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ABSTRACT

A method for growing a semi-polar nitride semiconductor
thin film via metalorganic chemical vapor deposition
(MOCVD) on a substrate, wherein a nitride nucleation or
buffer layer is grown on the substrate prior to the growth of the
semi-polar nitride semiconductor thin film.
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METHOD FOR ENHANCING GROWTH OF
SEMI-POLAR (AL,IN,GA,B)N VIA
METALORGANIC CHEMICAL VAPOR
DEPOSITION
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60/760,628, filed Jan. 20, 2006, by Hiroshi Sato, John F.
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Steven P. DenBaars and Shuji Nakamura, entitled
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159-US-Pi (2006-178-1);
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[0012] all of which applications are incorporated by reference herein.
BACKGROUND OF THE INVENTION
[0013] 1. Field of the Invention
[0014] The present invention is related to semiconductor
materials, methods, and devices, and more particularly, to a
method for enhancing growth of semi-polar (A1,In,Ga,B)N
via metalorganic chemical vapor deposition.
[0015] 2. Description of the Related Art
[0016] (Note: This application references a number of different publications and patents as indicated throughout the
specification by one or more reference numbers within brackets, e.g., [Ref. x]. A list of these different publications and
patents ordered according to these reference numbers can be
found below in the section entitled "References." Each of
these publications and patents is incorporated by reference
herein.)
[0017] The usefulness of gallium nitride (GaN) and its ternary and quaternary compounds incorporating aluminum and
indium (A1GaN, InGaN, A1InGaN) has been well established
for fabrication of visible and ultraviolet optoelectronic
devices and high-power electronic devices. These devices are
typically grown epitaxially using growth techniques including molecular beam epitaxy (MBE), metalorganic chemical
vapor deposition (MOCVD), and hydride vapor phase epitaxy (HVPE).
[0018] GaN and its alloys are most stable in the hexagonal
wnrtzite crystal structure, in which the structure is described
by two (or three) equivalent basal plane axes that are rotated
120° with respect to each other (the a-axes), all of which are
perpendicular to a unique c-axis. Group III and nitrogen
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atoms occupy alternating c-planes along the crystal's c-axis.
The symmetry elements included in the wurtzite structure
dictate that III-nitrides possess a bulk spontaneous polarization along this c-axis, and the wurtzite structure exhibits
piezoelectric polarization.
[0019] Current nitride technology for electronic and optoelectronic devices employs nitride films grown along the
polar c-direction. However, conventional c-plane quantum
well structures in III-nitride based optoelectronic and electronic devices suffer from the undesirable quantum-confined
Stark effect (QCSE), due to the existence of strong piezoelectric and spontaneous polarizations. The strong built-in electric fields along the c-direction cause spatial separation of
electrons and holes that in turn give rise to restricted carrier
recombination efficiency, reduced oscillator strength, and
red-shifted emission.
[0020] One approach to eliminating the spontaneous and
piezoelectric polarization effects in GaN optoelectronic
devices is to grow the devices on non-polar planes of the
crystal. Such planes contain equal numbers of Ga and N
atoms and are charge-neutral. Furthermore, subsequent nonpolar layers are crystallographically equivalent to one another
so the crystal will not be polarized along the growth direction.
Two such families of symmetry-equivalent non-polar planes
in GaN are the { 1120} family, known collectively as a-planes,
and the {1T00} family, known collectively as m-planes.
Unfortunately, despite advances made by researchers at the
University of California, the assignee of the present invention, growth of non-polar nitrides remains challenging and
has not yet been widely adopted in the III-nitride industry.
[0021] Another approach to reducing or possibly eliminating the polarization effects in GaN optoelectronic devices is
to grow the devices on semi-polar planes of the crystal. The
term semi-polar planes can be used to refer to a wide variety
of planes that possess two nonzero h, i, or k Miller indices,
and a nonzero 1 Miller index. Some commonly observed
examples of semi-polar planes in c-plane GaN heteroepitaxy
include the {1122}, {10T1}, and {1013} planes, which are
found in the facets of pits. These planes also happen to be the
same planes that the inventors have grown in the form of
planar films. Other examples of semi-polar planes in the
wnrtzite crystal structure include, but are not limited to, {10
12}, {2021}, and {1014}. The nitride crystal's polarization
vector lies neither within such planes or normal to such
planes, but rather lies at some angle inclined relative to the
plane's surface normal. For example, the {1011 } and {1013}
planes are at 62.98° and 32.06° to the c-plane, respectively.
[0022] In addition to spontaneous polarization, the second
form of polarization present in nitrides is piezoelectric polarization. This occurs when the material experiences a compressive or tensile strain, as can occur when (Al, In, Ga, B)N
layers of dissimilar composition (and therefore different lattice constants) are grown in a nitride heterostructure. For
example, a thin A1GaN layer on a GaN template will have
in-plane tensile strain, and a thin InGaN layer on a GaN
template will have in-plane compressive strain, both due to
lattice matching to the GaN. Therefore, for an InGaN quantum well on GaN, the piezoelectric polarization will point in
the opposite direction than that of the spontaneous polarization of the InGaN and GaN. For an A1GaN layer latticed
matched to GaN, the piezoelectric polarization will point in
the same direction as that of the spontaneous polarization of
the A1GaN and GaN.

[0023] The advantage of using semi-polar planes over
c-plane nitrides is that the total polarization will be reduced.
There may even be zero polarization for specific alloy compositions on specific planes. Such scenarios will be discussed
in detail in future scientific papers. The important point is that
the polarization will be reduced compared to that of c-plane
nitride structures.
[0024] Bulk crystals of GaN are not readily available, so it
is not possible to simply cut a crystal to present a surface for
subsequent device regrowth. Commonly, GaN films are initially grown heteroepitaxially, i.e., on foreign substrates that
provide a reasonable lattice match to GaN.
[0025] Semi-polar GaN planes have been demonstrated on
the sidewalls of patterned c-plane oriented stripes. Nishizuka
et al. [Ref. 1] have grown {1122} InGaN quantum wells by
this technique. They have also demonstrated that the internal
quantum efficiency of the semi-polar plane {1122} is higher
than that of the c-plane, which results from the reduced polarization.
[0026] However, this method of producing semi-polar
planes is drastically different than that of the current invention; it is an artifact of the epitaxial lateral overgrowth (ELO)
technique. ELO is a cumbersome processing and growth
method used to reduce defects in GaN and other semiconductors. It involves patterning stripes of a mask material, often
Si02 for GaN. The GaN is then grown from open windows
between the mask and then grown over the mask. To form a
continuous film, the GaN is then coalesced by lateral growth.
The facets of these stripes can be controlled by the growth
parameters. If the growth is stopped before the stripes coalesce, then a small area of semi-polar plane can be exposed.
This area may be 10 µm wide at best. The semi-polar plane
will be not parallel to the substrate surface. This available
surface area is too small to process it into a semi-polar LED.
Furthermore, forming device structures on inclined facets is
significantly more difficult than forming those structures on
normal planes. Also, not all nitride compositions are compatible with ELO processes; as such, only ELO of GaN is widely
practiced.
[0027] Nucleation, buffer, and/or wetting layers have been
extensively used in the growth of high quality nitrides since
the early 1990s [Refs. 2, 3]. This technique typically employs
the use of a thin layer (50 A -2000 A) of polycrystalline and/or
amorphous nitride semiconductor material prior to the deposition of thicker (1 µm-5 µm) nitride semiconductor material.
While the advantages of using nucleation layers (NLs) in
heteroepitaxy of c-plane GaN thin films is well established,
the mechanisms for how the NLs improve crystal quality are
not well understood. It is believed that NLs provide crystal
sites onto which high quality nitride materials then deposit
[Refs. 4, 5]. The later deposition shows a dramatic improvement in crystal, electrical, and optical properties compared to
nitrides deposited without a NL.
[0028] Although the use of NLs has been extensively documented for nitride thin films, they comprise of nitrides grown
only in the (0001) or c-plane crystallographic direction [Refs.
6, 7]. Ramdani et al. [Ref. 7] demonstrated the use of a
plurality of buffer layers in order to improve the crystal quality of c-plane GaN grown on a spinel substrate. This method
is considerably different from the present invention in that the
author is describing the growth of c-plane GaN, which has a
9% lattice mismatch to (111) spinel, as described in [Ref. 7].
It is also very cumbersome due to the plurality of buffer
layers, four in total, needed to produce device quality c-plane
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GaN. In contrast, the current invention describes the use of a
single buffer layer for the improvement of semi-polar GaN.
[0029] Improvement of c-plane GaN films has also been
demonstrated by Akasaki et al. [Ref. 6]. As discussed earlier,
optoelectronic and electronic devices in this particular crystallographic direction suffer from the undesirable QCSE, due
to the existence of strong piezoelectric and spontaneous
polarizations. The present invention distinguishes itself from
the above-mentioned methods by the use of a single buffer
layer in order to improve the quality of semi-polar nitride thin
films.
[0030] There is a need, then for improved methods for the
growth of planar films of semi-polar nitrides, in which a large
area of (A1,In,Ga,B)N is parallel to the substrate surface. The
present invention satisfies this need.
SUMMARY OF THE INVENTION
[0031] The present invention describes a method allowing
for the growth of planar films of semi-polar nitrides, in which
a large area of (A1,In,Ga,B)N is parallel to the substrate surface.
[0032] Specifically, the present invention discloses a
method for growing a semi-polar nitride semiconductor thin
film via metalorganic chemical vapor deposition (MOCVD)
on a substrate, wherein a nitride nucleation or buffer layer is
grown on the substrate prior to the growth of the semi-polar
nitride semiconductor thin film. The method may further
comprise nitridizing the substrate prior to growing the nucleation or buffer layer.
[0033] The nucleation or buffer layer may comprise Al,
InyGa i N with x=1 and y-0.
[0034] The semi-polar nitride semiconductor thin film may
comprise multiple layers having varying or graded compositions, a heterostructure containing layers of dissimilar (Al,
Ga,In,B)N composition, one or more layers of dissimilar
(A1,Ga,In,B)N composition. The semi-polar nitride semiconductor thin film may be doped, with elements such as Fe, Si,
and Mg.
[0035] A growth surface of the semi-polar nitride semiconductor thin film is parallel to the substrate surface and the
growth surface is greater than a 10 micrometer wide area. For
example, the semi-polar nitride semi-conductor thin film may
be grown to cover a 2 inch diameter substrate.
[0036] The semi-polar nitride semiconductor thin film may
be used as a substrate for subsequent growth, such as that by
hydride vapor phase epitaxy (HYPE), metalorganic chemical
vapor deposition (MOCVD), and/or molecular beam epitaxy
(MBE). The semi-polar nitride semiconductor thin film has
improved surface and crystal features needed for state-of-theart nitride semi-polar electronic devices.
[0037] A device may be fabricated using the method.
BRIEF DESCRIPTION OF THE DRAWINGS
[0038] Referring now to the drawings in which like reference numbers represent corresponding parts throughout:
[0039] FIG. 1 is a flowchart of the preferred embodiment of
the present invention.
[0040] FIGS. 2(a) and 2(b) are micrographs of the surface
of GaN grown on {100} spinel. In FIG. 2(a), the GaN is
grown on an Al,lnyGa1 N nucleation layer with x-0 and
y-0, while in FIG. 2(b), the GaN is grown on an Al lnyGa 1 _
x -yN nucleation layer with x=1 and y-0.
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[0041] FIGS. 3(a) and 3(b) are atomic force microscopy
(AFM) images of the surface of GaN grown on { 100} spinel.
In FIG. 3 (a), the GaN is grown without a nucleation layer by
HYPE, while in FIG. 3(b), the GaN is grown on anAlInyGa i _
x -yN nucleation layer with x=1 and y-0 by MOCVD.
[0042] FIG. 4 is an omega-20 (400) x-ray diffraction
(XRD) scan of semi-polar GaN films grown with an Al x
InyGa,N nucleation layer with x=1 and y-0 by MOCVD.
DETAILED DESCRIPTION OF THE INVENTION
[0043] In the following description of the preferred
embodiment, reference is made to the accompanying drawings that form a part hereof, and in which is shown by way of
illustration a specific embodiment in which the invention may
be practiced. It is to be understood that other embodiments
may be utilized and structural changes may be made without
departing from the scope of the present invention.
[0044] Overview
[0045] The present invention describes a method for growing device-quality semi-polar planar { 1011 } nitride semiconductor thin films via MOCVD on {100} MgAl 2O4 (spinel)
substrates miscut in the <011> direction. Growth of semipolar nitride semiconductors, for example, {1011} and { 10
T3} of GaN, offers a means of reducing polarization effects in
wnrtzite-structure III-nitride device structures. The term
nitrides refers to any alloy composition of the (Ga,A1,In,B)N
semiconductors having the formula Ga, Al In^N, where
0-n-1, 0-x-1, 0-y-1, 0-z-1, and n+x+y+z=1.
[0046] Current nitride devices are grown in the polar[0001]
c-direction, which results in charge separation along the primary conduction direction in vertical devices. The resulting
polarization fields are detrimental to the performance of current state of the art optoelectronic devices. Growth of these
devices along a semi-polar direction could improve device
performance significantly by reducing built-in electric fields
along the conduction direction. The present invention provides a means of enhancing obtainable { 10T 1 } III-nitride film
quality when grown by metalorganic chemical vapor deposition.
[0047] Technical Description
[0048] The present invention is a method to enhance the
growth of semi-polar nitride films by use of a buffer layer or
nucleation layer. Examples of this are { 1011 } GaN films. In
this embodiment, a {100} MgAl 2O4 spinel substrate miscut
in the <011> direction is used for the growth process. In order
to obtain planar semi-polar GaN, it is critical to use an Al x
InyGa 11N nucleation layer with high aluminum composition prior to GaN growth.
[0049] These films were grown using a commercially available MOCVD system. A general outline of growth parameters for {10T 1 } GaN is a pressure between 10 torr and 1000
torr, and a temperature between 400° C. and 1400° C. This
variation in pressure and temperature is indicative of the
stability of the growth of semi-polar GaN using a suitable
substrate. The epitaxial relationships and conditions should
hold true regardless of the type of reactor. However, the
reactor conditions for growing these planes will vary according to individual reactors and growth methods (HYPE,
MOCVD, and MBE, for example).
[0050] Process Steps
[0051] FIG. 1 is a flowchart that illustrates the steps of the
MOCVD process for the growth of semi-polar gallium nitride
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(GaN) thin films on a spinel substrate, according to the preferred embodiment of the present invention that is described
in the following paragraphs.
[0052] Block 10 represents the step of loading a substrate
into an MOCVD reactor. For the growth of {1011} GaN, a
(100) spinel substrate is used with a miscut in the <011>direction.
[0053] Block 12 represents the step of heating the substrate.
The reactor's heater is turned on and ramped to a set point
temperature of 1150° C. under conditions to encourage nitridization of the surface of the substrate. Generally, nitrogen
and/or hydrogen and/or ammonia flow over the substrate at
atmospheric pressure.
[0054] Block 14 represents the step of depositing/growing
a single nucleation or buffer layer on the substrate. Once the
set point temperature is reached, the ammonia flow is set to
0.1 to 3.0 slpm. After 1 to 20 minutes, the reactor's set point
temperature is then increased to 1190° C., the reactor's pressure is reduced to 76 torr, and 0 to 3 sccm of trimethylgallium
(TMGa) and/or 20 sccm of trimethylaluminum (TMA1) and/
or 120 sccm of trimethylindium (TMIn) are introduced into
the reactor to initiate the Al lnyGa, N nucleation or buffer
layer growth on the substrate. After 1-40 minutes, the Al,
In^ ,Ga i N nucleation or buffer layer reaches the desired
thickness. The values of x and y in the Al lnyGa 1 N nucleation or buffer layer are in the range 0-x- 1, 0-y- 1. Typical
thicknesses for the nucleation or buffer layer are in the range
20 nm to 600 nm, with an optimal thickness of –200 nm.
[0055] Block 16 represents the step of depositing/growing
semi-polar GaN film. At this point, the TMA1 flow is shut off
and TMGa is increased to 9.5 sccm for approximately 1 to 4
hours of GaN growth.
[0056] Block 18 represents the step of cooling the substrate.
Once the desired GaN thickness is achieved, TMGa flow is
interrupted and the reactor is cooled down while flowing
ammonia or nitrogen to preserve the GaN film.
[0057] Block 20 shows the end result is a semi-polar (Al,
In,Ga,B)N film. This semi-polar nitride semiconductor thin
film may be used as a substrate for subsequent growth, such as
that by hydride vapor phase epitaxy (HYPE), metalorganic
chemical vapor deposition (MOCVD), and/or molecular
beam epitaxy (MBE).
[0058] A device may be fabricated using the method of
FIG. 1.
[0059] Possible Modifications and Variations on the Preferred Embodiment
[0060] The scope of the invention covers more than just the
particular example cited. The method represented by FIG. 1 is
pertinent to all semi-conductor nitrides on any semi-polar
plane. For example, in Block 16, one could grow { 1011 } A1N,
InN, A1GaN, InGaN, or A1InN on a miscut (100) spinel substrate. Another example is that, in Block 16, one could grow
{1012} nitrides, if the proper substrate such as {1014}
4H—SiC is used, or one could grow semi-polar planar {11
22} on a miscut m-plane Al 203 substrate. These examples
and other possibilities still incur all of the benefits of planar
semi-polar films. The method of FIG. 1 covers any growth
technique that generates a semiconductor semi-polar nitride
film by using a nitride buffer or nucleation layer of Block 14.
[0061] The reactor conditions will vary by reactor type and
design. The growth described above in FIG. 1 is only a
description of one set of conditions that has been found to be
useful conditions for the growth of semi-polar GaN. It has
also been discovered that these films will grow under a wide

parameter space of pressure, temperature, gas flows, etc., all
of which will generate planar semi-polar nitride film.
[0062] There are other steps that could vary in the growth
process of FIG. 1. It has been found that nitridizing the substrate improves surface morphology for some films, and
determines the actual plane grown for other films. However,
this may or may not be necessary for any particular growth
technique.
[0063] The growth described above in FIG. 1 comprises the
growth of a GaN film on an A1InGaN nucleation layer. However, any semi-polar nitride semi-conductor thin film can be
grown in block 16 upon a nucleation layer of block 14. The
semi-polar nitride semiconductor thin film may be comprised
of multiple layers having varying or graded compositions.
The majority of nitride devices comprise heterostructures
containing layers of dissimilar (A1,Ga,In,B)N composition.
The method of FIG. 1 can be used for the growth, during
Block 16, of any nitride alloy composition and any number of
layers or combination thereof. For example, the semi-polar
nitride semiconductor thin film may contain one or more
layers of dissimilar (A1,Ga,In,B)N composition. Dopants,
such as Fe, Si, and Mg, are frequently incorporated into
nitride layers of Block 16. The incorporation of these and
other dopants not specifically listed is compatible with the
practice of this invention.
[0064] Advantages and Improvements
[0065] The existing practice is to grow GaN with the
c-plane normal to the surface. This plane has a spontaneous
polarization and piezoelectric polarization which are detrimental to device performance. The advantage of semi-polar
over c-plane nitride films is the reduction in polarization and

the associated increase in internal quantum efficiency for
certain devices.
[0066] Non-polar planes could be usedto completely eliminate polarization effects in devices. However, these planes are
quite difficult to grow, thus non-polar nitride devices are not
currently in production. The advantage of semi-polar over
non-polar nitride films is the ease of growth. It has been found
that semi-polar planes have a large parameter space in which
they will grow. For example, non-polar planes will not grow
at atmospheric pressure, but semi-polar planes have been
experimentally demonstrated to grow from 62.5 torr to 760
torr, but probably have an even wider range than that.
[0067] The advantage of planar semi-polar films grown
using the method of FIG. 1 over ELO sidewall is the large
surface area that can be processed into an LED or other
device. Another advantage is that the growth surface using the
method of FIG. 1 is parallel to the substrate surface, unlike
that of ELO sidewall semi-polar planes. For example,
samples are often grown to cover 2 inch diameter substrates
compared to the few micrometer wide areas (at most 10
micrometers wide) previously demonstrated for the growth of
semi-polar nitrides.
[0068] The use of an Al lnGa i _x_ N nucleation layer with
high aluminium composition such as x=1 and y-0, formed in
Block 14 of FIG.1, prior to GaN growth in Block 16, has been
shown to dramatically improve the crystal quality of semipolar GaN thin films. This is apparent in the optical micrographs of FIG. 2(a) and FIG. 2(b). These optical micrographs
show a striking improvement in the surface quality and film
crystal quality by incorporating the buffer layer technique
described in the preferred embodiment. With the use of an
AlInyGa i N nucleation layer with x-0 and y-0 (FIG.
2(a)), the GaN film growth is essentially polycrystalline and
there is no single crystal growth orientation. Thus, the film
has large numbers of small GaN crystals oriented in various
directions. Films of this quality can not be used for the fab-
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rication of electronic devices. On the other hand, the use of an
Al InyGa,N nucleation layer with x=1 and y-0, (FIG.
2(b)), shows a substantial improvement in crystal quality.
Semi-polar GaN thin films using an Al,lnyGa1 N buffer
layer with x=1 and y-0 possess the necessary surface and
crystal features needed for state-of-the-art nitride semi-polar
electronic devices. These features are: a planar crystal surface, small surface undulations and, a small number of crystallographic defects present in the film.
[0069] Atomic force microscopy (AFM) images of the
GaN film with no nucleation layer grown by HVPE and with
an Al lnyGa,N nucleation layer with x=1 and y-0 grown
by MOCVD are shown in FIG. 3(a) and FIG. 3(b), respectively (please note the different scale sizes to the right of each
AFM image). Typical image Root Mean Square (RMS) values, which give an indication of the nano-scale surface roughness of a thin film, for a 5x5 µm square area of HVPE grown
{ 1011 } GaN films are on the order of 7 nm. On the other hand,
the typical values for GaN films grown with an Al,ln yGa1 _x_
yN buffer layer with x=1 and y-0 by MOCVD for a 5x5 µm
area are on the order 4 nm. This indicates that the films grown
by using an Al InyGa1 N buffer layer with x=1 and y-0 by
MOCVD as described in the preferred embodiment of this
invention show an improved surface quality which is necessary in the fabrication of high-quality semiconductor nitride
devices.
[0070] FIG. 4 shows the x-ray diffraction (XRD) of the
w-20 scan for on-axis reflections. This scan verifies that the
film grown using anAllnyGa 1 N nucleation layer with x= 1
and y-0 by MOCVD, as described in the preferred embodiment of this invention, is, in fact, {1011} semi-polar GaN.
XRD w scans of the GaN { 1011 } rocking towards the [0002]
or c-axis were performed in order to assess the GaN microstructure quality of the films. The Full-Width-Half-Maximum (FWHM), which is an indicator of thin film microstructure quality, for the GaN { 1011 } rocking towards the [0002]
for HVPE grown GaN with no buffer layer is typically 0.7
degrees. On the other hand, the value for {1011 } GaN using
an Al lnnGa,N nucleation layer with x=1 and y-0 by
MOCVD is 0.47 degrees. These values indicate a substantial
improvement in the microstructure properties of the semipolar film grown using an Al InyGa1 _x_ N nucleation layer
with x=1 and y-0 by MOCVD as described in the preferred
embodiment of this invention.
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CONCLUSION
[0079] This concludes the description of the preferred
embodiment of the present invention. The foregoing description of one or more embodiments of the invention has been
presented for the purposes of illustration and description. It is
not intended to be exhaustive or to limit the invention to the
precise form disclosed. Many modifications and variations
are possible in light of the above teaching, without fundamentally deviating from the essence of the present invention. It is
intended that the scope of the invention be limited not by this
detailed description, but rather by the claims appended
hereto.
1. A method for growing a semi-polar nitride semiconductor film via metalorganic chemical vapor deposition
(MOCVD) on a substrate, comprising:
(a) growing a nitride nucleation or buffer layer on a substrate; and
(b) growing a semi-polar nitride semiconductor film on the
nitride nucleation or buffer layer, wherein a growth surface of the semi-polar nitride semiconductor film is parallel to the substrate's surface.
2. The method of claim 1, wherein the nitride nucleation or
buffer layer comprises Al InyGai N with x=1 and y=0.
3. The method of claim 1, wherein the semi-polar nitride
semiconductor film comprises multiple layers having varying
or graded compositions.
4. The method of claim 1, wherein the semi-polar nitride
semiconductor film contains one or more layers of dissimilar
(A1,Ga,In,B)N composition.
5. The method of claim 1, wherein the semi-polar nitride
semiconductor film comprises a heterostructure containing
layers of dissimilar (A1,Ga,In,B)N composition.
6. The method of claim 1, wherein the semi-polar nitride
semiconductor film is doped with elements consisting essentially of Fe, Si, and Mg.
7. The method of claim 1, wherein the growth surface is
greater than a 10 micrometer wide area.
8. The method of claim 1, wherein the semi-polar nitride
semi-conductor film is grown to cover a 2 inch diameter
substrate.
9. The method of claim 1, further comprising nitridizing
the substrate prior to growing the nucleation or buffer layer.
10. The method of claim 1, wherein the semi-polar nitride
semiconductor film is used as a template or substrate for
subsequent growth, by hydride vapor phase epitaxy (HVPE),
metalorganic chemical vapor deposition (MOCVD), or
molecular beam epitaxy (MBE).
11. A device fabricated using the method of claim 1.
12. The method of claim 1, wherein a surface roughness of
the semi-polar nitride semiconductor film is less than 7 nm.

