
(19) United States 

Solomon et al. 

US 20020182889A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0182889 A1 
(43) Pub. Date: Dec. 5, 2002 

(54) FREE STANDING SUBSTRATES BY 
LASER-INDUCED DECOHERENCY AND 

(76) 

(21) 

(22) 

(51) 

3) 

REGROWTH 

Inventors: Glenn S. Solomon, Redwood City, CA 
(US); David J. Miller, San Francisco, 
CA (US) 

Correspondence Address: 
JOSHUA D. ISENBERG 
204 CASTRO LANE 
FREMONT, CA 94539 (US) 

Appl. No.: 09/874,939 

Filed: Jun. 4, 2001 

Publication Classi?cation 

Int. Cl.7 ................................................ .. H01L 21/469 

502 
“ b 

L \501 ) 
T ~ 1000°C 

506 

\_ A / /: }507 d) 

T N lOOOOC 

X L X AJ>508 

(52) Us. 01. ............................................................ .. 438/778 

(57) ABSTRACT 

Amethod for the production of crack-free Group III-Nitride 
layers is disclosed. The method proceeds by growing a 
crack-free ?rst layer of Group III-Nitride on a starting 
substrate. A partial to complete loss of coherency is then 
achieved betWeen a lattice of the ?rst layer and a lattice of 
the starting substrate. A second layer is groWn to form a 
composite layer that includes the ?rst layer and the second 
layer such that the ?rst layer is betWeen the second layer and 
the substrate. The starting substrate may then be completely 
separated from the composite layer to produce the freestand 
ing crack-free Group III-Nitride layer. 
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Figure: 1 (Prior Art) Figure 2 (Prior Art) 
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Figure 4 (Prior Art) 
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Figure 6 
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Figure 8 
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FREE STANDING SUBSTRATES BY 
LASER-INDUCED DECOHERENCY AND 

REGROWTH 

FIELD OF THE INVENTION 

[0001] The invention relates to a method for the produc 
tion of a high quality free-standing layer of Gallium Nitride 
or similar material by heteroepitaxial deposition and subse 
quent removal from a transparent substrate. 

BACKGROUND 

[0002] Gallium Nitride (GaN) has been recognized as 
having great potential as a technological material. For 
example, GaN is used in the manufacture of blue light 
emitting diodes, semiconductor lasers, and other opto-elec 
tronic devices, as Well as in the fabrication of high-tempera 
ture electronics devices. One of the greatest challenges for 
the large-scale production of GaN-based devices is the lack 
of a suitable native GaN substrate. GaN is not found in 
nature; it cannot be melted and pulled from a boule like 
silicon, gallium arsenide, sapphire, etc., because at reason 
able pressures its theoretical melting temperature exceeds its 
dissociation temperature. HoWever, the fabrication of very 
high crystal quality, thin layers of GaN, and its related 
alloys, for use in electronic devices, requires that they be 
deposited homoepitaxially onto an existing GaN surface. 
Such high quality device layers cannot be directly groWn 
heteroepitaxially, for reasons that are outside the scope of 
this invention. The techniques currently in use for the 
fabrication of high quality GaN and related layers involve 
the heteroepitaxial deposition of a GaN device layer onto a 
suitable but non-ideal substrate. Currently such substrates 
include (but are not limited to) materials such as sapphire, 
silicon, silicon carbide, gallium arsenide, lithium gallate, 
lithium aluminate, and lithium aluminum gallate. All het 
eroepitaxial substrates present challenges to the high-quality 
deposition of GaN, in the form of lattice and thermal 
mismatch. Lattice mismatch is caused by the difference in 
interatomic spacing of atoms in dissimilar crystals. Thermal 
mismatch is caused by differences in the coefficient of 
thermal expansion (CTE) betWeen joined dissimilar mate 
rials, as the temperature is raised or loWered. 

[0003] For the purpose of clarity, heteroepitaxial groWth is 
de?ned herein as a process Whereby the atomic lattices of 
tWo dissimilar materials are intimately joined together by 
atomic bonds across their common interface. When the 
cross-linking bonds are made in a regular and orderly array 
displaying long-range order, the interface is said to be 
coherent. When the cross-linking bonds are broken, bent, 
tWisted, or otherWise distorted such that there is no long 
range order, the interface is said to have lost coherency. 
Coherent interfaces are much stronger than incoherent inter 
faces, due to the greater number of cross-linking bonds 
betWeen the materials. The loss of coherency may be partial; 
if only a percentage of cross-linking bonds are broken or 
distorted in an interface, the interface is partially coherent. 
The percentage (by area) of broken or distorted bonds 
represents the level of incoherency or loss of coherency for 
that interface. 

[0004] The most commonly used heteroepitaxial substrate 
for GaN deposition is sapphire (A1203), Which has both a 
large thermal mismatch and a large lattice mismatch com 
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pared to GaN. In addition, the sapphire substrate is not 
electrically conductive, and has poor thermal conductivity, 
limiting its heat sinking capabilities, further reducing device 
performance and complicating device processing. For rea 
sons unrelated to the scope of this invention, sapphire 
otherWise possesses superior properties as a hetero-sub 
strate. HoWever, the large lattice mismatch results in ?lms 
that have very high defect densities, speci?cally in the form 
of dislocations, Which are especially undesirable from a 
device fabrication point of vieW. (The formation of dislo 
cations at regular intervals along the interface does not affect 
its coherency, as de?ned for the purposes of this application, 
for the dislocations themselves exhibit a type of long-range 
order in their distribution.) As With other epitaxial crystal 
groWth processes, it is necessary to groW a buffer layer of 
GaN on the sapphire surface prior to the formation of 
device-quality layers. The buffer layer Will vary, depending 
on device tolerance to dislocations, Whether or not special 
groWth techniques (such as groWth through a mask pattern, 
use of loW temperature buffer layers, etc.) are employed, as 
Well as other factors. Typically, this GaN buffer thickness is 
less than one micron to tens of microns thick. Defect 
densities, hoWever, predominantly in the form of disloca 
tions, remain high (~101O cm2) resulting in diminished 
device quality. In addition to the conventional buffer layer, 
a loW temperature GaN buffer layer is nearly alWays used. 
This layer is the ?rst layer deposited on the sapphire. The 
buffer layer is initially amorphous and typically is 30-50 nm 
thick; it is recrystalliZed at the groWth temperature. 
[0005] Besides dislocations and lattice mismatch prob 
lems, thermal mismatch is also a consideration. Typically the 
GaN is deposited onto sapphire at a temperature of betWeen 
1000-1100° C.; as the sample cools to room temperature, the 
difference in thermal expansion (contraction) rates gives rise 
to high levels of stress at the interface betWeen the tWo 
materials. Sapphire has a higher coef?cient of thermal 
expansion (CTE) than does GaN. As the sapphire substrate 
and GaN layer cool, the mismatch at the interface puts the 
GaN under compression and the sapphire under tension. Up 
to a point, the amount of stress is directly related to the 
thickness of the deposited GaN, such that the thicker the 
?lm, the greater the stress. Above a ?lm thickness of 
approximately 10 microns, the stress levels exceed the 
fracture limits of the GaN, and cracking and peeling of the 
?lm may result. Cracks in this layer are much less desirable 
than high dislocation densities, and should be avoided 
because of the risk of their catastrophic propagation into the 
device layer during subsequent processing steps. 
[0006] One method to prevent such thermal stress-related 
problems involves separating the sapphire substrate from the 
deposited ?lm. This may be done by physically removing 
the substrate (lapping and polishing), or by focusing a very 
high-intensity light source (such as from a laser) from the 
substrate side of the sample. The light source emits photons 
having an emission energy that is not absorbed by the 
sapphire. This second technique utiliZes the difference in 
absorption betWeen the tWo materials: GaN has a room 
temperature electron bandgap of approximately 3.45 eV, 
Whereas sapphire has a bandgap of 9.9 eV. Photons With an 
energy greater than approximately 3.45 eV and less than 9.9 
eV (corresponding to vacuum Wavelengths less than 359 nm 
but greater than 125 nm) are able to pass through the back 
side of a sapphire Wafer, Where they are absorbed in various 
amounts, depending on energy, by the GaN at the interface. 
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Once absorbed, the photons are converted to heat, Which 
locally disrupts the Ga—N bonds. If the incident radiation is 
intense enough, large-scale local disruption results in a 
complete loss of coherency betWeen the lattice of the 
sapphire substrate and the GaN. At loWer radiation levels, 
the loss of coherency may only be partial and incomplete, 
resulting in a ?lm that is still attached to the sapphire 
substrate, but is no longer completely bonded to it. 

[0007] Both aforementioned techniques have limitations. 
A free-standing ?lm must be suf?ciently thick to have the 
required mechanical strength necessary for subsequent 
device processing. Typically, this requires a minimum thick 
ness on the order of 50-100 microns. Deposition of a 
crack-free ?lm With this thickness onto sapphire is feasible 
if done carefully, hoWever thermal stresses Will cause severe 
boWing in the Wafer as it cools to room temperature. 
Conventional lapping and polishing processes are not effec 
tive at removing a concave substrate; alternatively, use of a 
laser to remove the GaN from the sapphire can create 
unstable localiZed regions of stress in the partially-removed 
?lm, leading to layer fracture during the lift-off process. 

[0008] Referring to the draWings, FIGS. 1(a)-1(b) sche 
matically illustrate the prior art When deposition of a thick 
layer of GaN onto sapphire is desired. In FIG. 1(a), sapphire 
substrate 101 has a thick (greater than 10 microns) ?lm of 
GaN 102 deposited onto it, at the groWth temperature, Which 
may be in the range of 1000-1100° C. The actual method of 
deposition is not relevant to this invention. Because the ?lm 
of GaN nucleates onto the substrate at this temperature, there 
is no thermal stress present. FIG. 1(b) shoWs the effects of 
the large temperature change as the sample cools to room 
temperature. In this ?gure, sapphire substrate 101 is noW 
under compressive stress and is bent concave With respect to 
the deposited ?lm. If the stresses are great enough, cracks 
103 may form in the substrate. The epitaXial GaN 102 is 
under tensile stress, and is cracked, and may also peel aWay 
from or otherWise degrade the interface With substrate 101. 

[0009] FIG. 2 schematically represents a series of steps 
involved in the conventional method for making a thick 
layer on a thermally and/or lattice mismatched substrate. 
Step 201 calls for the provision of a prepared substrate. This 
prepared substrate may be, for eXample, plain sapphire, 
chemically cleaned prior to use. Step 202 is the setting of 
process parameters and groWth conditions for the groWth of 
the thick, ?at, high quality layer. Typically these conditions 
are groWth temperature, groWth rate, How rates for precursor 
compounds, and relative ratios of gas ?oWs in the reactor. 
Step 203 calls for the deposition of the thick layer 102 onto 
the prepared substrate. The thickness of this layer is pref 
erentially in the range of 10-400 microns. In step 204, the 
sample is cooled doWn to room temperature Where it is 
removed, intact, from the reactor. The Wafer is boWed due to 
the residual stress caused by the thermal mismatch betWeen 
the epitaXial layer and the substrate. This stress also leads to 
the formation of many cracks 103 in the thick layer and the 
substrate. 

[0010] FIGS. 3(a)-3(a) schematically illustrate the prior 
art technique of using laser lift-off (LLO) to release a 
deposited GaN ?lm from the sapphire substrate. In FIG. 
3(a), sapphire substrate 301 has had a ?lm of GaN 302 
deposited onto it, at the groWth temperature, and has sub 
sequently been cooled to room temperature. Film 302 is 
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deposited in such a manner that cracks do not form during 
the cooling doWn stage. In FIG. 3(b), laser beam 303 
impinges upon the back side of the sapphire substrate. The 
laser is of an energy such that its photons are strongly 
absorbed by the GaN layer, While passing through the 
sapphire largely unabsorbed. Typically the energy range of 
such photons is above 3.45 eV, corresponding to a Wave 
length (in vacuum) of less than 359 nm but greater than 125 
nm. The source of these photons is typically a pulsed 
ultraviolet laser, such as a tripled YAG or eXcimer laser; 
hoWever the characteristics that are important for this pro 
cess are not laser-speci?c. Any highly intense light source 
that can be focused doWn to a spot Will suf?ce. Because the 
beam impinges from the sapphire side of the Wafer, the GaN 
at the sapphire/GaN interface 304 absorbs the photons very 
strongly, resulting in localiZed heating. This localiZed heat 
ing is suf?cient to disrupt the Ga—N bonds, breaking the 
strained but coherent interface betWeen the lattice of the 
substrate 301 and the ?lm 302. Typically, the laser beam is 
sWept across the backside of the Wafer to gradually release 
the epitaxial ?lm from the substrate. If the beam is suf? 
ciently intense, all bonds Will be broken, isolating the tWo 
lattices. A less intense beam may be used to partially disrupt 
the interface, breaking as feW as 5% of the bonds, if such an 
effect is desired. In FIG. 3(c) the process has continued. If 
the laser beam is too intense or not sWept properly, localiZed 
hot areas can develop Where the pressure from liberated 
nitrogen gas beneath the epitaXial ?lm can build up and 
cause a rupture in the surface of the ?lm, 305. Additionally, 
residual thermal stresses in the as-yet unreleased areas can 
cause cracks 306 to develop in the ?lm, especially as the 
stress pro?le changes during the debonding process. Both of 
these effects are undesirable and must be avoided, typically 
by careful modulation of the impinging laser poWer and scan 
rate, choosing a laser With a short pulse length, and/or using 
a beam homogeniZer to form an illuminated spot With 
uniform intensity, among other techniques. Even With such 
precautions, cracking of the released epitaXial ?lm may still 
occur, preventing the lift-off and removal of a Whole layer to 
be used as a free-standing substrate. 

[0011] FIG. 4 schematically represents a series of steps 
involved in the conventional method for laser lift-off of a 
GaN ?lm from a sapphire substrate. In step 401 a prepared 
substrate is provided. This prepared substrate may be, for 
eXample, plain sapphire, chemically cleaned prior to use. In 
step 402, the substrate has a layer of GaN 302 deposited onto 
it at an elevated groWth temperature. In step 403 the sub 
strate With GaN epitaXy is alloWed to cool to the ambient 
temperature and is unloaded from the groWth apparatus. In 
step 404 the groWn Wafer is placed into the LLO apparatus, 
Which typically consists of a laser, laser poWer regulator, a 
Wafer holder, and a beam steering mechanism to alloW the 
beam 303 to impinge over the entire backside surface of the 
Wafer. The beam then impinges over the backside of the 
Wafer, gradually debonding the epitaXial ?lm from the 
sapphire. In step 405, the debonding is complete, the deb 
onded epitaXial ?lm is removed from the sapphire by heating 
the Wafer above 30° C. (the melting point of gallium metal) 
and the layers are gently pulled apart. Often, the debonded 
layer is cleaned in an acid solution to dissolve any remaining 
gallium from its backside surface. Although free-standing 
epitaXial GaN ?lms may be produced by LLO, the high 
stress betWeen the sapphire substrate and the GaN layer 
often leads to cracking, fractures and other failures in the 
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GaN layer. Thus the yield of usable free-standing epitaxial 
GaN ?lms is often unacceptably loW. 

[0012] Because of the problems encountered With growing 
thick layers of GaN on sapphire, and of the problems 
encountered in attempting to remove GaN from the sapphire 
substrate using a conventional LLO technique, a need exists 
for a method for the laser lift-off and removal of GaN ?lms 
from sapphire substrates for the creation of high quality 
free-standing substrates. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a method for the 
production of crack-free Group III-Nitride layers. The 
method proceeds by groWing a crack-free ?rst layer of 
Group III-Nitride on a starting substrate. A partial to com 
plete loss of coherency is then achieved betWeen a lattice of 
the ?rst layer and a lattice of the starting substrate. Asecond 
layer is groWn to form a composite layer that includes the 
?rst layer and the second layer such that the ?rst layer is 
betWeen the second layer and the substrate. 

[0014] The present invention also provides a method for 
the production of arbitrarily thick, crack-free, freestanding 
layers of GaN or similar material for subsequent use as 
substrates. This method proceeds by groWing a crack-free 
?rst layer of Group III-Nitride on a starting substrate. A 
partial to complete loss of coherency betWeen a lattice of the 
?rst layer and a lattice of the starting substrate is then 
achieved. A second layer is groWn to form a composite layer 
that includes the ?rst layer and the second layer, and Where 
the ?rst layer is betWeen the second layer and the substrate. 
The starting substrate is then completely separated from the 
composite layer to produce the freestanding substrate. In 
both methods, an intense light source may be used to 
partially disrupt the interface betWeen this layer and the 
underlying starting substrate, making said interface partially 
incoherent. 

[0015] In both methods a crack-free second layer may be 
groWn on top of a crack-free ?rst layer that has a partially 
incoherent interface With respect to the underlying starting 
substrate. 

[0016] Furthermore, a crack-free second layer may be 
groWn on top of a crack-free ?rst layer (Which has a partially 
incoherent interface With respect to the underlying starting 
substrate), in-situ, Without necessitating a further cooling 
doWn step. 

[0017] These and other objects, advantages, and features 
of the invention Will be set forth in part in the description 
Which folloWs, and in part Will become apparent to those 
having ordinary skill in the art upon examination of the 
folloWing, or may be realiZed and attained as particularly 
pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1a and 1b are cross sectional schematic 
vieWs shoWing conventional (prior art) heteroepitaxial 
groWth of thick GaN on sapphire. 

[0019] FIG. 2 schematically shoWs the process steps for 
the conventional thick heteroepitaxial groWth of GaN. 

[0020] FIGS. 3a-c are cross-sectional schematic vieWs 
shoWing a conventional (prior art) technique for the laser 
lift-off of a GaN ?lm from a sapphire substrate. 
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[0021] FIG. 4 schematically shoWs the process steps for 
the laser lift-off of a GaN ?lm from a sapphire substrate, 
using the prior art. 

[0022] FIGS. 5a-e are cross-sectional schematic vieWs 
illustrating the process for the production of a freestanding 
GaN substrate according to the ?rst embodiment of the 
invention 

[0023] FIG. 6 schematically shoWs the process steps for 
the fabrication of a freestanding GaN substrate according to 
the ?rst embodiment of the invention 

[0024] FIGS. 7a-e are cross-sectional schematic vieWs 
illustrating the process for the production of a freestanding 
GaN substrate according to the second embodiment of the 
invention 

[0025] FIG. 8 schematically shoWs the process steps for 
the fabrication of freestanding GaN substrate according to 
the second embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] For purposes of illustration, the present invention 
Will be described primarily in relation to the fabrication of 
a thick freestanding layer of GaN groWn on and subse 
quently removed from a sapphire substrate, using a suitable 
groWth technique such as hydride vapor phase epitaxy 
(HVPE). It should be understood, hoWever, that the present 
invention is applicable to the deposition of other materials 
including GaN, AlN, InN and/or their alloys, and/or onto 
substrates other than sapphire, and/or using other deposition 
techniques (such as metal organic chemical vapor deposition 
(MOCVD), molecular beam epitaxy (MBE), sputtering, 
evaporation, etc.). For the purpose of providing an example, 
the folloWing embodiments are described With respect to 
fabrication of GaN substrates. The invention is not limited to 
just GaN substrates, in fact, it is intended to be utiliZed With 
other III-V materials. Those skilled in the art Will recogniZe 
that the process is equally applicable to producing substrates 
of other group III nitrides and other III-V compounds. 

[0027] First Embodiment of the Invention 

[0028] FIGS. 5a-e schematically depict the method for 
fabricating a crack-free freestanding GaN layer according to 
the ?rst embodiment of the invention. In FIG. 5a) a starting 
substrate 501 has a crack-free ?rst layer of GaN 502 
deposited by means of HVPE or other suitable method (such 
as MOCVD, MBE, etc.) The starting substrate 501 may be 
sapphire, but it may also be of any other material that is 
transparent to the region of the ultraviolet spectrum Where 
the energy exceeds the bandgap of the desired III-V free 
standing substrate material. The starting substrate may also 
be specially prepared prior to the deposition of the ?rst layer. 
Such preparation may include special cleaning procedures or 
surface treatments, and/or the application of a loW tempera 
ture buffer layer or layers, and/or the use of a patterned 
groWth mask that alloWs groWth only on selected areas of the 
starting substrate. 

[0029] First layer 502 is deposited in such a Way as to 
avoid crack formation. This may be accomplished by depos 
iting a sufficiently thin layer (preferably betWeen 0.1 and 10 
pm) such that accumulated thermal stresses on cooling doWn 
Will not exceed the physical limits of GaN. Alternatively, a 
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thicker layer (up to 100 pm) may be deposited if the 
resulting ?lm has loWer potential for thermal stress accu 
mulation, due to its higher defect density or increased 
surface roughness. It is primarily important, hoWever, that 
?rst layer 502 cannot crack during deposition or during 
cooling doWn to a subsequent processing temperature. First 
layer 502 may also be composed of a plurality of layers of 
varying thickness and composition, as needed. 

[0030] In FIG. 5b), the starting substrate 501 and ?rst 
layer 502 have been removed from the groWth reactor. First 
layer 502 is under some thermal stress due to the thermal 
mismatch betWeen the materials, but cracks have not formed 
in the ?lm. Alaser beam 503 impinges upon the backside of 
starting substrate 501. Starting substrate 501 does not absorb 
these photons, Whereas the GaN at the interface 504 does. 
Typically the photons are generated by a pulsed ultraviolet 
laser, tWo eXamples of Which are a XeCl eXcimer laser 
(Wavelength 345 nm) or a tripled YAG laser (Wavelength 
355 nm). Both Wavelengths are strongly absorbed by GaN, 
Which has a room temperature absorption edge of 359 nm, 
corresponding to an electron bandgap of 3.45 eV. 

[0031] To avoid thermal mismatch effects, it is sometimes 
helpful to heat the starting substrate 501 and ?rst layer 502 
to an elevated temperature prior to application of the laser 
beard. This elevated temperature may be as high as, or 
higher than, the actual groWth temperature used during the 
deposition process (typically 1000-1100° C.). The heating 
effectively reduces the magnitude of the thermal strain, 
reducing the risk of crack formation caused by non-uniform 
stress ?elds induced during the laser process. In such cases 
of heating the starting substrate 501 and ?rst layer 502 above 
600° C., it may be necessary to supply a non-inert nitrogen 
bearing atmosphere (such as ammonia, NH3) to prevent the 
surface of ?rst layer 502 from suffering the effects of thermal 
decomposition. 
[0032] Photons 503 are strongly absorbed at the interface 
504, Where they disrupt the Ga—N bonds, leading to a loss 
of coherency 505 betWeen the lattice of the starting substrate 
501 and the ?rst layer 502. Depending on factors such as 
laser pulse energy, peak poWer, pulse duration, spot siZe, 
beam scan rate, etc. the desired loss of coherency can be 
adjusted from partial (feWer than 5% of bonds broken) to 
complete (100% of bonds broken.) The loss of coherency 
betWeen the lattice of the starting substrate 501 and the 
lattice of the ?rst layer 502 relieves the stress betWeen the 
starting substrate 501 and the ?rst layer 502. Although the 
coherency may be lost betWeen the tWo lattices, the ?rst 
layer 502 and starting substrate 501 are not yet physically 
separated. 

[0033] In FIG. 5c), the starting substrate 501 With the ?rst 
layer 502 is loaded again into the groWth system for the 
deposition of the second layer 506. The thickness of the 
second layer 506 layer may be set arbitrarily; for use as a 
substrate typically the thickness of layer 506 is betWeen 50 
and 500 pm. The deposition technique and conditions for 
depositing the second layer 506 may be the same as, or 
different from the conditions used for the deposition of layer 
502. Together, layers 502 and 506 merge to form a com 
posite layer 507. 

[0034] In FIG. 5d) the starting substrate 501 and compos 
ite layer 507 is again cooled and unloaded from the groWth 
system. Although the thickness of composite layer 507 is 
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suf?ciently large to induce catastrophic thermal stress 
cracks, the partially disrupted interface 505 effectively limits 
or eliminates the transmission of stress betWeen the dissimi 
lar materials. Thus, cracks do not form. Laser beam 503 is 
again applied to the backside of the starting substrate 501 to 
effect the complete disruption of the Ga—N bonds at the 
interface, alloWing the release of the composite GaN layer 
507 from the starting substrate. Alternatively, as shoWn in 
FIG. 56), if the initial level of Ga—N bond disruption 
caused during the ?rst laser step Was suf?ciently high 
(>99%), the accumulated strain during the cooling process 
Will concentrate the stresses on the remaining bonds, caus 
ing the composite layer 507 to spontaneously shear aWay 
from the starting substrate 501. In such a case, no second 
laser step Will be necessary as the GaN substrate Will spring 
free of the starting substrate of its oWn accord. Also Within 
the scope of this invention are alternative techniques for 
removing the substrate from the composite layer, such as 
lapping and polishing, etc. 

[0035] FIG. 6 schematically shoWs the series of steps 
involved in the method for producing a thick freestanding 
layer from GaN on a sapphire substrate, according to the ?rst 
embodiment of the invention. Step 601 calls for the provi 
sion of a prepared substrate. In (optional) step 602, the 
prepared substrate has a mask pattern applied to its surface. 
The mask is intended to prevent groWth eXcept in the opened 
areas of the mask, in order to improve crystal quality or aid 
in the later separation. The mask may be of any material 
Which inhibits groWth on its surface and is compatible With 
the groWth process; typically such masks are made of silicon 
oxide, silicon nitride, or silicon oXynitride. 

[0036] The starting substrate is loaded into the groWth 
system in step 603. In step 604, an optional loW temperature 
buffer layer is set doWn, prior to step 605, Where the initial 
layer of GaN is deposited onto the sapphire. This layer may 
consist of a single layer deposited at one temperature, or of 
a plurality of layers of different compositions, deposited at 
different temperatures. In step 606, the Wafer, ie the starting 
substrate With the initial GaN layer, is cooled to ambient 
temperature and unloaded. In optional step 607, the Wafer 
may be patterned With a mask, similar to that Which may 
have been applied in optional step 602, or consisting of a 
different type of pattern, if desired. The purpose of the mask 
layer is to improve the crystal quality of material groWn 
through and over it and/or to aid in the later removal of the 
?lm from the substrate. 

[0037] In step 608, the Wafer is affixed to the LLO 
apparatus for the partial to complete disruption of the 
Ga—N bonds linking the starting substrate 501 to the ?rst 
layer 502. Typically, this can be done using different meth 
ods, as described herein. 

[0038] In one alternative step 608-A the laser pulse inten 
sity, pulse Width, and scan rate may be modulated such that 
each spot induces a uniform but incomplete loss of coher 
ency betWeen the lattice of the GaN layer and the lattice of 
the sapphire substrate. The entire Wafer may be uniformly 
illuminated, and experiences a uniform loss of coherency of 
betWeen 5% and greater than 99% betWeen the tWo lattices. 

[0039] Alternatively, in step 608-B, the pulse intensity, 
Width, spot siZe, etc. may be set to cause total disruption of 
the coherency at the interface of the lattice of the GaN and 
the lattice of the sapphire. Each illuminated spot has total 
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loss of coherency associated With it; however the beam is 
swept in such a manner that the entire surface is not 
illuminated uniformly. Some areas of the substrate are not 
exposed, and have total coherency maintained, Whereas 
others are made completely incoherent by exposure. By 
choosing parameters such as spot pitch distance, the ratio of 
area made incoherent to the total area of the Wafer can be 
adjusted from 5% up to greater than 99%. 

[0040] Alternatively, in step 608-C, the laser spot may be 
rastered across the backside of the Wafer in a pattern, such 
as a spiral, square, diagonal, etc. The effect is to disrupt the 
coherency betWeen the lattice of the GaN and the sapphire 
in a systematic fashion, reducing or eliminating the thermal 
stresses in a geometrically controlled Way to avoid cracking. 

[0041] Regardless of Which approach is folloWed for step 
608, the laser that is used is typically a tripled YAG or 
excimer laser, With a spot siZe of 50 pm to 500 pm, a pulse 
Width of 3 to 50 nanoseconds, and a total ?uence of betWeen 
300 m] and 500 m] per pulse. As the ?rst layer is under 
thermal stress, it is often advantageous to use an auxiliary 
heating mechanism such as a hot plate to keep the Wafer at 
an intermediate to high temperature during this process. For 
example, if the layer is groWn at 1000° C., heating the Wafer 
to 500° C. during the laser process reduces the thermal stress 
approximately by half, reducing the ?lm’s tendency to 
crack. 

[0042] The Wafer is loaded into the groWth system in step 
609, and the groWth of the second GaN layer 506 is done in 
step 610. Thickness of this layer is preferably betWeen 50 
and 500 microns, more preferably 300 microns. The groWth 
conditions for this layer may be the same as those used for 
the ?rst layer, or they may differ in terms of groWth rate, gas 
?oWs, partial pressures of precursor gases, composition of 
material deposited, temperature, etc. Layers 502 and 506 
merge to form composite layer 507. In step 611 the Wafer is 
cooled once again and removed from the groWth system. 
Although the total combined thickness of composite layer 
507 on the starting Wafer is considerable, the partially-to 
completely isolated lattices of the starting substrate 501 and 
?rst layer 502 do not transmit stresses effectively, preventing 
crack formation. 

[0043] In step 612 the composite layer 507 is removed 
from the starting substrate 501. There are different methods 
by Which this may be accomplished, as described herein. 

[0044] In a ?rst alternative step 612-A, the Wafer may be 
af?xed again into the LLO apparatus. This time, the laser is 
used to completely disrupt 100% of the bonds at the inter 
face, alloWing for the straightforWard physical removal of 
the composite layer by sliding it off the sapphire Wafer. 

[0045] Alternatively, in step 612-B, the feW remaining 
bonds that Were left from the ?rst laser step 608 may serve 
to concentrate the noW-intensi?ed thermal stress induced by 
the thicker second layer 506. As the Wafer is cooled to the 
ambient temperature, the concentrated stress exceeds the 
physical limits of the GaN at the interface, causing the 
composite layer to spontaneously shear aWay from the 
sapphire substrate. 

[0046] Or, alternatively, in step 612-C, the composite layer 
507 is separated from the sapphire starting substrate 501 by 
methods such as lapping or polishing the backside of the 
sapphire aWay. As the coherency of the interface Was already 
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signi?cantly reduced in the ?rst laser step 608, the Wafer 
does not experience the severe boWing that otherWise Would 
be evident on such a Wafer With a thick layer deposited onto 
it. 

[0047] Regardless of Which alternative method is used in 
step 612, the end result is a freestanding, crack-free GaN 
substrate 508 including the composite layer 507[it is done, 
but renamed 508 to keep With the How of numbered items.] 

[0048] Second Embodiment of the Invention 

[0049] FIGS. 7a-e schematically depict a method for 
fabricating a crack-free freestanding GaN layer according to 
the second embodiment of the invention. In FIG. 7a) a 
starting substrate 701 is loaded into a groWth system 702. 
The groWth system 702 may be, for instance, a HVPE 
system. Substrate 701 is placed onto a susceptor 703, Which 
holds the substrate in position during the groWth process. 
Susceptor 703 may be fashioned With a slit or WindoW 704 
on its underside, Which is designed to alloW for the free 
transmission of a laser beam through the susceptor onto the 
underside of substrate 701. 

[0050] In the groWth system 702, substrate 701 has a 
crack-free ?rst layer of GaN 705 deposited by means of 
HVPE or other suitable method (such as MOCVD, MBE, 
etc.) The starting substrate 701 may be sapphire, but it may 
also be of any other material that is transparent to the region 
of the ultraviolet spectrum Where the energy exceeds the 
bandgap of the desired III-V freestanding substrate material. 
The starting substrate may also be specially prepared prior 
to the deposition of the ?rst layer. Such preparation may 
include special cleaning procedures or surface treatments, 
and/or the application of a loW temperature buffer layer or 
layers, and/or the use of a patterned groWth mask that alloWs 
groWth only on selected areas of the starting substrate. 

[0051] First layer 705 is deposited in such a Way as to 
avoid crack formation. This may be accomplished by depos 
iting a sufficiently thin layer (preferably betWeen 0.1 and 10 
pm) such that accumulated thermal stresses on cooling doWn 
Will not exceed the physical limits of GaN. Alternatively, a 
thicker layer (up to 100 pm) may be deposited if the 
resulting ?lm has loWer potential for thermal stress accu 
mulation, due to its higher defect density or increased 
surface roughness. It is primarily important, hoWever, that 
?rst layer 705 cannot crack during deposition or during 
cooling doWn to a subsequent processing temperature. First 
layer 705 may also be composed of a plurality of layers of 
varying thickness and composition, as needed. 

[0052] In FIG. 7b), a laser beam 706 impinges in-situ 
upon the backside of starting Wafer 701, coming through the 
slit or WindoW 704 in susceptor 703. Starting Wafer 701 does 
not absorb the laser light, Whereas the GaN at the interface 
707 betWeen the starting substrate and the ?rst layer, does. 
Laser light 706 is strongly absorbed at the interface 707, 
Where it disrupts the Ga—N bonds, leading to a loss of 
coherency 708 betWeen the lattice of the starting substrate 
701 and the ?rst layer 705. Depending on factors such as 
laser pulse energy, peak poWer, pulse duration, spot siZe, 
beam scan rate, etc. the desired loss of coherency can be 
adjusted from partial (feWer than 5% of bonds broken) to 
complete (100% of bonds broken.) 

[0053] This laser process is performed in-situ in the 
groWth reactor, the starting substrate 701 is not unloaded 
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during the procedure. The Wafer may be kept at or above the 
growth temperature (typically betWeen 1000-1100° C. for 
GaN, loWer for indium gallium nitride-based alloys) to 
eliminate thermal mismatch effects during the process. 
Alternatively, the Wafer may be cooled to an intermediate 
temperature beloW the groWth temperature for the proce 
dure. In the case that the procedure occurs at a temperature 
above 600° C., it may be necessary to supply a non-inert 
nitrogen bearing atmosphere (such as ammonia NH3) to 
prevent the surface of ?rst layer 705 from thermally-induced 
decomposition. In other cases, hoWever, it may be desirable 
to perform the laser procedure at loWer temperatures. 

[0054] In FIG. 7c), the second layer 709 is groWn on top 
of the ?rst layer 705. The thickness of this layer may be set 
arbitrarily; for use as a substrate, the thickness of layer 709 
is typically betWeen 50 and 500 pm. The deposition condi 
tions for depositing layer 709 may be the same as, or 
different from the conditions used for the deposition of layer 
705. Second layer 709 may also be groWn substantially 
simultaneously With the laser process, Without interruption 
betWeen the steps. Together, layers 705 and 709 merge to 
form a composite layer 710. 

[0055] In FIG. 7d) the starting substrate 701 and compos 
ite layer 710 are subjected to an in-situ laser process. A laser 
beam 706‘ is applied to the backside of the starting substrate 
701 to effect the complete disruption of the Ga—N bonds at 
the interface, alloWing the release of the composite layer 710 
from the starting substrate. [Dave: The laser beam in this 
step may be different from the laser beam in the earlier laser 
step. Therefore, they should have different numbers] If the 
initial level of Ga—(or In—or Al—)N bond disruption 
caused during the ?rst laser step Was suf?ciently high 
(>99%), this step Will be unnecessary, as the accumulated 
strain during the cooling process Will concentrate the 
stresses on the remaining bonds, causing the composite layer 
to spontaneously shear aWay from the starting substrate. 
Alternatively, it is possible to perform the second laser 
process ex-situ, out of the reactor, if it is so desired, or to use 
an alternative method to separate the substrate from the 
composite layer, such as a lapping and polishing technique. 
Regardless of the method, the net result, as shoWn in FIG. 
76) is the complete crack-free separation of the composite 
layer 710 from the starting substrate 701 to form a free 
standing, crack-free GaN substrate 711. 

[0056] FIG. 8 schematically shoWs the series of steps 
involved in the method for producing a thick freestanding 
layer of GaN on a sapphire substrate, according to the 
second embodiment of the invention. Step 801 calls for the 
provision of a prepared substrate. In (optional) step 802, the 
prepared substrate has a mask pattern applied to its surface. 
The mask is intended to prevent groWth except in the opened 
areas of the mask, in order to improve crystal quality or aid 
in the later separation. The mask may be of any material 
Which inhibits groWth on its surface and is compatible With 
the groWth process; typically such masks are made of silicon 
oxide, silicon nitride, or silicon oxynitride. 

[0057] The substrate is loaded into the groWth system in 
step 803. In step 804, an optional loW temperature buffer 
layer is set doWn, prior to step 805, Where the initial layer of 
GaN is deposited onto the sapphire. This layer may consist 
of a single layer deposited at one temperature, or of a 
plurality of layers of different compositions, deposited at 
different temperatures. 
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[0058] In step 806 the backside of the substrate is illumi 
nated With the laser beam 706, in situ, through the slit or 
WindoW 704 in susceptor 703 for the partial to complete 
disruption of the Ga—N bonds linking starting substrate 701 
to the ?rst layer 705. Typically, this can be done using 
different methods, as described herein. 

[0059] In one alternative step 806-A the laser pulse inten 
sity, pulse Width, and/or scan rate are modulated such that 
each spot induces a uniform but incomplete loss of coher 
ency betWeen the lattice of the GaN layer and the lattice of 
the sapphire substrate. The entire Wafer is uniformly illu 
minated, and experiences a uniform loss of coherency of 
betWeen 5% and greater than 99% betWeen the tWo lattices. 

[0060] In method 806-B, the pulse intensity, Width, spot 
siZe, etc. are set to cause total disruption of the coherency at 
the interface of the lattice of the GaN and the lattice of the 
sapphire starting substrate 701. Each illuminated spot has 
total loss of coherency associated With it; hoWever the beam 
is sWept in such a manner that the entire surface is not 
illuminated uniformly. Some areas of the substrate are not 
exposed, and have total coherency maintained, Whereas 
others are made completely incoherent by exposure. By 
choosing parameters such as spot pitch distance, the ratio of 
area made incoherent to the total area of the Wafer can be 
adjusted from 5% up to greater than 99%. 

[0061] Alternatively, in step 806-C, the laser spot may be 
rastered across the backside of the starting substrate in a 
pattern, such as a spiral, square, diagonal, etc. The effect is 
to disrupt the coherency betWeen the lattice of the GaN and 
the sapphire starting substrate in a systematic fashion, reduc 
ing or eliminating the thermal stresses in a geometrically 
controlled Way to avoid cracking. 

[0062] Regardless of Which method is used in step 806, 
laser beam 706 is typically from a tripled YAG or excimer 
laser, With a spot siZe of 50 pm to 500 pm, and a total ?uence 
of betWeen 300 m] and 500 m] per pulse. As this process is 
performed in-situ, it is possible to keep the Wafer at an 
elevated temperature (up to or above the groWth tempera 
ture, typically 1000-1100° C.) to eliminate the effects of 
thermal mismatch. If this is done at a temperature above 
600° C., it Will be necessary to have a non-inert nitrogen 
bearing atmosphere (such as ammonia, NH3) present to 
prevent the surface of the ?rst layer from suffering the 
effects of thermal decomposition. 

[0063] In step 807, the second layer 709 is deposited on 
top of the ?rst layer 705. The thickness of the second layer 
709 is preferably betWeen 50 and 500 microns, more pref 
erably 300 microns. The groWth conditions for this layer 
may be the same as those used for the ?rst layer 705, or they 
may differ in terms of groWth rate, gas ?oWs, partial pres 
sures of precursor gases, temperature, etc. It is also Within 
the scope of this invention to have step 807 occur concur 
rently With step 806, ie the interface disruption may occur 
at the same time as layer 709 is being deposited. Together, 
layers 705 and 709 merge to form a composite layer 710. 

[0064] In (optional) step 808, the laser is again applied, 
in-situ, to the backside of the starting substrate 701. This 
time the laser is used to completely disrupt the bonds, 
alloWing the composite layer to be removed from the 
starting substrate. Under certain circumstances, described 
herein, this step may be omitted in lieu of other steps 810-B, 
810-C, or 810-D, beloW. 
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[0065] In step 809 the Wafer is cooled once again and 
removed from the growth system. Although the total com 
bined thickness of GaN on the starting Wafer is considerable, 
the partially-to-completely isolated lattices of the starting 
substrate 701 and ?rst layer 705 do not transmit stresses 
effectively, preventing crack formation. 

[0066] In step 810 the composite layer 710 is removed 
from the starting substrate 701. There are different methods 
by Which this may be accomplished, as described herein. 

[0067] In method 810-A, Which assumes that optional 
laser step 808 Was done, the composite layer can be physi 
cally lifted or dragged free of the sapphire substrate. 

[0068] In one alternative step 810-B, the cooled Wafer 
may be af?xed into an ex-situ LLO apparatus. This time, the 
laser is used to completely disrupt 100% of the bonds at the 
interface, alloWing for the straightforWard physical removal 
of the composite layer by sliding it off the sapphire Wafer. 

[0069] Alternatively, in step 810-C, the feW remaining 
bonds that Were left from the ?rst laser step 806 may serve 
to concentrate the noW-intensi?ed thermal stress induced by 
the thicker composite layer 710. As the starting substrate 701 
and composite layer 710 cool to ambient temperature, the 
concentrated stress exceeds the physical limits of the GaN at 
the interface, causing the composite layer to spontaneously 
shear aWay from the sapphire substrate. 

[0070] In method 810-D, the composite layer 710 is sepa 
rated from the sapphire by methods such as lapping or 
polishing the backside of the sapphire aWay. As the coher 
ency of the interface 707 Was already signi?cantly reduced 
in the ?rst laser step 806, the Wafer does not experience the 
severe boWing that otherWise Would be evident on such a 
Wafer With El thick layer deposited onto it. 

[0071] Regardless of Which method is used in step 810, the 
end result is a freestanding, crack-free GaN substrate 711[it 
is labeled, but I changed the # to 711, to go With the How of 
number labels] 

[0072] The foregoing embodiments are set forth for the 
purpose of example, and should not be construed as limiting 
the present invention. The present teaching may be applied 
to other types of apparatuses and methods. The description 
of the present invention is intended to be illustrative and not 
limiting the scope of the appended claims. Alternatives, 
modi?cations, and variations on this method Will be appar 
ent to those skilled in the art. 

What is claimed is: 
1) A method for the production of a crack-free Group 

III-Nitride layer comprising the folloWing steps: 

a) groWing a crack-free ?rst layer of Group 111-Nitride on 
a starting substrate; 

b) achieving a partial to complete loss of coherency 
betWeen a lattice of the ?rst layer and a lattice of the 
starting substrate; 

c) groWing a second layer to form a composite layer 
Without separating the ?rst layer from the starting 
substrate, Wherein the composite layer includes the ?rst 
layer and the second layer, and Wherein the ?rst layer 
is betWeen the second layer and the starting substrate. 
Amethod according to claim 1, Wherein one or more of 
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the ?rst and second layers includes GaN, AlN, InN or 
any alloy combination of these materials. 

2) A method according to claim 1, Wherein the starting 
substrate includes a material selected from the group con 
sisting of one or more of the folloWing: sapphire, a trans 
parent III-V substrate, silicon carbide, Zinc oxide, magne 
sium oxide, a silicon oxide, lithium aluminate, lithium 
gallate, and/or lithium aluminum gallate. 

3) A method according to claim 1, Wherein the ?rst layer 
is groWn using vapor phase epitaxy (VPE), or chemical 
vapor deposition (CVD), or metal-organic chemical vapor 
deposition (MOCVD), or hydride vapor phase epitaxy 
(HVPE), or molecular beam epitaxy (MBE), or sputtering, 
or pulsed laser deposition. 

4) A method according to claim 1, Wherein the second 
layer is groWn using vapor phase epitaxy (VPE), or chemical 
vapor deposition (CVD), or metal-organic chemical vapor 
deposition (MOCVD), or hydride vapor phase epitaxy 
(HVPE), or molecular beam epitaxy (MBE), or sputtering, 
or pulsed laser deposition. 

5) A method according to claim 1, Wherein the ?rst layer 
may be a plurality of layers. 

6) A method according to claim 1, Wherein the second 
layer may be a plurality of layers. 

7) A method according to claim 1, Wherein the partial to 
complete loss of coherency in step b) is achieved by absorp 
tion of photons at the ?rst layer. 

8) A method according to claim 7 Wherein the photons 
impinge upon the back side of the starting substrate, and 
Whereby the photons are largely able to pass unabsorbed 
through the starting substrate. 

9) A method according to claim 7 Wherein the photons are 
generated by a laser. 

10) Amethod according to claim 9 Wherein the laser emits 
photons that are largely unabsorbed by the starting substrate 
but are strongly absorbed by the ?rst layer. 

11) A method according to claim 10 Wherein the partial to 
complete loss of coherency is modulated by varying a 
pro?le, siZe, shape, energy ?uence, intensity, pulse duration, 
pulse frequency, and/or step pitch of a beam from the laser. 

12) A method according to claim 10, Wherein the laser is 
scanned in a pattern across the starting substrate to minimiZe 
the effects of non-uniform stress induced by the partial to 
complete loss of coherency betWeen the ?rst layer and the 
starting substrate. 

13) A method according to claim 12 Wherein the pattern 
is a spiral starting from the outside edge of the starting 
substrate, Working inWard. 

14) A method according to claim 13 Wherein the laser 
emits light With an energy of betWeen about 3.45 electron 
volts (eV) and 9.9 eV. 

15) Amethod according to claim 1, further comprising the 
step of depositing a third layer betWeen the starting substrate 
and the ?rst layer. 

16) A method according to claim 15, Wherein the third 
layer includes silicon, silicon oxide, silicon nitride, or sili 
con oxynitride. 

17) A method according to claim 15, Wherein the third 
layer is patterned. 

18) Amethod according to claim 1, further comprising the 
step of depositing a fourth layer betWeen the ?rst layer and 
the second layer. 
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19) A method according to claim 18, wherein the fourth 
layer includes silicon, silicon oxide, silicon nitride, or sili 
con oxynitride. 

20) A method according to claim 18, Wherein the fourth 
layer is patterned. 

21) A method according to claim 1, Whereby the partial to 
complete loss of coherency is achieved at an elevated 
temperature (betWeen 30° C. and 1200° C.) to minimize 
damage due to thermal mismatch stresses. 

22) A method according to claim 1, further comprising: 
during step b) exposing the ?rst layer and/or starting sub 
strate to a non-inert nitrogen-bearing gas to prevent the loss 
of nitrogen from the ?rst layer. 

23) A method according to claim 22, Wherein the non 
inert nitrogen-bearing gas is ammonia. 

24) A method according to claim 1, Whereby the partial to 
complete loss of coherency is achieved in-situ, in a groWth 
system. 

25) A method, according to claim 24, Whereby the partial 
to complete loss of coherency is achieved at an elevated 
temperature (betWeen 30° C. and 1200° C.) to minimiZe 
damage due to thermal mismatch stresses. 

26) A method according to claim 24 further comprising: 
exposing the ?rst layer and/or starting substrate to a non 
inert nitrogen-bearing gas to prevent the loss of nitrogen 
from the ?rst layer. 

27) A method according to claim 26, Wherein the non 
inert nitrogen-bearing gas is ammonia. 

28) A method according to claim 1 Wherein steps b) and 
c) are performed substantially simultaneously. 

29) A method for the production of a freestanding crack 
free Group III-Nitride layer comprising the folloWing steps: 

a) groWing a crack-free ?rst layer of Group III-Nitride on 
a starting substrate; 

b) achieving a partial to complete loss of coherency 
betWeen a lattice of the ?rst layer and a lattice of the 
starting substrate; 

c) groWing a second layer to form a composite layer 
Without separating the ?rst layer from the starting 
substrate, Wherein the composite layer includes the ?rst 
layer and the second layer, and Wherein the ?rst layer 
is betWeen the second layer and the starting substrate; 

d) separating the starting substrate from the composite 
layer. 

30) A method according to claim 29, Wherein one or more 
of the ?rst and second layers includes GaN, AlN, InN or any 
alloy combination of these materials. 

31) A method according to claim 29, Wherein the starting 
substrate includes a material selected from the group con 
sisting of one or more of the folloWing: sapphire, a trans 
parent III-V substrate, silicon carbide, Zinc oxide, magne 
sium oxide, a silicon oxide, lithium aluminate, lithium 
gallate, and/or lithium aluminum gallate. 

32) A method according to claim 29, Wherein the ?rst 
layer is groWn using vapor phase epitaxy (VPE), or chemical 
vapor deposition (CVD), or metal-organic chemical vapor 
deposition (MOCVD), or hydride vapor phase epitaxy 
(HVPE), or molecular beam epitaxy (MBE), or sputtering, 
or pulsed laser deposition. 

33) A method according to claim 29, Wherein the second 
layer is groWn using vapor phase epitaxy (VPE), or chemical 
vapor deposition (CVD), or metal-organic chemical vapor 
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deposition (MOCVD), or hydride vapor phase epitaxy 
(HVPE), or molecular beam epitaxy (MBE), or sputtering, 
or pulsed laser deposition. 

34) A method according to claim 29, Wherein the ?rst 
layer may be a plurality of layers. 

35) A method according to claim 29, Wherein the second 
layer may be a plurality of layers. 

36) A method according to claim 29, Wherein the partial 
to complete loss of coherency in step b) is achieved by 
absorption of photons at the ?rst layer. 

37) A method according to claim 36 Wherein the photons 
impinge upon the back side of the starting substrate, and 
Whereby the photons are largely able to pass unabsorbed 
through the starting substrate. 

38) A method according to claim 36 Wherein the photons 
are generated by a laser. 

39) A method according to claim 38 Wherein the laser 
emits photons that are largely unabsorbed by the starting 
substrate but are strongly absorbed by the ?rst layer. 

40) A method according to claim 39 Wherein the partial to 
complete loss of coherency is modulated by varying a 
pro?le, siZe, shape, energy ?uence, intensity, pulse duration, 
pulse frequency, and/or step pitch of a beam from the laser. 

41) A method according to claim 39, Wherein the laser is 
scanned in a pattern across the starting substrate to minimiZe 
the effects of non-uniform stress induced by the partial to 
complete loss of coherency betWeen the ?rst layer and the 
starting substrate. 

42) A method according to claim 41 Wherein the pattern 
is a spiral starting from the outside edge of the starting 
substrate, Working inWard. 

43) A method according to claim 39 Wherein the laser 
emits light With an energy of betWeen about 3.45 electron 
volts (eV) and 9.9 eV. 

44) A method according to claim 29, further comprising 
the step of depositing a third layer betWeen the starting 
substrate and the ?rst layer. 

45) A method according to claim 44, Wherein the third 
layer includes silicon, silicon oxide, silicon nitride, or sili 
con oxynitride. 

46) A method according to claim 44, Wherein the third 
layer is patterned. 

47) A method according to claim 29, further comprising 
the step of depositing a fourth layer betWeen the ?rst layer 
and the second layer. 

48) A method according to claim 47, Wherein the fourth 
layer includes silicon, silicon oxide, silicon nitride, or sili 
con oxynitride. 

49) A method according to claim 47, Wherein the fourth 
layer is patterned. 

50) A method according to claim 29, Whereby the partial 
to complete loss of coherency is achieved at an elevated 
temperature (betWeen 30° C. and 1200° C.) to minimiZe 
damage due to thermal mismatch stresses. 

51) A method according to claim 29, further comprising: 
during step b) exposing the ?rst layer and/or starting sub 
strate to a non-inert nitrogen-bearing gas to prevent the loss 
of nitrogen from the ?rst layer. 

52) A method according to claim 51, Wherein the non 
inert nitrogen-bearing gas is ammonia. 

53) A method according to claim 29, Whereby the partial 
to complete loss of coherency is achieved in-situ, in a 
groWth system. 
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54) A method, according to claim 53, whereby the partial 
to complete loss of coherency is achieved at an elevated 
temperature (between 30° C. and 1200° C.) to minimiZe 
damage due to thermal mismatch stresses. 

55) A method according to claim 53 further comprising: 
exposing the ?rst layer and/or starting substrate to a non 
inert nitrogen-bearing gas to prevent the loss of nitrogen 
from the ?rst layer. 

56) A method according to claim 55, Wherein the non 
inert nitrogen-bearing gas is ammonia. 

57) A method according to claim 29 Wherein steps b) and 
c) are performed substantially simultaneously. 

58) A method, according to claim 29, Wherein step d) 
includes cooling the Wafer such that thermal mismatch 
stresses develop suf?ciently to separate or disconnect the 
composite layer from the starting substrate. 

59) A method, according to claim 29, Wherein the com 
plete separation in step d) is accomplished by the absorption 
of photons at the ?rst layer. 

60) Amethod, according to claim 59, Wherein the photons 
are generated by a laser. 

61) A method, according to claim 29, Wherein the sepa 
ration step d) may accomplished at an elevated temperature 
(betWeen 30° C. and 1200° C.) to minimiZe damage due to 
thermal mismatch stresses. 

62) A method, according to claim 29, Wherein the sepa 
ration step d) may be accomplished in-situ, Without neces 
sitating the removal of the starting substrate and composite 
layer from the groWth system. 

63) A freestanding crack-free Group III-Nitride layer 
produced according to the method of claim 30. 

64) The freestanding crack-free Group III-Nitride layer of 
claim 63, Wherein the Group III-Nitride includes a material 
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chosen from the group consisting of Gallium Nitride, Alu 
minum Nitride, Indium Nitride or any alloy combination of 
these materials. 

65) The freestanding crack-free Group III-Nitride layer of 
claim 63, Wherein the ?rst layer includes a plurality of 
layers. 

66) The freestanding crack-free Group III-Nitride layer of 
claim 63, Wherein the second layer includes a plurality of 
layers. 

67) The freestanding crack-free Group III-Nitride layer of 
claim 63, Wherein the ?rst layer absorbs photons With an 
energy of betWeen about 3.45 electron volts (eV) and 9.9 eV. 

68) The freestanding, crack-free Group III-Nitride layer 
of claim 63, further comprising a third layer disposed such 
that the ?rst layer is betWeen the third layer and the second 
layer. 

69) The freestanding, crack-free Group III-Nitride layer 
of claim 63, further comprising a fourth layer disposed 
betWeen the ?rst layer and the second layer. 

70) The freestanding, crack-free Group III-Nitride layer 
of claim 63 Wherein the ?rst layer has a thickness of betWeen 
about 0.1 pm and 100 pm. 

71) The freestanding, crack-free Group III-Nitride layer 
of claim 63 Wherein the ?rst layer has a thickness of betWeen 
about 0.1 pm and 10 pm. 

72) The freestanding, crack-free Group III-Nitride layer 
of claim 63 Wherein the second layer has a thickness of 
betWeen about 50 um and 500 m. 


