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METHOD AND APPARATUS FOR SINGLE 
CRYSTAL GALLIUM NITRIDE (GAN) BULK 

SYNTHESIS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to the ?eld of materials 
science and more particularly to the growth of semiconduc 
tor crystals. 

[0003] 2. Description of the Related Art 

[0004] There is currently a demand in the computer and 
telecommunication industries for multicolor light emitting 
displays and improved data density in communication and 
recording. As a result of this demand, there is a strong desire 
for a semiconductor light emitting element capable of emit 
ting light having shorter Wavelengths ranging from a blue 
light Wavelength to an ultraviolet Wavelength. 

[0005] The III-V nitrides, as a consequence of their elec 
tronic and optical properties and heterostructure character, 
are highly advantageous for use in the fabrication of a Wide 
range of microelectronic structures. In addition to their Wide 
band gaps, the III-V nitrides also have direct band gaps and 
are able to form alloys Which permit fabrication of Well 
lattice-matched heterostructures. Consequently, devices 
made from the III-V nitrides can operate at high tempera 
tures, With high poWer capabilities, and can efficiently emit 
light in the blue and ultraviolet regions of the electromag 
netic spectrum. Devices fabricated from III-V nitrides have 
applications in full color displays, super-luminescent light 
emitting diodes (LEDs), high density optical storage sys 
tems, and excitation sources for spectroscopic analysis 
applications. Furthermore, high temperature applications are 
found in automotive and aeronautical electronics. 

[0006] Effective use of these advantages of the III-V 
nitrides, hoWever, requires that such materials have device 
quality and structure accommodating abrupt heterostructure 
interfaces. As such, the III-V nitrides must be of single 
crystal character and substantially free of defects that are 
electrically or optically active. 

[0007] Gallium nitride (or GaN) is a particularly advan 
tageous III-V nitride and attention has recently focused on 
gallium nitride related compound semiconductors (In(x 
)Ga(y)Al(1-x-yN) (Oéx, y; x+y§ 1) as materials for emit 
ting blue light. This nitride species can be used to provide 
optically ef?cient, high temperature, Wide band gap hetero 
structure semiconductor systems having a convenient, 
closely matched heterostructure character. The direct tran 
sition type band structure of GaN permits highly ef?cient 
emission of light. Moreover, GaN emits light of shorter 
Wavelength ranging from a blue light Wavelength to an 
ultraviolet Wavelength, due to a great band gap at room 
temperature of about 3.4 eV. 

[0008] As no GaN substrates are currently found in the art, 
groWth of these compounds must initially take place het 
eroepitaxially, for example GaN on silicon. HoWever, het 
eroepitaxial groWth has several technical drawbacks. In 
particular, tWo types of defects arise as a result of heteroepi 
taxial groWth: dislocation defects due to lattice mismatch: 
and (ii) dislocation defects due to different thermal coeffi 
cients betWeen the substrate and the epitaxial layer. 
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[0009] The ?rst type of defect includes dislocations due to 
the lattice mismatch betWeen the GaN layer and the sub 
strate. One typical substrate is sapphire. In the case Where a 
gallium nitride related compound semiconductor crystal is 
groWn on a sapphire substrate, a lattice mismatch up to 
approximately 16% is found betWeen the GaN and the 
substrate. SiC is a closer lattice match, at ant approximate 
lattice mismatch of 3%, but the mismatch is still quite large. 
Many other substrates have been used, but all of them have 
large lattice mismatches and result in a high density of 
defects in the groWn layers. 

[0010] The second type of defect includes dislocations 
generated during cool-doWn after groWth. This defect is a 
result of different thermal coef?cients of expansion of the 
substrate and epitaxial layer. 

[0011] There are tWo typical methods in use for groWing 
GaN compound semiconductor crystals. HoWever, both suf 
fer from de?ciencies and/or limitations adversely affecting 
the quality of the GaN product. A ?rst method uses a single 
crystalline sapphire as a substrate. Abuffer layer is groWn on 
the substrate for the purpose of relaxation of lattice mis 
matching betWeen the sapphire substrate and the GaN com 
pound semiconductor crystal. The buffer layer may be a AlN 
buffer layer or a GaAlN buffer layer. A GaN compound 
semiconductor crystal is groWn in the buffer layer. While the 
buffer layers improve the crystallinity and surface morphol 
ogy of the GaN compound semiconductor crystal, the crystal 
remains in a distorted state because of the lattice mismatch 
With the sapphire substrate. This distorted state results in 
dislocation defects described herein. 

[0012] A second method attempts to reduce the lattice 
mismatch by providing a single crystal material as a sub 
strate having a crystal structure and lattice constant that 
closely matches that of the GaN compound semiconductor 
crystal. One embodiment of this method uses aluminum 
garnet or gallium garnet as a substrate, but the lattice match 
using these compounds is not suf?cient to provide much 
improvement. Another embodiment of this method uses 
substrate materials including MnO, ZnO, MgO, and CaO. 
While these oxides provide a better lattice match With the 
substrate, the oxides undergo thermal decomposition at the 
high temperatures required for the groWth of the GaN 
compound semiconductor. Thermal decomposition of the 
substrate adversely affects the quality of the semiconductors 
obtained using this method. 

[0013] As a result of these problems, typical GaN semi 
conductor devices suffer from poor device characteristics, 
short life span, and high cost. Full utiliZation of the prop 
erties of GaN semiconductors cannot be realiZed until a 
suitable substrate is available that alloWs for groWth of high 
quality homoepitaxial layers. This requires development of 
processes for groWth of the substrate material. For device 
applications, therefore, it Would be highly advantageous to 
provide substrates of GaN, for epitaxial groWth thereon of a 
GaN crystal layer. Thus, it Would be a signi?cant advance in 
materials science to provide GaN in bulk single crystal form, 
suitable for use as a substrate body for the fabrication of 
microelectronic structures. 

SUMMARY OF THE INVENTION 

[0014] A method and apparatus for homoepitaxial groWth 
of freestanding, single bulk crystal Gallium Nitride (GaN) 
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are provided. The fabrication method includes a step of 
nucleating GaN in a reactor at a temperature less than 
approximately 800 degrees Celsius and a pressure substan 
tially in the range of 10-3 Torr to 10-6 Torr. This nucleation 
phase results in a ?rst GaN structure, or GaN nucleation 
layer, having a thickness of a feW monolayers. The nucle 
ation layer is stabilized, and a single bulk crystal GaN is 
groWn from gas phase reactants on the GaN nucleation layer 
in the reactor at a temperature substantially in the range of 
450 degrees Celsius to 1250 degrees Celsius and a pressure 
substantially in the range of 10-3 Torr to atmosphere. The 
reactor is formed from ultra loW oxygen stainless steel. 

[0015] The descriptions provided herein are exemplary 
and explanatory and are provided as examples of the 
claimed invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] The accompanying draWings illustrate embodi 
ments of the claimed invention. In the draWings: 

[0017] FIG. 1 is a How chart of a method of groWing 
freestanding, single bulk crystal Gallium Nitride (GaN) by 
homoepitaxy in an embodiment. 

[0018] FIG. 2 is a side elevation diagram of a single bulk 
crystal GaN of an embodiment. 

[0019] FIG. 3 is a diagram of a reactor chamber in Which 
the GaN semiconductor crystal of an embodiment is groWn. 

DETAILED DESCRIPTION 

[0020] FIG. 1 is a How chart of a method of groWing 
freestanding, single bulk crystal Gallium Nitride (GaN) by 
homoepitaxy in an embodiment. FIG. 2 is a side elevation 
diagram of a single bulk crystal GaN of an embodiment The 
fabrication begins at step 102, the step of nucleating GaN on 
a susceptor 202 in a reactor at a temperature less than 
approximately 800 degrees Celsius and a pressure substan 
tially in the range of 10-3 Torr to 10-6 Torr. In various 
embodiments, the temperature can be in the range of 300 to 
800° C., With a preferred range of 350 to 750° C. and speci?c 
embodiments of 400, 500 and 600° C. Similarly, the pressure 
can be in the range of 10'3 Torr to 10'5 Torr, With a preferred 
embodiment of 10-5 Torr. The nucleation step 102 results in 
a ?rst GaN structure, or GaN nucleation layer 204, With a 
thickness of a feW monolayers having a dimension thickness 
in the range of 10 to 70 Angstroms. In a preferred embodi 
ment, nucleation layer 204 comprises ten monolayers With a 
thickness of 25 Angstroms. 

[0021] The GaN nucleation layer 204 is stabiliZed, at step 
104, and a single bulk crystal GaN 206 is groWn from gas 
phase reactants on the GaN nucleation layer 204 in the 
reactor at a temperature substantially in the range of 450 
degrees Celsius to 1250 degrees Celsius and a pressure 
substantially in the range of 10-3 Torr to atmospheric pres 
sure, at step 106. The single bulk crystal GaN structure 204 
and 206 is removed from the susceptor 202, at step 108. The 
reactor of an embodiment is formed from ultra loW oxygen 
stainless steel. 

[0022] By eliminating the need for a base substrate of 
different material, or non-GaN material, the method and 
apparatus described herein achieves markedly superior 
results. Dislocation defect densities are several orders of 
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magnitude less than typical methods. Furthermore, this 
method permits the groWth of crystals to thickness greater 
than 100 micrometers, several orders of magnitude greater 
than typical methods. 

[0023] The freestanding single bulk GaN semiconductors 
produced using the technologies described herein can be 
used in a variety of optoelectronic devices, including blue 
and green light-emitting diodes (LEDs) and laser diodes 
(LDs). These semiconductors and the devices in Which they 
are components are used in providing an enabling technol 
ogy for a Wide variety of consumer, computer, business, 
telecommunications and industrial products including, but 
not limited to, digital video disk (DVD) devices, audio 
compact disk (CD) devices, computer CD-ROM drives, 
optical data storage devices, laser printers, reWritable optical 
storage drives, barcode scanners, computer-to-plate digital 
printing presses, detectors, lasers for optical ?ber commu 
nication, full color electronic outdoor displays, and ?at panel 
displays. Furthermore, as three primary colors can be gen 
erated using GaN semiconductor materials, White light 
sources With adjustable mood coloring Will become avail 
able using the freestanding single bulk GaN semiconductor 
devices described herein. 

[0024] In an embodiment, a GaN semiconductor crystal is 
groWn Without a typical non-GaN base substrate. A three 
step process is provided including a ?rst step of creating a 
nucleation layer, a second step of an interconnection pro 
cess, and a third step of groWing a single crystal GaN layer 
on the nucleation layer. 

[0025] FIG. 3 is a diagram of a reactor chamber 300 in 
Which the GaN semiconductor crystal of an embodiment is 
groWn. The reactor chamber 300 of an embodiment is a 
double Walled chamber having an inside diameter of 
approximately 14 inches. The reactor chamber 300 includes 
a cooling system in the main body and the inlet gas body. 
The cooling system uses Water, but is not so limited. The 
reactor chamber 300 includes at least one port 302 for 
vieWing, loading, and unloading, and at least one pumping 
port 304. In one embodiment the chamber includes tWo or 
more pumping ports 304. 

[0026] The reactor chamber 300 of an embodiment is 
formed from ultra loW oxygen stainless steel, for example 
grade 316L or 30316L or S31603 stainless steel or other 316 
stainless steel knoWn in the art, in order to reduce or 
eliminate introduction of impurities during the crystal groW 
ing process. The Welds used in forming the reactor chamber 
300 are performed so that oxygen contamination is pre 
vented in the area of the Welds. Furthermore, ultra loW 
oxygen copper gaskets are used in sealing the reactor 
chamber access ports. In one embodiment, the copper gas 
kets are used With 316L stainless steel Con?at® ?anges and 
?ange components. 
[0027] The reactor chamber supports pressures as loW as 
10'12 Torr, but is not so limited. A staged vacuum system 
and scrubber 305 are used, Wherein rotary pumps 306 
gen3erate and/or support pressures as loW as approximately 
10 Torr. The rotary pumps 306 are rated for 700 liters per 
minute. Reactor chamber pressures betWeen approximately 
10-3 Torr and 10-2 Torr are provided using at least one 
turbomolecular pump 308 and another rotary pump 310. The 
turbomolecular pump 308 is rated for 1,000 liters per 
second, and the other rotary pump 310 is rated for 450 liters 
per minute. 
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[0028] The reactor chamber is coupled to a number of gas 
sources through a number of valves or regulators 312. The 
gas sources are contained in a gas source control cabinet 
314. 

[0029] The reactor chamber comprises at least one heating 
unit capable of providing a reactor chamber environment 
having a temperature of at least 2500 degrees Celsius. In an 
embodiment, reactor chamber temperature disparity is mini 
miZed using a three Zone heating unit, but is not so limited. 
Furthermore, the heating unit is rotatable independently of 
the reactor chamber up to a speed of approximately 1500 
revolutions per minute (RPM), but is not so limited. The 
heating unit height can be raised or loWered through a range 
of approximately 0.50 inches to 0.75 inches. The heating 
elements of the heating unit comprise graphite elements 
epitaxially coated With silicon carbide or pyro-boron nitride. 
The pyro-boron nitride material can be commercially 
obtained. 

[0030] The ?rst step in groWing a GaN semiconductor 
crystal Without a typical base substrate includes groWing a 
nucleation layer. In an embodiment, a Pyro-Boron-Nitride 
(PBN) susceptor is rinsed With an organic solvent and set in 
the reactor chamber. The susceptor has a thickness of 
approximately 3.5 to 4.5 millimeters and a diameter of 
approximately 5 inches, and is capable of holding three GaN 
semiconductor Wafers, but is not so limited. In a preferred 
embodiment, the susceptor thickness is 4 mm. The param 
eters of the reactor chamber environment are then set and 
stabiliZed, parameters including but not limited to pressure, 
temperature, and rotational velocity. 
[0031] In setting the parameters of the reactor chamber, 
the reactor chamber environment is controlled to maintain a 
selected pressure of betWeen 10'3 Torr and 10'6 Torr. In an 
embodiment, the selected pressure is 10-5 Torr, but is not so 
limited. In an embodiment, the selected pressures of the 
particular process phases, including the nucleation phase 
and the GaN crystal groWth phase, are maintained through 
the use of the pumps described herein. The reactor chamber 
environment is heated to a selected temperature in the range 
of 300 degrees Celsius to 800 degrees Celsius. The reactor 
chamber temperature is controlled to maintain the selected 
temperature plus or minus 1 degree Celsius. The reactor 
chamber is then controllably rotated at 700 RPM plus or 
minus 50 RPM. 

[0032] The reactor chamber includes receptacles for 
receiving a number of gases into the reactor chamber. The 
gases received in the reactor chamber of an embodiment 
include Nitrogen (N2), Hydrogen (H2), Ammonia (NH3), 
Gallium (Ga), Aluminum (Al), and Indium (In), each having 
a purity of at least 99.99999%. 

[0033] Upon stabiliZing the reactor chamber environment, 
the surface of the susceptor is cleaned by introducing 
Nitrogen gas into the reactor chamber. FolloWing this clean 
ing, the gases used in the nucleation phase are simulta 
neously introduced into the reactor chamber. The How rates 
of the gases are adjusted for the nucleation phase, and the 
folloWing ?oW rates are used in an embodiment: Nitrogen is 
provided at a How rate of 5 to 10 cubic centimeters per 
minute; Ammonia is provided at a How rate of 0.1 to 0.25 
liters per minute; Gallium is provided at a How rate of 0.001 
to 0.002 liters per minute; Aluminum is provided at a How 
rate of 0.001 to 0.002 liters per minute; and, Indium is 
provided at a How rate of 0.001 to 0.002 liters per minute. 
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[0034] A GaN nucleation layer is groWn during the nucle 
ation phase for a period of 10 minutes folloWing introduc 
tion of the gas mixtures to the reactor chamber. The nucle 
ation layer obtained in an embodiment includes 5 to 30 
monolayers having a thickness substantially in the range of 
10 Angstroms to 70 Angstroms plus or minus 10 Angstroms. 
The nominal nucleation layer includes 10 monolayers hav 
ing a thickness of approximately 25 Angstroms, but is not so 
limited. 

[0035] The second step in groWing a GaN semiconductor 
crystal Without a typical base substrate includes an inter 
connection process betWeen the generation of a nucleation 
layer and the GaN layer groWth. The interconnection process 
is used to stabiliZe the GaN nucleation layer during a change 
in the environmental conditions of the reactor chamber. 

[0036] During the interconnection process, the tempera 
ture of the reactor chamber environment is changed at a 
constant rate of 3 degrees Celsius per minute to a second 
selected temperature that is appropriate for groWth of the 
GaN layer. This second selected temperature is in the range 
of 450 degrees Celsius to 1250 degrees Celsius. Upon 
reaching the second selected temperature, the reactor cham 
ber environment temperature is controlled to maintain the 
second selected temperature plus or minus 2 degrees Cel 
sius. The reactor chamber environment is controlled to a 
selected pressure betWeen 10'3 Torr and atmospheric pres 
sure. The reactor chamber continues to be controllably 
rotated at 700 RPM plus or minus 50 RPM. The gases 
continue to be provided using the How rates of the nucleation 
phase. 

[0037] Measurements may be taken of the nucleation layer 
during the groWth of the nucleation layer and the intercon 
nection process, but the embodiment is not so limited. 
Speci?c measurements that can be made include thickness 
and composition using elipsometric methods and instrumen 
tation knoWn in the art. Also, temperature measurement can 
by made using a pyrometer or other thermal instrumentation 
knoWn in the art. 

[0038] FolloWing completion of the interconnection pro 
cess, the gas ?oW rates into the reactor chamber are adjusted 
for the process of groWing the GaN layer on the nucleation 
layer, or the bulk phase. The folloWing ?oW rates are used 
in the bulk phase of an embodiment: Nitrogen is provided at 
a How rate of 2 to 3 liters per minute; Hydrogen is provided 
at a How rate of 2 to 3 liters per minute; Ammonia is 
provided at a How rate of 1 to 2 liters per minute; Gallium 
is provided at a How rate of 0.2 to 0.5 liters per minute; 
Aluminum is provided at a How rate of 0.2 to 0.5 liters per 
minute; and, Indium is provided at a How rate of 0.2 to 0.5 
liters per minute. 

[0039] The third step in groWing a GaN semiconductor 
crystal Without a typical base substrate includes groWing a 
GaN layer on the nucleation layer. A groWth rate of betWeen 
20 and 100 micrometers per hour can be achieved, With a 
nominal groWth rate of 100 micrometers per hour. The 
resultant single bulk crystals produced have dimensions of 
approximately 2 inches in diameter and a thickness of 
betWeen 100 to 350 pm, but are not so limited. 

[0040] The speci?cations of the GaN layer obtained as 
disclosed herein provide many advantages over the typical 
GaN layer groWn on a non-GaN substrate. The lattice 
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structure of the GaN layer is a WurtZite structure. The 
orientation of the GaN layer is (0001). The thickness of the 
GaN layer of an embodiment can be greater than 100 
micrometers With a thickness uniformity of +/—5 percent, 
Where the best thickness typically found in the prior art is 
only a feW micrometers With a thickness uniformity of +/—10 
percent. The dislocation density of an embodiment averages 
less than 105 per square centimeter. The dislocation density 
of the prior art averages approximately 109 per square 
centimeter. The full-Width half-maximum intensity of an 
embodiment as measured using uu-scan measurement is less 
than 100 arc seconds, Where that of the prior art is approxi 
mately 200 arc seconds. 

[0041] The GaN semiconductor of an embodiment can 
easily accommodate uniform n-type doping as a result of the 
GaN substrate. This GaN substrate makes uniform doping 
possible prior to fabrication of GaN-based optoelectronic 
devices because the dopant can be applied directly to the 
GaN substrate. In an embodiment the GaN substrate is 
doped With an impurity such as an n-type dopant knoWn in 
the art. The impurity or dopant can be applied to one or both 
sides of the GaN substrate. This provides the advantage of 
alloWing for the production of semiconductor devices, 
LEDS or other optoelectronic devices With doping on one 
both sides of the device. Uniform doping of typical GaN 
semiconductors having a non-GaN substrate is extremely 
dif?cult because the dopant has to be applied to the non-GaN 
substrate material. 

[0042] The background donor concentration (Nd—Na) of 
the GaN layer of an embodiment is less than 1016 per cubic 
centimeter. In other embodiments, the background donor 
concentration can be less than 1015, 1014 or 1013 per cubic 
centimeter (background donor concentrations can be mea 
sured using Hall methods). The best background donor 
concentrations typically found in the prior art are approxi 
mately 1018 per cubic centimeter. The reduction of the 
background donor concentration of the GaN layer of an 
embodiment is a signi?cant improvement because it pro 
vides a higher quality GaN crystal and hence improved 
performance of semiconductors, LEDs or other optoelec 
tronic devices made from GaN material of an embodiment. 

[0043] Although the claimed invention is described in 
terms of speci?c embodiments, it Will be understood that 
numerous variations and modi?cations may be made With 
out departing from the spirit and scope of the claimed 
invention as described herein and as set forth in the accom 
panying claims. 

EXPERIMENTAL EXAMPLE 

[0044] An experimental example of the production of the 
GaN single crystal includes a single crystal GaN groWn by 
a three step process of creating a nucleation layer on a 
Pyro-Boron-Nitride susceptor, a second interconnection or 
stabiliZation step, and a third step of groWing a GaN bulk 
layer on the nucleation layer. The Pyro-Boron-Nitride sus 
ceptor had a thickness of 3.5 to 4.5 mm, and it Was cleaned 
With an organic solvent. The reactor chamber described 
herein Was then evacuated to a pressure of 10-9 Torr. The 
temperature Was then raised to a temperature in the range 
300 to 800 degrees Celsius. The susceptor Was rotated 
relative to the reactor chamber using a rotational velocity of 
700 rpm. Chamber conditions Were stabiliZed for ten min 
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utes. The surface of the susceptor Was cleaned by introduc 
ing 99.9999% pure Nitrogen (N2) gas at a pressure of 10-3 
Torr. Nitrogen (N2) gas Was provided at a How rate of 5 to 
10 cubic centimeters per minute; Ammonia (NH3) gas Was 
provided at a How rate of 0.1 to 0.25 liters per minute; 
Gallium (Ga) gas Was provided at a How rate of 0.001 to 
0.002 liters per minute; Aluminum gas Was provided at 
a How rate of 0.001 to 0.002 liters per minute; and, Indium 
(In) gas Was provided at a How rate of 0.001 to 0.002 liters 
per minute. A Gan nucleation layer Was then groWn for a 
period of ten minutes. The Gan nucleation layer had con 
sisted of 5 to 30 monolayers having a total thickness of ten 
to 70 Angstroms. Measurements of the nucleation layer Were 
made using an elipsometer. Next, during the stabiliZation 
step the chamber Was raised to a temperature of 450 degrees 
Celsius at rate of 3 degrees per minute. The susceptor 
continued to be rotated relative to the reactor chamber at a 
rate of 700 rpm. The gas ?oW rates into the reactor chamber 
Were adjusted for the bulk groWth phase. The folloWing ?oW 
rates Were used in the bulk phase of an embodiment: 
Nitrogen (N2) gas Was provided at a How rate of 2 to 3 liters 
per minute; Hydrogen (H2) gas Was provided at a How rate 
of 2 to 3 liters per minute; Ammonia (NH3) gas Was 
provided at a How rate of 1 to 2 liters per minute; Gallium 
(Ga) gas Was provided at a How rate of 0.2 to 0.5 liters per 
minute; Aluminum gas Was provided at a How rate of 
0.2 to 0.5 liters per minute; and, Indium (In) gas Was 
provided at a How rate of 0.2 to 0.5 liters per minute. Next, 
during the bulk groWth step, a GaN bulk layer Was groWn on 
the nucleation layer at a rate of 20 to 100 micrometers per 
hour. The ?nal dimension of the bulk crystal Was 100 to 350 
micrometers in thickness. The resulting ?lm had a (0001) 
orientation. There Was little GaN material in another orien 
tation as determined by X-ray crystallography. The disloca 
tion density Was 105 per square centimeter as measured by 
SEM. The Hall mobility Was 300 vs/cm2. The background 
donor concentration (Nd—Na) of the layer Was <1016 per 
cm3. The luminescence of the GAN bulk crystal Was 3.42 
electron volts (eV) at room temperature. 

What is claimed is: 
1. A method for groWing a single freestanding Gallium 

Nitride (GaN) crystal, comprising: 

generating a GaN substrate structure by groWing a GaN 
nucleation layer on a susceptor, Wherein a thickness of 
the nucleation layer is at least one monolayer; 

stabiliZing the GaN substrate structure; and 

groWing a GaN layer on at least one surface of the GaN 
substrate structure using a plurality of gas phase reac 
tants. 

2. The method of claim 1, further comprising: 

providing a reactor chamber formed from ultra loW oxy 
gen stainless steel; 

cleaning the susceptor; 

setting the susceptor in the reactor chamber; 

rotating at least one of the reactor chamber and at least 
one heating element; and 

initialiZing and stabiliZing an environment of the reactor 
chamber. 
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3. The method of claim 2, wherein generation of the GaN 
substrate structure is performed When the environment of the 
reactor chamber is stabilized and controlled Within a ?rst set 
of environmental parameters. 

4. The method of claim 3, Wherein the ?rst set of 
environmental parameters includes a pressure selected from 
a range of 10'3 Torr and 10'6 Torr and a temperature selected 
from a range of 300 degrees Celsius and 800 degrees 
Celsius, Wherein the selected temperature is maintained 
Within plus or minus 1 degree Celsius. 

5. The method of claim 2, Wherein groWth of the GaN 
layer is performed When the environment of the reactor 
chamber is stabiliZed and controlled Within a second set of 
environmental parameters. 

6. The method of claim 5, Wherein the second set of 
environmental parameters includes a pressure selected from 
a range of 10'3 Torr and atmosphere and a temperature 
selected from a range of 450 degrees Celsius and 1250 
degrees Celsius, Wherein the selected temperature is main 
tained Within plus or minus 2 degrees Celsius. 

7. The method of claim 2, Wherein stabiliZing the GaN 
substrate structure comprises changing the environment of 
the reactor chamber from a ?rst se of environmental param 
eters to a second set of environmental parameters. 

8. The method of claim 1, Wherein the plurality of gas 
phase reactants comprise gases selected from a group con 
sisting of Nitrogen, Hydrogen, Ammonia, Gallium, Alumi 
num, and Indium. 

9. The method of claim 1, Wherein groWth of the GaN 
nucleation layer comprises exposing a Pyro-Boron-Nitride 
(PBN) susceptor to a ?rst gas mixture comprising hydrogen 
gas, nitrogen gas, ammonia gas, and a second gas mixture 
comprising at least one group III-V metal alloy. 

10. The method of claim 9, Wherein the PBN susceptor 
has a thickness of approximately 4 millimeters and a diam 
eter of approximately 5 inches, Wherein the PBN susceptor 
holds 3 GaN semiconductor Wafers. 

11. The method of claim 1, Wherein the nucleation layer 
comprises 5 to 30 monolayers, Wherein the nucleation layer 
has a thickness dimension approximately in a range of 10 to 
70 Angstroms. 

12. The method of claim 1, Wherein the GaN layer is 
groWn at a rate betWeen 20 and 100 micrometers per hour, 
Wherein the lattice structure is WurtZite. 

13. A nitride semiconductor device comprising: 

a GaN substrate structure formed by groWing a GaN 
nucleation layer on a susceptor, Wherein a thickness of 
the nucleation layer is at least one monolayer, Wherein 
the GaN substrate structure is stabiliZed; and 

a GaN layer, Wherein the GaN layer is groWn on at least 
one surface of the GaN substrate structure using a 
plurality of gas phase reactants. 

14. The nitride semiconductor device of claim 13, 
Wherein the GaN substrate structure and the GaN layer are 
groWn in a reactor chamber formed from ultra loW oxygen 
stainless steel. 

15. The nitride semiconductor device of claim 14, 
Wherein generation of the GaN substrate structure is per 
formed When the environment of the reactor chamber is 
stabiliZed and controlled Within a ?rst set of environmental 
parameters, Wherein the ?rst set of environmental param 
eters includes a pressure selected from a range of 10-3 Torr 
and 10'6 Torr and a temperature selected from a range of 300 
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degrees Celsius and 800 degrees Celsius, Wherein the 
selected temperature is maintained Within plus or minus 1 
degree Celsius. 

16. The nitride semiconductor device of claim 14, 
Wherein groWth of the GaN layer is performed When the 
environment of the reactor chamber is stabiliZed and con 
trolled Within a second set of environmental parameters, 
Wherein the second set of environmental parameters 
includes a pressure selected from a range of 10-3 Torr and 
atmosphere and a temperature selected from a range of 450 
degrees Celsius and 1250 degrees Celsius, Wherein the 
selected temperature is maintained Within plus or minus 2 
degrees Celsius. 

17. The nitride semiconductor device of claim 13, 
Wherein the plurality of gas phase reactants comprise gases 
selected from a group consisting of Nitrogen, Hydrogen, 
Ammonia, Gallium, Aluminum, and Indium. 

18. The nitride semiconductor device of claim 13, 
Wherein groWth of the GaN nucleation layer comprises 
exposing a Pyro-Boron-Nitride (PBN) susceptor to a ?rst 
gas mixture comprising hydrogen gas, nitrogen gas, ammo 
nia gas, and a second gas mixture comprising at least one 
group III-V metal alloy. 

19. The nitride semiconductor device of claim 13, 
Wherein the nucleation layer comprises 5 to 30 monolayers, 
Wherein the nucleation layer has a thickness dimension 
approximately in a range of 10 to 70 Angstroms, Wherein the 
GaN layer is groWn at a rate betWeen 20 and 100 microme 
ters per hour, Wherein the lattice structure is WurtZite. 

20. The nitride semiconductor device of claim 13, 
Wherein the nitride semiconductor device is used in at least 
one device selected from a group consisting of light-emitting 
diodes and laser diodes. 

21. A light emitting device comprising a nitride semicon 
ductor device, the nitride semiconductor device comprising: 

a GaN substrate structure formed by groWing a GaN 
nucleation layer on a susceptor, Wherein a thickness of 
the nucleation layer is at least one monolayer, Wherein 
the GaN substrate structure is stabiliZed; and 

a GaN layer, Wherein the GaN layer is groWn on at least 
one surface of the GaN substrate structure using a 
plurality of gas phase reactants. 

22. The light emitting device of claim 21, Wherein the 
GaN substrate structure and the GaN layer are groWn in a 
reactor chamber formed from ultra loW oxygen stainless 
steel. 

23. The light emitting device of claim 22, Wherein gen 
eration of the GaN substrate structure is performed When the 
environment of the reactor chamber is stabiliZed and con 
trolled Within a ?rst set of environmental parameters, 
Wherein the ?rst set of environmental parameters includes a 
pressure selected from a range of 10-3 Torr and 10-6 Torr 
and a temperature selected from a range of 300 degrees 
Celsius and 800 degrees Celsius, Wherein the selected tem 
perature is maintained Within plus or minus 1 degree Cel 
sius. 

24. The light emitting device of claim 22, Wherein groWth 
of the GaN layer is performed When the environment of the 
reactor chamber is stabiliZed and controlled Within a second 
set of environmental parameters, Wherein the second set of 
environmental parameters includes a pressure selected from 
a range of 10-3 Torr and atmosphere and a temperature 
selected from a range of 450 degrees Celsius and 1250 
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degrees Celsius, Wherein the selected temperature is main 
tained Within plus or minus 2 degrees Celsius. 

25. The light emitting device of claim 21, Wherein the 
plurality of gas phase reactants comprise gases selected from 
a group consisting of Nitrogen, Hydrogen, Ammonia, Gal 
lium, Aluminum, and Indium. 

26. The light emitting device of claim 21, Wherein groWth 
of the GaN nucleation layer comprises exposing a Pyro 
Boron-Nitride (PBN) susceptor to a ?rst gas mixture com 
prising hydrogen gas, nitrogen gas, ammonia gas, and a 
second gas mixture comprising at least one group III-V 
metal alloy. 

27. The light emitting device of claim 21, Wherein the 
nucleation layer comprises 5 to 30 monolayers, Wherein the 
nucleation layer has a thickness dimension approximately in 
a range of 10 to 70 Angstroms, Wherein the GaN layer is 
groWn at a rate betWeen 20 and 100 micrometers per hour, 
Wherein the lattice structure is WurtZite. 

28. The light emitting device of claim 21, Wherein the 
light emitting device comprises at least one device selected 
from a group consisting of light-emitting diodes and laser 
diodes. 

29. A composition of matter for a nitride semiconductor 
device comprising: 

a GaN substrate structure including a GaN nucleation 
layer on a susceptor, the GaN substrate structure being 
stabilized, and Wherein a thickness of the nucleation 
layer is at least one monolayer; and 

a GaN layer adjacent the substrate structure, Wherein the 
GaN layer is groWn on at least one surface of the GaN 
substrate structure. 

30. The composition of matter of claim 29, Wherein the 
nucleation layer comprises 5 to 30 monolayers. 

31. The composition of matter of claim 29, Wherein the 
nucleation layer has a thickness approximately in the range 
of 10 to 70 Angstroms. 
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32. The composition of matter of claim 29, Wherein at 
least one of the nucleation layer or the GaN substrate 
structure has a WurtZite lattice structure. 

33. The composition of matter of claim 29, Wherein one 
of a defect density, a dislocation defect density, or an optical 
defect density is less than 108/cm2. 

34. The composition of matter of claim 29, Wherein one 
of a defect density, a dislocation defect density, or an optical 
defect density is less than 107/cm2. 

35. The composition of matter of claim 29, Wherein one 
of a defect density, a dislocation defect density, or an optical 
defect density is less than 106/cm2. 

36. The composition of matter of claim 29, Wherein one 
of a defect density, a dislocation defect density, or an optical 
defect density is less than 105/°m2. 

37. The composition of matter of claim 29, Wherein an 
amount of nitrogen vacancies is less than 1019/cm3. 

38. The composition of matter of claim 29, Wherein an 
amount of nitrogen vacancies is less than 1018/cm3. 

39. The composition of matter of claim 29, Wherein an 
amount of nitrogen vacancies is less than 1017/cm3. 

40. The composition of matter of claim 29, Wherein the 
GaN layer has a full-Width half maximum intensity of less 
than 100 arc seconds as measured using an uu-scan mea 
surement. 

41. The composition of matter of claim 29, further com 
prising an impurity. 

42. The composition of matter of claim 41, Wherein the 
GaN layer is doped With the impurity. 

43. The composition of matter of claim 41, Wherein the 
impurity is a dopant. 

44. The composition of matter of claim 41, Wherein the 
impurity is an n-type dopant. 


