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(57) 	 ABSTRACT 

A method for growing planar, semi-polar nitride film on a 
miscut spinel substrate, in which a large area of the planar, 
semi-polar nitride film is parallel to the substrate's surface. 
The planar films and substrates are: (1) {10I1} gallium 
nitride (GaN) grown on a {100} spinel substrate miscut in 
specific directions, (2) {1013} gallium nitride (GaN) grown 
on a {110} spinel substrate, (3) {1122} gallium nitride 
(GaN) grown on a {1I00} sapphire substrate, and 
(4) {1113} gallium nitride (GaN) grown on a {1I00} 
sapphire substrate 
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TECHNIQUE FOR THE GROWTH OF PLANAR 
SEMI-POLAR GALLIUM NITRIDE 
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BACKGROUND OF THE INVENTION 

[0019] 1. Field of the Invention 

[0020] The present invention relates to a technique for the 
growth of planar semi-polar gallium nitride. 

[0021] 2. Description of the Related Art. 

[0022] The usefulness of gallium nitride (GaN), and its 
ternary and quaternary compounds incorporating aluminum 
and indium (A1GaN, InGaN, AlInGaN), has been well 
established for fabrication of visible and ultraviolet opto-
electronic devices and high-power electronic devices. These 
devices are typically grown epitaxially using growth tech-
niques including molecular beam epitaxy (MBE), metalor-
ganic chemical vapor deposition (MOCVD), and hydride 
vapor phase epitaxy (HVPE). 

[0023] 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 
1200 with respect to each other (the a-axes), all of which are 
perpendicular to a unique c-axis. Group III and nitrogen 
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 polariza-
tion along this c-axis, and the wnrtzite structure exhibits 
piezoelectric polarization. 

[0024] Current nitride technology for electronic and opto-
electronic devices employs nitride films grown along the 
polar c-direction. However, conventional c-plane quantum 
well structures in III-nitride based optoelectronic and elec-
tronic devices suffer from the undesirable quantum-confined 
Stark effect (QCSE), due to the existence of strong piezo-
electric 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. 

[0025] One approach to eliminating the spontaneous and 
piezoelectricpolarization 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 non-
polar layers are equivalent to one another so the bulk 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 {1100} family, known collectively as m-planes. Unfor-
tunately, despite advances made by researchers at the Uni-
versity of California, for example, as described in the 
applications cross-referenced above, growth of non-polar 
GaN remains challenging and has not yet been widely 
adopted in the III-nitride industry. 

[0026] Another approach to reducing or possibly elimi-
nating 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 both two nonzero h, i, or k 
Miller indices and a nonzero 1 Miller index. Some com-
monly observed examples of semi-polar planes in c-plane 
GaN heteroepitaxy include the { 1122}, 110111, and { 10I3 } 
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 wurtzite crystal structure include, 
but are not limited to, {1012}, {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. 

[0027] The other cause of polarization 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 
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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. 

[0028] 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. 

[0029] Bulk crystals of GaN are not 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. 

[0030] Semi-polar GaN planes have been demonstrated on 
the sidewalls of patterned c-plane oriented stripes. Nishi-
zuka et al. have grown {1122} InGaN quantum wells by this 
technique. (See Nishizuka, K., Applied Physics Letters, Vol. 
85, No. 15, 11 Oct. 2004.) They have also demonstrated that 
the internal quantum efficiency of the semi-polar plane {11 
22} is higher than that of the c-plane, which results from the 
reduced polarization. 

[0031] However, this method of producing semi-polar 
planes is drastically different than that of the present inven-
tion; it is an artifact from epitaxial lateral overgrowth (ELO). 
ELO is used to reduce defects in GaN and other semicon-
ductors. It involves patterning stripes of a mask material, 
often Si02  for GaN. The GaN is 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. The surface area may be 10 µm wide at best. 
Moreover, the semi-polar plane will be not parallel to the 
substrate surface. In addition, the surface area is too small to 
process into a semi-polar LED. Furthermore, forming device 
structures on inclined facets is significantly more difficult 
than forming those structures on normal planes. 

[0032] The present invention describes a technique for the 
growth of planar films of semi-polar nitrides, in which a 
large area of (Al, In, Ga)N is parallel to the substrate surface. 
For example, samples are often grown on 10 mmx10 mm or 
2 inch diameter substrates compared to the few micrometer 
wide areas previously demonstrated for the growth of semi-
polar nitrides. 

SUMMARY OF THE INVENTION 

[0033] The present invention describes a method for grow-
ing semi-polar nitrides as planar films, such as {1011}, {10 
13}, and {1122} planar films of GaN. Growth of semi-polar 
nitride semiconductors offer a means of reducing polariza-
tion effects in wurtzite-structure III-nitride device structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Referring now to the drawings in which like ref-
erence numbers represent corresponding parts throughout: 

[0035] FIGS. 1A, 1B and IC are optical micrographs of 
GaN on (100) spinel with substrate miscuts of FIG. 1A (no 
miscut), FIG. 1B (miscut in <010>), and FIG. IC (miscut in 
<011>). 

[0036] FIG. 2 is a flowchart illustrating the process steps 
of the preferred embodiment of the present invention. 

[0037] FIG. 3 is a photograph of an LED grown by 
MOCVD on a {1011} GaN template grown by HVPE. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] In the following description of the preferred 
embodiment, reference is made to the accompanying draw-
ings which 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 embodi-
ments may be utilized and structural changes may be made 
without departing from the scope of the present invention. 

[0039] Overview 

[0040] Growth of semi-polar nitride semiconductors, for 
example, {1011}, {1013} and {1122} planes of GaN, offer 
a means of reducing polarization effects in wnrtzite-structure 
III-nitride device structures. The semiconductor term 
nitrides refers to (Ga,A1,In,B)N and any alloy composition 
of these semiconductors. 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 direc-
tion could improve device performance significantly by 
reducing built-in electric fields along the conduction direc-
tion. 

[0041] Until now, no means existed for growing large 
area, high quality films of semi-polar nitrides suitable for use 
as device layers, templates, or substrates in device growth. 
The novel feature of this invention is the establishment that 
semi-polar nitrides can be grown as planar films. As evi-
dence, the inventors have grown {1011}, {1013}, and {11 
22} planar films of GaN. However, the scope of this idea is 
not limited to solely these examples. This 30 idea is relevant 
to all semi-polar planar films of nitrides. 

TECHNICAL DESCRIPTION 

[0042] The present invention comprises a method for 
growing planar nitride films in which a large area of the 
semi-polar nitrides is parallel to a substrate surface. 
Examples of this are {10II1} and {1013} GaN films. In this 
particular embodiment, MgAl 2 04  spinel substrates are used 
in the growth process. It is critically important that the spinel 
is miscut in the proper direction for growth of { 1011 } GaN. 
{1011} GaN grown on {100} spinel that is on-axis and that 
is miscut toward the <001> direction will have two domains 
at 90° to each other. This is apparent in the optical micro-
graphs of GaN on (100) spinel shown in FIG. 1A (no 
miscut) and FIG. 1B (a miscut in <010>), respectively. 
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[0043] However, {1011} single crystal GaN grows on 
{100} spinel that is miscut in the <011>, as shown in the 
optical micrograph of GaN on (100) spinel in FIG. 1C (a 
miscut in <011>) X-ray diffraction (XRD) was used to verify 
that the films grown on (100) spinel with miscut toward 
<011> direction are single crystal and that the films grown 
on-axis or miscut toward <010> direction have two domains. 

[0044] {1013} single crystal GaN was grown on nomi-
nally on-axis (lacking an intentional miscut) {110} spinel. 
XRD was used to verify that the {1013} GaN is single 
crystal. 

[0045] Also, planar films of {1122} GaN and {1013} GaN 
have been grown on m-plane sapphire, {1100} Al 203 . It is 
uncommon in semiconductor growth for one substrate to be 
used for growth of two distinct planes of the same epitaxial 
material. However, the plane can be reproducibly selected 
by flowing ammonia at different temperatures before the 
GaN growth. Again, XRD was used to confirm the single 
crystal character of the films. 

[0046] Thus, there has been experimentally proven four 
examples of planar semi-polar nitride films: 

[0047] 1) {1011} GaN on {100} spinel miscut in specific 
directions (<001>, <010> and <011>), 

[0048] 2) {1013} GaN on {110} spinel, 

[0049] 3) {1122} GaN on {1100} sapphire, and 

[0050] 4) {1013} GaN on {1100} sapphire. 

[0051] These films were grown using an HVPE system in 
Shuji Nakamura's lab at the University of California, Santa 
Barbara. A general outline of growth parameters for both 
{10Ii1} and {1013} is a pressure between 10 torr and 1000 
torr, and a temperature between 900° C. and 1200° C. This 
wide range of pressure shows that these planes are very 
stable when growing on the specified substrates. The epi-
taxial relationships should hold true regardless of the type of 
reactor. However, the reactor conditions for growing these 
planes will vary according to individual reactors and grow 
methods (HYPE, MOCVD, and MBE, for example). 

[0052] Process Steps 

[0053] FIG. 2 is a flowchart illustrating the process steps 
of the preferred embodiment of the present invention. Spe-
cifically, these process steps comprise a method for growing 
planar, semi-polar nitride films in which a large area of the 
planar, semi-polar nitride film is parallel to the substrate's 
surface. 

[0054] Block 10 represents the optional step of preparing 
the substrate. For example, the preparation may involve 
performing a miscut of the substrate. For the growth of {10 
1 1 } GaN, a (100) spinel substrate is used with a miscut in the 
<011>direction (which includes <010> and <011>). For the 
growth of {1013} GaN, an on-axis (110) spinel substrate is 
used. The (110) spinel may or may not have a miscut in any 
direction, but a miscut is not necessary as it is to grow {10 
I 1 } GaN on (100) spinel. 

[0055] Block 12 represents the step of loading the sub-
strate into an HVPE reactor. The reactor is evacuated to at 
least 9E-2 torr to remove oxygen, then it is backfilled with 
nitrogen. 

[0056] Block 14 represents the step of turning on the 
furnace and ramping the temperate of the reactor under 
conditions to encourage nitridization of the surface of the 
substrate. 

[0057] Block 16 represents the step of performing a gas 
flow. The process generally flows nitrogen, hydrogen, and/or 
ammonia over the substrate at atmospheric pressure. 

[0058] Block 18 represents the step of reducing the pres-
sure in the reactor. The furnace setpoint is 1000° C., and 
when it reaches this temperature, the pressure of the reactor 
is reduced to 62.5 torr. 

[0059] Block 20 represents the step of performing a GaN 
growth. After the pressure is reduced, the ammonia flow is 
set to 1.0 slpm (standard liters per minute), and HCl (hydro-
gen chloride) flow over Ga (gallium) of 75 sccm (standard 
cubic centimeters per minute) is initiated to start the growth 
of GaN. 

[0060] Block 22 represents the step of cooling down the 
reactor. After 20 to 60 minutes of GaN growth time, the HCl 
flow is stopped, and the reactor is cooled down while 
flowing ammonia to preserve the GaN film. 

[0061] The end result of these steps comprises a planar, 
semi-polar nitride film in which a large surface area (at least 
10 mmxl0 mm or a 2 inch diameter) of the planar, semi-
polar nitride film is parallel to the substrate's surface. 

[0062] Although the process steps are described in con-
junction with a spinel substrate, m-plane sapphire can be 
used to grow either {1122} GaN or {1013} GaN. The 
process is the same as described above, with one exception. 
For growth of {1122} GaN, ammonia is flowed while the 
furnace is ramping to the growth temperature, thus the 
nitridation occurs at low temperature. To select for {1013} 
GaN, only hydrogen and nitrogen can be flowed during the 
ramp temperature step. The substrate should then be sub-
jected to a high temperature nitridation with ammonia flow 
at the growth temperature. 

[0063] After the semi-polar film has been grown using the 
HVPE system, Block 22 represents the step of growing 
device layers on the substrate using MOCVD or MBE. This 
step usually involves doping the nitride layers with n-type 
and p-type, and growing one or several quantum wells in the 
regrowth layer. An LED can be made in this step using 
standard LED processing methods in a cleanroom. 

[0064] FIG. 3 is a photograph of a green LED grown by 
MOCVD on a {1011} GaN template grown by HYPE. 
Specifically, the template was grown by the previously 
described HVPE growth process, and the LED structure was 
grown by MOCVD. This is the first {1011} GaN LED. 

[0065] Possible Modifications and Variations 

[0066] The scope of this invention covers more than just 
the particular examples cited. This idea is pertinent to all 
nitrides on any semi-polar plane. For example, one could 
grow {1011} A1N, InN, A1GaN, InGaN, or A1InN on a 
miscut (100) spinel substrate. Another example is that one 
could grow {1012} nitrides, if the proper substrate is found. 
These examples and other possibilities still incur all of the 
benefits of planar semi-polar films. 

[0067] The research that was performed in Shuji Naka- 
mura's Lab at University of California, Santa Barbara, was 
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done using HVPE; however, direct grow of semi-polar 
planes of nitrides should be possible using MOCVD and 
MBE as well. The epitaxial relations should be the same for 
most growth method, although it can vary as seen in the 
example of GaN on m-plane sapphire. For example, an 
MOCVD grown {1011} GaN LED could be grown directly 
on miscut (100) spinel without an HVPE template. This idea 
covers any growth technique that generates a planar semi-
polar nitride film. 

[0068] The reactor conditions will vary by reactor type 
and design. The growth described here 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 was also 
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. 

[0069] There are other steps that could vary in the growth 
process. A nucleation layer has been found unnecessary for 
our reactor conditions; however, it may or may not be 
necessary to use a nucleation layer for other reactors, which 
is common practice in the growth of GaN films. It has also 
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. 

[0070] Advantages and Improvements 

[0071] 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 detri-
mental 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. 

[0072] Non-polar planes could be used to 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. { 1 I00} GaN is grown at low pressure, 
but when the pressure is increased to 760 torr, all other 
things being equal, c-plane GaN will result. This is probably 
related to the outline of the unit cell for the two planes. A 
further difficulty of {1120} GaN is In incorporation for 
InGaN devices. Results have found In incorporation to be 
quite favorable for {1011} GaN. 

[0073] The advantage of planar semi-polar films 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 is parallel to the substrate surface, unlike that 
of ELO sidewall semi-polar planes. 

[0074] In summary, the present invention establishes that 
planar semi-polar films of nitrides can be grown. This has 
been experimentally confirmed for four separate cases. The 
previously discussed advantages will be pertinent to all 
planar semi-polar films. 
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CONCLUSION 

[0082] 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 descrip-
tion. 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. It 
is intended that the scope of the invention be limited not by 
this detailed description, but rather by the claims appended 
hereto. 

What is claimed is: 
1. A method for growing a nitride film, comprising: 

growing a planar, semi-polar nitride film on a substrate, 
wherein the planar, semi-polar nitride film is grown 
parallel to the substrate's surface. 

2. The method of claim 1, wherein a surface area of the 
planar, semi-polar nitride film of at least 10 mmxl0 mm is 
parallel to the substrate's surface. 

3. The method of claim 1, wherein a surface area of the 
planar, semi-polar nitride film having at least a 2 inch 
diameter is parallel to the substrate's surface. 

4. The method of claim 1, wherein the planar, semi-polar 
nitride film is {011 } gallium nitride (GaN) grown on a { 100} 
spinel substrate miscut in specific directions. 

5. The method of claim 4, wherein the specific directions 
comprise <001>, <010> and <011>. 

6. The method of claim 1, wherein the planar, semi-polar 
nitride film is {1011} A1N, InN, A1GaN, InGaN, or A1InN 
grown on a (100) spinel substrate miscut in specific direc-
tions. 



US 2006/0205199 Al 
	

Sep. 14, 2006 
I 

7. The method of claim 6, wherein the specific directions 
comprise <001>, <010> and <011>. 

8. The method of claim 1, wherein the planar, semi-polar 
nitride film is {1013} gallium nitride (GaN) grown on a 
{110} spinel substrate. 

9. The method of claim 1, wherein the planar, semi-polar 
nitride film is {1122} gallium nitride (GaN) grown on a 
{1100} sapphire substrate. 

10. The method of claim 1, wherein the planar, semi-polar 
nitride film is {103} gallium nitride (GaN) grown on a 
{1000} sapphire substrate. 

11. The method of claim 1, further comprising the steps 
of: 

loading the substrate into a reactor, wherein the reactor is 
evacuated to remove oxygen, and then backfilled with 
nitrogen; 

turning on a furnace and ramping a temperature of the 
reactor under conditions that encourage nitridization of 
the substrate's surface; 

performing a gas flow of nitrogen, hydrogen, or ammonia 
over the substrate at atmospheric pressure; 

reducing the reactor's pressure when the furnace reaches 
a setpoint temperature; 

performing a gallium nitride (GaN) growth on the sub-
strate, after the reactor's pressure is reduced, by flow-
ing ammonia, and initiating a flow of hydrogen chlo-
ride (HCl) over gallium (Ga) to start the growth of the 
GaN; and 

cooling down the reactor after the growth of the GaN, 
wherein the HCl flow is stopped, and the reactor is 
cooled down while flowing ammonia to preserve the 
GaN. 

12. The method of claim 11, wherein the substrate is 
miscut before being loaded into the reactor. 

13. The method of claim 11, wherein, for growth of 
{1122} GaN, ammonia is flowed while the furnace is 
ramping to the growth temperature, so that nitridation occurs 
at low temperature. 

14. The method of claim 11, wherein, for growth of 
{1013} GaN, only hydrogen and nitrogen are flowed during 
the temperature ramping step, and the substrate is then 
subjected to a high temperature nitridation with ammonia 
flow at the growth temperature. 

15. The method of claim 1, further comprising, after the 
planar, semi-polar nitride film has been grown, growing one 
or more device layers on the on the planar, semi-polar nitride 
film. 

16. The method of claim 15, wherein the step of growing 
the device layers on the planar, semi-polar nitride film 
includes doping the device layers with n-type and p-type 
dopants, and growing one or more quantum wells in a 
regrowth layer. 

17. The method of claim 16, further comprising fabricat-
ing a light emitting diode from the device layers. 

18. A planar, semi-polar nitride film grown using the 
method of claim 1. 
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