conductivity value of approximately 100 watts per meter degree K
(100W/mK) or greater.

The composite substrate comprising support substrate 102, intermediate
layer 110 and seed layer 120 may now have the device layer 124 formed to
complete the optoelectronic device. A device layer may be formed of multi
quantum well structures using IlI-nitride materials. The surface of the seed layer
120 may be selected to be either Ga-polar or N-polar by selected the desired
polar face of the seed wafer 114 for the ion implantation. If the Ga-polar surface
is desired for growth of the device layer 124, then the N-polar surface may be
ion implanted and the fracture surface will be the Ga-polar surface.

Alternatively, the fractured layer may be inverted prior to bonding to the
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intermediate layer 110 to obtain the desired surface. The Ga-polar face may be
preferred for bonding to the device layer 124 for improved device quality.

Fig. 2 shows a composite substrate 200 and an alternative method for
forming the composite substrate. This method shows the attachment of an
intermediate material wafer to the substrate and then thinning the intermediate
material to the selected thickness by either fracturing the intermediate material to
form a remaining wafer or by polishing the intermediate material to remove the
excess material.

A support substrate 202 may be directly bonded to an intermediate
material 204 such as ZnO. In a first embodiment, the intermediate material 204
may be ion implanted 206 to form a weakened region at a selected distance 208
within the intermediate material 204 prior to the bonding, and then the
intermediate wafer 204 may be fractured to form the intermediate layer 210 and
a remaining wafer 212. In an alternative embodiment, the non implanted wafer
204 may be bonded to the support substrate 202 and then thinned by a
combination of one or more etching, polishing and grinding processes until the
remaining thickness is the selected distance 208 to form the intermediate layer
210 on the support substrate 202.

A seed layer may be attached to the intermediate layer 210 by ion
implanting 216 the seed wafer 214 to form a weakened region at a selected
distance 218, then bonding to the intermediate layer 210 and fracturing the seed
wafer to form the seed layer 220 and a remaining seed wafer 222. Alternatively,
the non implanted seed wafer 214 may be directly bonded to the intermediate
layer 210 and polished, etched or ground to remove the excess seed material to
form the seed layer 220 having a selected thickness. In certain embodiments the
opposite polarity surface of the seed wafer from that desired for the surface of
the active device 214 is bound to the intermediate layer 210, e.g. the N-polar
surface of a seed wafer is bound to a ZnO intermediate layer to leave an exposed
Ga-polar seed surface, which in turn results in a Ga-polar active device.

Alternatively, the intermediate layer 210 may be directly bonded to the
seed layer 220, and then the combination intermediate/seed layer may then be
directly bonded to the support substrate 202. The composite substrate may now
be ready for formation of the active device layer 224. In an alternative method,

the intermediate layer 210 may be bonded to the device layer 224 without the
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seed layer. Alternatively, the bonding may include the use of a thin dielectric
layer, such as oxide or nitride, to improve the bonding strength.

Fig. 3 shows a composite substrate 300 and an alternative method for
forming the composite substrate. An intermediate material wafer 304, for
example ZnO, may be ion implanted 306 to form a weakened region at a selected
depth 308. The intermediate wafer 304 may be directly bonded to a free
standing III-nitride seed material wafer 314. Alternatively, a bonding material,
such as a thin dielectric layer, may be used to improve bond adhesion. The
intermediate material wafer 304 may be fractured along the weakened region to
form intermediate layer 310 having a selected thickness and a remaining portion
312.

The seed material wafer 314 may be ion implanted 316 through the
selected thickness of the intermediate layer 310 to form a weakened region at a
selected depth 318 within the seed material wafer 314. The energy of the
implanted ions may be selected to create damage at the selected location by
increasing the energy to compensate for the increased amount of material to be
penetrated, as represented by the intermediate layer 310. The combined
intermediate layer and seed material structure may be directly bonded to a
support substrate 302, and the seed material wafer 314 may be fractured along
the weakened region to form a seed layer 320 having the selected thickness and a
remaining seed material wafer 322, thus forming the composite substrate. An
active device layer may be formed on the seed layer 320 of the composite
substrate formed by the seed layer 320, the intermediate layer 310, and the
support substrate 302.

Fig. 4 shows a composite substrate formed by a template method. A seed
layer 420, typically formed of a III-nitride material such as GaN, may be grown
to a desired thickness with a Ga-polarity exposed surface (i.e., N-polarity down
on a growth substrate 430), and then bonded to an intermediate carrier substrate
404, such as ZnO as in the prior illustrative examples. The intermediate material
404 may be thinned to a desired thickness as discussed previously, including
polishing, grinding or an ion implantation 406 to form a weakened region at a
desired depth 408. The intermediate material 404 may also be deposited as
previously discussed, for example by CVD or sputtering, at the desired

thickness. In the case of forming a weakened region in intermediate material
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404, the wafer may be fractured either before or after (as shown) attachment to
the seed layer 420, to form the final intermediate layer 410, and a remaining
ZnO wafer 412.

The seed layer 420 is obstructed by the growth substrate 430 in the
illustrative template method, and the intermediate layer 410 may be bonded to a
support substrate 402, which may be formed of AIN as in the prior examples.
The growth substrate 430 may be removed, for example by grinding, polishing,
back lapping or other methods known in the art, which provides a composite
substrate formed of support substrate 402, intermediate layer 410 and seed layer
420, ready for formation of a active device layer, and similar to the composite
substrates of the prior examples. In the present illustrative example, the exposed
face of the seed layer 420 is the N-polarity face, which may not be the desired
polarity for all applications. As would be easily understood by one of ordinary
skill in the art, the Ga-polarity face may be exposed by inserting another transfer
operation to another intermediate substrate prior to the attachment to the support
substrate.

The four described methods for forming a composite optoelectronic
device substrate, and the described variations in each method, may result in an
arrangement having an aluminum nitride support substrate, a zinc oxide
intermediate layer, and a gallium nitride seed layer. This composite substrate
may then have an active device layer, such as a multi quantum well device,
attached or grown on the substrate. The intermediate layer, which may be
formed of zinc oxide or other transparent insulators having high thermal
conductivity, may have a refractive index that is less than the index of refraction
of the active device layers for improved light confinement, for example a
refractive index of approximately 2.1 at a wavelength of approximately 400nm,
and have a thickness of from 0.1-1000 nm.

The zinc oxide intermediate layer, which may have a formula of ZnO,
may have a surface roughness of from about 5-15A while the support substrate
may have a surface that is atomically flat to improve direct bonding with no
intermediate bonding aids. Direct bonding improves the thermal conductivity of
the composite substrate.

The aluminum nitride support substrate may have a coefficient of thermal

expansion of approximately 4.4 x 10°/°K to match the active layer thermal
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expansion and reduce thermal mismatch strain, and the gallium nitride seed layer
may have a dislocation density of less that 5.0 x 10%/cm?, a thickness of from
0.1-1000 nm, and a Ga polarity surface to improve device quality. An electronic
system may use optoelectronic devices using the composite substrate.

The illustrative methods include forming the intermediate layer by
bonding a wafer of an intermediate material such as ZnO to a support substrate
such as AIN after polishing the support substrate to a root mean square flatness
of less than 0.01 micron to improve direct bonding strength. The seed layer may
be formed from a thick free standing wafer of a III-nitride material such as GaN,
and thinning the wafer to the selected thickness, by polishing or by ion
implanting the surface to form a damaged region at the selected thickness within
the wafer and bonding the ion implanted surface to the intermediate layer. Then
the wafer may be fractured at the damaged region by mechanical, thermal, or
electrostatic stress. The free standing wafer of IlI-nitride may be bonded to the
intermediate layer directly, or by use of a bonding adhesion material such as a
dielectric such as silicon nitride, which may be less than 10 nm thick.

The support substrate may be formed from aluminum nitride (AIN),
aluminum gallium nitride (A1GaN), sapphire, silicon (S1), gallium nitride (GaN),
neodymium gallate, lithium gallate, and silicon carbide (SiC), in either a
crystalline, polycrystalline and an amorphous state, or as a ceramic formed by
punching, casting or firing. The intermediate layer may be formed of zinc oxide
(Zn0), indium tin oxide (ITO), tin oxide (Sn,0), indium oxide (In,O3), or other
conductive transparent oxides. The seed layer may be formed of gallium nitride
(GaN), indium gallium nitride (InGaN), or aluminum gallium nitride (AlGaN) or
other Ill-nitride materials, which may have a surface that is polar, non-polar or
semi polar. Some applications may prefer a seed layer having either Ga-polar or
N-polar surfaces with less than 5X10® dislocations per cm®. The support,
intermediate, seed and active optical layers preferably have as high a thermal
conductivity as possible to reduce material heating, and as close a coefficient of
thermal expansion to the other layers as possible to reduce material strain.

Fig. 5 illustrates a simplified diagram for an illustrative electronic system
500 having one or more devices including an optical signal transmission device
according to various disclosed embodiments. The electronic system 500 may

include a controller 502, a bus 504, and an electronic device 506, where bus 504

10
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provides electrical or optical signal transmission between controller 502 and
electronic device 506. In various embodiments, the controller 502 and/or
electronic device 506 may include an optical data transmission device.
Electronic system 500 may include information handling, wireless,
telecommunication, fiber optic, automotive, electro-optic, mobile electronics,
handheld devices, and computer systems. Electronic device 506 may comprise a
microprocessor, a floating point unit, an arithmetic logic unit, a memory device,
a multiplexer, an address decoder, a power controller, or any other electronic
device used in computer, telecommunication, sensor, display and other products.

Fig. 6 depicts a diagram of an electronic system 600 having at least one
device formed in accordance to the disclosed embodiments, including a
controller 602 and a memory 606. Controller 602 and/or memory 606 may
include a non-volatile memory device. The system 600 may also include an
electronic apparatus 608 and a bus 604, where the bus 604 may provide data
transmission between controller 602 and electronic apparatus 608, and between
controller 602 and memory 606. The bus 604 may include an address, a data
bus, and a control bus, each independently configured. The bus 604 may use
common conductive lines for providing address, data, and/or control, or optical
transmission lines, the use of which may be regulated by the controller 602. In
some embodiments, the electronic apparatus 608 may include additional memory
devices configured similar to the memory 606. Some embodiments may include
an additional peripheral device 610 coupled to the bus 604. In an embodiment,
the controller 602 comprises a processor. Any of the controller 602, the memory
606, the bus 604, the electronic apparatus 608, and peripheral device 610 may
include an optical transmission device formed in accordance with the disclosed
embodiments.

System 600 may include, but is not limited to, an information handling
device, telecommunication system, mobile electronic device such as a laptop
computer, handheld personal electronic device such as a personal digital
assistant (PDA) and palm top, handheld communication device such as cell
phone, digital camera, DVD recorder, and computer. Peripheral device 610 may
include a display, additional storage memory, or other control device that may

operate in conjunction with controller 602 and/or memory 606.
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With such an arrangement, a composite substrate with high thermal
conductivity, low thermal mismatch between layers and low imposed material
stress, and having an intermediate layer with an index of refraction lower than an
average index of refraction of the active optoelectronic layers for improved
optical confinement, may be obtained having improved reliability, cost and
operational parameters.

The detailed description refers to the accompanying drawings that show,
by way of illustration, specific aspects and embodiments in which the present
disclosed embodiments may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice aspects of the present
invention. Other embodiments may be utilized, and structural, logical, and
electrical changes may be made without departing from the scope of the
disclosed embodiments. The various embodiments are not necessarily mutually
exclusive, as some embodiments can be combined with one or more other
embodiments to form new embodiments.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. This application is intended to cover any
adaptations or variations of embodiments of the present invention. It is to be
understood that the above description is intended to be illustrative, and not
restrictive, and that the phraseology or terminology employed herein is for the
purpose of description and not of limitation. Combinations of the above
embodiments and other embodiments will be apparent to those of skill in the art
upon studying the above description. The scope of the present disclosed
embodiments includes any other applications in which embodiments of the
above structures and fabrication methods are used. The detailed description is,
therefore, not to be taken in a limiting sense and the scope of the present
invention is defined only by the appended claims, along with the full scope of

equivalents to which such claims are entitled.
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What is claimed is;

1. A method, comprising:
forming a support substrate;
forming an intermediate layer on a surface of the support substrate;
forming a seed layer on the intermediate layer; and
forming an active optoelectronic layer on the seed layer;
wherein forming the intermediate layer includes forming a layer having a
mean thermal conductivity of greater than 100 watts per meter degree K
and a refractive index that is less than a refractive index of the active

optoelectronic layer.

2. The method of claim 1, wherein forming the intermediate layer includes

bonding a wafer of an intermediate material to the support substrate.

3. The method of claim 2, wherein the bonding includes direct bonding

between the intermediate layer and the support substrate.

4. The method of claim 1, wherein forming the intermediate layer includes
forming a metal oxide layer including at least one material selected from the list
consisting of zinc (Zn), indium (In), tin (Sn), zinc oxide (ZnO), indium tin oxide
(ITO), tin oxide (Sn;0), and indium oxide (In,0;).

5. The method of claim 1, wherein forming the seed layer includes forming
a layer of a IlII-nitride semiconductor having a selected thickness and a mean

thermal conductivity of greater than 100 watts per meter degree K.
6. The method of claim 1, wherein the support substrate has a mean thermal
conductivity substantially equal to a mean thermal conductivity of the active

optoelectronic layer.

7. The method of claim 5, wherein forming the layer of a Ill-nitride

semiconductor includes forming a layer of at least one material from the list

13



WO 2010/036602 PCT/US2009/057652

consisting of gallium nitride (GaN), indium gallium nitride (InGaN), or
aluminum gallium nitride (AlGaN).

8. The method of claim 7, wherein forming the seed layer includes bonding
a free standing wafer of GaN having more than the selected thickness to the

intermediate layer and thinning the wafer of GaN to the selected thickness.

9. The method of claim 8, wherein thinning the wafer to the selected
thickness includes ion implanting an exposed surface of the wafer with a
selected ion at an ion energy level to form a weakened region at a distance
approximately the same as the selected thickness within the wafer and bonding

the ion implanted surface of the wafer to the intermediate layer.

10.  The method of claim 8, wherein thinning the wafer to the selected
thickness includes removing a portion of the free standing wafer of GaN bonded
to the intermediate layer by fracturing the wafer at the weakened region by at

least one of mechanical, thermal, and electrostatic stress.

11.  The method of claim 8, wherein bonding the free standing wafer of GaN
having more than the selected thickness to the intermediate layer includes

directly bonding the GaN to the intermediate layer.

12.  The method of claim 8, wherein bonding the free standing wafer of GaN
having more than the selected thickness to the intermediate layer includes a

silicon nitride bond assisting layer.

13.  The method of claim 1, wherein forming the support substrate includes

forming a layer of aluminum nitride having an approximate formula of AIN.

14. A method of forming a composite substrate for an optical device,
comprising:

forming a support substrate including at least one material selected from
aluminum nitride (AIN), aluminum gallium nitride (A1GaN), sapphire, silicon

(Si1), gallium nitride (GaN), neodymium gallate, lithium gallate, and silicon

14
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carbide (SiC), wherein the support substrate material includes at least one of a
crystalline, a polycrystalline, and an amorphous state;

forming an intermediate layer having a first selected thickness on at least
one surface of the support substrate formed of at least one material selected from
zinc oxide (ZnO), indium tin oxide (ITO), tin oxide (Sn,0), indium oxide
(Inz03), and other conductive transparent oxides; and

forming a seed layer having a second selected thickness on at least one
surface of the intermediate layer formed of at least one material selected from
gallium nitride (GaN), indium gallium nitride (InGaN), aluminum gallium
nitride (AlGaN), aluminum oxide, silicon carbide, silicon, neodymium gallate,

and lithium gallate.

15.  The method of claim 14, wherein forming the seed layer further includes

forming a surface that is one of polar, non-polar or semi polar.

16.  The method of claim 15, wherein forming the surface includes forming

one of Ga-polar or N-polar.

17.  The method of claim 14, wherein forming the seed layer further includes
forming the seed layer with a surface having less than 5X10°® dislocations per

sz .

18.  The method of claim 14, wherein the intermediate layer has a mean
refractive index less than a mean refractive index of an active optoelectronic

layer of the optical device.

19. A composite optical device substrate, comprising:

an aluminum nitride support substrate;

a zinc oxide intermediate layer disposed on a portion of the support
substrate having a first thickness; and

a gallium nitride seed layer disposed on the intermediate layer having a

second thickness.
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20. The composite optical device substrate of claim 19, wherein the zinc
oxide intermediate layer has a refractive index that is less than a refractive index
of an active device layer formed on the gallium nitride seed layer comprising at
least one of indium gallium nitride, aluminum gallium nitride and gallium

nitride.

21. The composite optical device substrate of claim 20, wherein the zinc

oxide intermediate layer has an approximate formula of ZnO.

22. The composite optical device substrate of claim 19, wherein the first

thickness is less than 1000 nm.

23.  The composite optical device substrate of claim 19, wherein the second

thickness is less than 1000 nm.

24.  The composite optical device substrate of claim 19, wherein the zinc
oxide intermediate layer has at least one surface with a surface roughness less

than 15A.

25.  The composite optical device substrate of claim 19, wherein the
aluminum nitride support substrate has a coefficient of thermal expansion of

approximately 4.4 x 10°/°K.

26. The composite optical device substrate of claim 19, wherein the gallium

nitride seed layer has a dislocation density of less that 5.0 x 10%cm?.

27.  The composite optical device substrate of claim 19, wherein the gallium
nitride seed layer has a surface having an N type polarity contacting the

intermediate layer.
28.  The composite optical device substrate of claim 19, wherein the gallium

nitride seed layer is in direct physical contact with the zinc oxide intermediate

layer.

16
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29.  The composite optical device substrate of claim 19, further comprising a
silicon nitride layer disposed between the gallium nitride seed layer and the zinc

oxide intermediate layer.

30.  The composite optical device substrate of claim 19, wherein the
aluminum nitride support substrate is in direct physical contact with the zinc

oxide intermediate layer.

31.  An optical system comprising:
an optoelectronic device including an aluminum nitride support substrate,

a zinc oxide intermediate layer, and a gallium nitride layer.
32.  The optical system of claim 31, wherein the aluminum nitride support

substrate is in direct contact with the zinc oxide intermediate layer, and the zinc

oxide intermediate layer is in direct contact with the gallium nitride layer.

17



PCT/US2009/057652

WO 2010/036602

1/5

-0l

-~ 0

-~ ¥l

-~ 01

-~ Ol

LA 201
e 280

RN




PCT/US2009/057652

WO 2010/036602

2/5

0V~

R
e

00

-~ Q012

281
5
2R

~

”H”MM””_JJJSNaN




PCT/US2009/057652

WO 2010/036602

3/5

Nod-ae
SR

™|

R

-~ 208




PCT/US2009/057652

WO 2010/036602

4/5

% Z
W~y

AN N\
N N\
ON¢ ~ O\ O\
MANRNRRARNNS

01V~
0y ~

0y ~

N
N\

NN
NN

O\
///

-~ 0cv

A O




WO 2010/036602 PCT/US2009/057652

5/5
500 ~
N2
~
CONTROLLER
Wo
06
~
ELECTRONIC
DEVICE
FIG. 5
600 N
610 602
) )
PERIPHERAL
DEVICE CONTROLLER
o04
§
608 606
) =
ELECTRONIC
APPARATUS MEMORY

FIG. 6



INTERNATIONAL SEARCH REPORT

Internationat application No

PCT/US2009/057652

A. CLASSIFICATION OF SUBJECT MATT

ER
INV. HO1S5/02 HO1L33/00

HO1L21/02

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOIL HO1S

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0069],

SEMICONDUCTORS GMBH [DE])

Y paragraphs [0066],
figure 3

figure 1

X US 2006/255341 Al (PINNINGTON THOMAS H
[US] ET AL) 16 November 2006 (2006-11-16)
[0075]; figure 2

X DE 10 2006 061167 Al (OSRAM OPTO

20 December 2007 (2007-12-20)
[0069],

1,4-32

1,3-13

[0074]; 14-32

X US 2004/029359 Al (LETERTRE FABRICE [FR] 1,2
ET AL) 12 February 2004 (2004-02-12)

-

r_il Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

‘0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

14 January 2010

Date of mailing of the intemational search report

29/01/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31~70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Jobst, Bernhard

Form PCT/ISA/210 (second sheet) (April 2005}

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/057652

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

P,X

JAGANNADHAM K: "Compound semiconductor
bonded to AIN heat spreader substrate
using graded intermediate layer"

JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY:
PART A, AVS /AIP, MELVILLE, NY., US,

vol. 25, no. 3, :

16 April 2007 (2007-04-16), pages 536-542,
XP012102617

ISSN: 0734-2101

the whole document

US 2004/248380 A1 (AULNETTE CECILE [FR] ET
AL) 9 December 2004 (2004-12-09)

figure 2

US 2004/235268 Al (LETERTRE FABRICE [FR]
ET AL) 25 November 2004 (2004-11-25)
figure 1D

US 2009/075481 A1l (CHEN MIIN-JANG [TW] ET
AL) 19 March 2009 (2009-03-19)

paragraph [0021]; figure 1C

1-3

14-32
1-30

1,14

1,14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/057652
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006255341 Al 16-11-2006  NONE

DE 102006061167 Al 20-12-2007 WO 2007121739 A2 01-11-2007
EP 2011161 A2 07-01-2009
JP 2009534859 T 24-09-2009
KR 20080112410 A 24-12-2008
US 2009309113 Al 17-12-2009

US 2004029359 Al 12-02-2004 AT 352866 T 15-02-2007
AT 427559 T 15-04-2009
AU 2203602 A 03-06-2002
CN 1478295 A 25-02-2004
CN 1734718 A 15-02-2006
DE 60126328 T2 08-11-2007
EP 1344246 A2 17-09-2003
FR 2817394 Al 31-05-2002
WO 0243112 A2 30-05-2002
JP 2004517472 T 10-06-2004
JP 2008219019 A 18-09-2008
TW 536728 B 11-06-2003

US 2004248380 Al 09-12-2004 CN 1802737 A 12-07-2006
EP 1631984 Al 08-03-2006
FR 2855908 Al 10-12-2004
WO 2005004233 Al 13-01-2005
JP 2006527479 T 30-11-2006
KR 20060015642 A 17-02-2006

US 2004235268 Al 25-11-2004  NONE

US 2009075481 Al 19-03-2009  NONE

Form PCT/ISA/210 (patent family annex} (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

