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(57) ABSTRACT 

Semiconductor Structure and method of fabricating a Semi 
conductor Structure are provided that include a Substrate 
having a first in-plane unstrained lattice constant, a first layer 
comprising a first Semiconductor material on the Substrate 
and having a Second in-plane unstrained lattice constant that 
is different from the first in-plane unstrained lattice constant 
and a variable mismatch layer comprising a Second Semi 
conductor material disposed between the Substrate and the 
first layer. The variable mismatch layer is configured to 
reduce stress in the first layer to below a level of stress 
resulting from growth of the first layer directly on the 
Substrate. The variable mismatch layer may be a layer 
having a Strained in-plane lattice constant that Substantially 
matches the unstrained lattice constant of the first layer. 
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STRAN COMPENSATED SEMCONDUCTOR 
STRUCTURES AND METHODS OF EABRICATING 
STRAN COMPENSATED SEMCONDUCTOR 

STRUCTURES 

FIELD OF THE INVENTION 

0001. The present invention relates to semiconductor 
Structures and in particular relates to Structures having 
different unstrained lattice constants for layers of the Struc 
tureS. 

BACKGROUND 

0002. In the fabrication of semiconductor devices, it is 
Sometimes the case that the devices are fabricated of Semi 
conductor materials that are lattice mismatched with a 
Substrate or underlying layer. For example, GaN is conven 
tionally fabricated on a Sapphire Substrate or a Silicon 
carbide Substrate. The unstrained lattice constant of GaN is 
3.19 whereas the unstrained lattice constant of Sapphire is 
4.76 and silicon carbide is 3.07. As a result, the GaN grown 
on the Substrate may be Strained. If Such is the case and if 
the level of strain exceeds a threshold at which GaN cracks, 
the GaN will crack which may render the GaN unacceptable 
for use in a Semiconductor device. 

SUMMARY OF THE INVENTION 

0.003 Embodiments of the present invention provide 
Semiconductor Structures and methods of fabricating Semi 
conductor Structures that include a Substrate having a first 
in-plane unstrained lattice constant, a first layer comprising 
a first Semiconductor material on the Substrate and having a 
Second in-plane unstrained lattice constant that is different 
from the first in-plane unstrained lattice constant and a 
variable mismatch layer comprising a Second Semiconductor 
material disposed between the Substrate and the first layer. 
The variable mismatch layer is configured to reduce StreSS in 
the first layer to below a level of stress resulting from growth 
of the first layer directly on the Substrate. 
0004. In particular embodiments of the present invention, 
the variable mismatch layer is a Second layer disposed 
adjacent the Substrate. In Such embodiments, the Second 
Semiconductor material has a third in-plane unstrained lat 
tice constant that is mismatched with the first in-plane 
unstrained lattice constant. The Second layer has an in-plane 
Strained lattice constant that is Substantially matched to the 
Second in-plane unstrained lattice constant of the first layer. 
0005. In further embodiments of the present invention, 
the variable mismatch layer includes a third layer compris 
ing a third Semiconductor material disposed between the 
Second layer and the first layer that transitions from the 
Strained in-plane lattice constant of the Second layer to the 
Second in-plane unstrained lattice constant of the first layer. 
The third Semiconductor material may be a graded Semi 
conductor material that transitions from the Second Semi 
conductor material to the first Semiconductor material. For 
example, the third layer may have a first Surface adjacent the 
Second layer that has a composition that is Substantially the 
Same as the Second Semiconductor material and a Second 
Surface adjacent the first layer that has a composition that is 
Substantially the same as the first Semiconductor material. 
0006. In particular embodiments of the present invention, 
the in-plane Strained lattice constant and the Second in-plane 
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unstrained lattice constant differ by less than about 1%. In 
other embodiments, the in-plane Strained lattice constant and 
the Second in-plane unstrained lattice constant may also 
differ by less than about 0.5%. In still other embodiments, 
the in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant may further differ by less than 
about 0.1%. 

0007. In still other embodiments of the present invention, 
the Second layer has a thickness that is less than a thickness 
at which cracking occurs. 
0008. In additional embodiments of the present inven 
tion, the first Semiconductor material and the Second Semi 
conductor material are nitride based Semiconductor materi 
als. A buffer layer may also be provided between the 
Substrate and the variable mismatch layer. 
0009. In further embodiments of the present invention, a 
nitride based Semiconductor Structure for a Semiconductor 
device is provided that includes a Substrate having a first 
unstrained lattice constant and a first layer comprising a first 
nitride based Semiconductor material on the Substrate. The 
first nitride based Semiconductor material has a Second 
unstrained lattice constant different from the first unstrained 
lattice constant. The first layer has a first in-plane Strained 
lattice constant. A Second layer comprising a Second nitride 
based Semiconductor material is also provided on the first 
layer. The Second nitride based Semiconductor material has 
a third unstrained lattice constant that is Substantially the 
Same as the first in-plane Strained lattice constant. 
0010. In still further embodiments of the present inven 
tion, a graded Semiconductor layer is disposed between the 
first layer and the second layer that transitions from the first 
nitride based Semiconductor material to the Second nitride 
based Semiconductor material. A buffer layer may also be 
provided between the substrate and the first layer. 

0011. In certain embodiments of the present invention, 
the first in-plane Strained lattice constant and the third 
unstrained lattice constant differ by less than about 1%. In 
other embodiments, the first in-plane Strained lattice con 
stant and the third unstrained lattice constant differ by less 
than about 0.5%. In still further embodiments, the first 
in-plane Strained lattice constant and the third unstrained 
lattice constant differ by less than about 0.1%. The first layer 
may also have a thickness that is less than a thickness at 
which cracking occurs. 
0012. In particular embodiments of the present invention, 
the first layer and the Second layer comprise Group III 
nitride Semiconductor materials. The Substrate may also be 
a Silicon carbide Substrate or a Sapphire Substrate. Further 
more, the first layer and the second layer may be GaN based 
Semiconductor materials. 

0013 In certain embodiments of the present invention, 
the first layer is AlGaN, wherein OsXs 1. Furthermore, 
the second layer may be AlGai-N, wherein 0sys 1. In 
other embodiments of the present invention, the first layer is 
AlGaN, where 0<xs 1, the second layer is AlGaN, 
where 0sy<1 and the graded Semiconductor layer is 
AlGaN, where Z transitions from X to y. 
0014. In additional embodiments of the present inven 
tion, a Semiconductor Structure is fabricated by forming a 
variable mismatch layer comprising a Second Semiconductor 
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material is formed on the Substrate. A first layer comprising 
a first Semiconductor material is formed on the variable 
mismatch layer. The Substrate has a first in-plane unstrained 
lattice constant and the first layer has a Second in-plane 
unstrained lattice constant that is different from the first 
in-plane unstrained lattice constant. The variable mismatch 
layer is configured to reduce StreSS in the first layer to below 
a level of StreSS resulting from growth of the first layer 
directly on the Substrate. 

0.015. In some embodiments of the present invention, the 
variable mismatch layer is formed by forming a Second layer 
disposed adjacent the Substrate. The Second Semiconductor 
material has a third in-plane unstrained lattice constant that 
is mismatched with the first in-plane unstrained lattice 
constant and the Second layer is formed to have an in-plane 
Strained lattice constant that is Substantially matched to the 
Second in-plane unstrained lattice constant of the first layer. 
The second layer may be formed by forming 3D islands of 
the Second Semiconductor material on the Substrate and 
growing the Second Semiconductor material Such that the 
Second Semiconductor material coalesces in regions between 
the 3D islands. In further embodiments, a buffer layer is 
formed on the substrate between the second layer and the 
substrate. In such embodiments, the 3D islands may be 
formed on the buffer layer. 

0016. In still further embodiments of the present inven 
tion, forming the variable mismatch layer further includes 
forming a third layer comprising a third Semiconductor 
material disposed between the Second layer and the first 
layer that transitions from the Strained in-plane lattice con 
Stant of the Second layer to the Second in-plane unstrained 
lattice constant of the first layer. For example, the third layer 
may be formed by forming a graded layer of the third 
Semiconductor material that transitions from the Second 
Semiconductor material to the first Semiconductor material. 
The graded layer may be formed by forming the third layer 
Such that the third layer has a first Surface adjacent the 
Second layer that has a composition that is Substantially the 
Same as the Second Semiconductor material and a Second 
Surface adjacent the first layer that has a composition that is 
Substantially the same as the first Semiconductor material. 

0.017. In still further embodiments of the present inven 
tion, the variable mismatch layer is configured to provide a 
first layer that is Strained at a growth temperature and 
Substantially unstrained at a Second temperature, different 
from the growth temperature. The Second temperature may 
be room temperature. The Second temperature could also be 
Selected from the group consisting of a device operation 
temperature, a Substrate removal temperature, and a bulk 
regrowth temperature. Furthermore, the Second temperature 
may be an intermediate temperature between a highest and 
a lowest processing, Storage and/or operating temperature. 

0.018. In additional embodiments of the present inven 
tion, a nitride based Semiconductor Structure for a Semicon 
ductor device is fabricated by forming a first layer compris 
ing a first nitride based Semiconductor material on a 
Substrate. The Substrate has a first unstrained lattice constant 
and the first nitride based Semiconductor material has a 
Second unstrained lattice constant different from the first 
unstrained lattice constant. The first layer also has a first 
in-plane Strained lattice constant. A Second layer comprising 
a Second nitride based Semiconductor material is formed on 
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the first layer. The second nitride based semiconductor 
material has a third unstrained lattice constant that is Sub 
Stantially the same as the first in-plane Strained lattice 
COnStant. 

0019. In further embodiments of the present invention, 
the fabrication of the Semiconductor Structure includes form 
ing a graded Semiconductor layer disposed between the first 
layer and the Second layer that transitions from the first 
nitride based Semiconductor material to the Second nitride 
based Semiconductor material. The fabrication may also 
include forming a buffer layer between the substrate and the 
first layer. 
0020. In particular embodiments of the present invention, 
the first layer and the Second layer comprise Group III 
nitride Semiconductor materials. Also, the Substrate may be 
a Silicon carbide Substrate or a Sapphire Substrate. Further 
more, the first layer and the second layer may be GaN based 
Semiconductor materials. For example, in certain embodi 
ments of the present invention, the first layer may be 
AlGaN, wherein OSXS1, and the Second layer may be 
AlGaN, wherein 0sys 1. In still further embodiments 
of the present invention, the first layer is AlGaN, where 
0sxs 1, the second layer is AlGaN, where 0sys1 and 
the graded Semiconductor layer is AlGaN, where z 
transitions from X to y. 
0021. In other embodiments of the present invention, 
forming a first layer includes forming 3D islands of the first 
nitride based Semiconductor material on the Substrate and 
growing the first nitride based semiconductor material Such 
that the Second Semiconductor material coalesces in regions 
between the 3D islands. In embodiments where the fabri 
cation also includes forming a buffer layer on the Substrate 
between the first layer and the substrate, the 3D islands may 
be formed on the buffer layer. 
0022. In still further embodiments of the present inven 
tion, forming a first layer includes forming a first layer of the 
first nitride based Semiconductor material So as to be 
unstrained at a growth temperature and Strained when cooled 
from growth temperature. In other embodiments, forming a 
first layer includes forming a first layer of the first nitride 
based Semiconductor material So as to be Strained at a 
growth temperature and Strained when cooled from growth 
temperature. Additionally, the Strain at growth temperature 
may compensate for Strain induced in the first layer when 
cooled from growth temperature, for example, So that the 
first layer is unstrained when cooled from growth tempera 
ture. 

DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a side cross-sectional view of a semi 
conductor Structure according to embodiments of the present 
invention. 

0024 FIG. 2 is a side cross-sectional view of a semi 
conductor Structure according to further embodiments of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0025 The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
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shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments Set forth herein; rather, these embodiments are 
provided So that this disclosure will be thorough and com 
plete, and will fully convey the Scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. Furthermore, the various layers and regions 
illustrated in the figures are illustrated Schematically. 
Accordingly, the present invention is not limited to the 
relative size and spacing illustrated in the accompanying 
figures. AS will also be appreciated by those of skill in the 
art, references herein to a layer formed “on” a Substrate or 
other layer may refer to the layer formed directly on the 
Substrate or other layer or on an intervening layer or layers 
formed on the Substrate or other layer. 
0.026 Embodiments of the present invention can provide 
a Strain compensated Semiconductor Structure on which 
Semiconductor devices may be fabricated. Additionally, 
embodiments of the present invention may provide a Strain 
compensated Semiconductor Structure that may be utilized in 
providing Substrates and/or Seed crystals for producing 
Semiconductor Substrates. The Strain compensated Semicon 
ductor Structure includes a Semiconductor layer or layers 
that act as a transition from an underlying layer to a layer on 
which semiconductor devices may be fabricated. The tran 
sition between the two layers (which may include a sub 
Strate) is provided by controlling the Strain in the layer or 
layers between the underlying layer and the layer on which 
the semiconductor devices are fabricated Such that the layer 
on which the Semiconductor devices are fabricated has an 
unstrained lattice constant that Substantially matches the 
Strained in-plane lattice constant on which it is fabricated. 
Thus, embodiments of the present invention may provide 
means for reducing StreSS in the first layer to below a level 
of StreSS resulting from growth of the first layer directly on 
the Substrate. 

0027. In some embodiments of the present invention, a 
Substantial match of lattice constants is provided by lattice 
constants that are within 1% of each other while a Substantial 
mismatch of lattice constants is provided by lattice constants 
that are not within 1% of each other. In other embodiments 
of the present invention, a Substantial match of lattice 
constants is provided by lattice constants that are within 
0.5% of each other while a Substantial mismatch of lattice 
constants is provided by lattice constants that are not within 
0.5% of each other. In still further embodiments of the 
present invention, a Substantial match of lattice constants is 
provided by lattice constants that are within 0.1% of each 
other while a Substantial mismatch of lattice constants is 
provided by lattice constants that are not within 0.1% of 
each other. 

0028 Embodiments of the present invention are 
described below with reference to a Group III nitride based 
Semiconductor Structure. However, as will be appreciated by 
those of skill in the art in light of the present disclosure, 
embodiments of the present invention may be advanta 
geously utilized with other Semiconductor materials. AS 
used herein, the term “Group III nitride” refers to those 
Semiconducting compounds formed between nitrogen and 
the elements in Group III of the periodic table, usually 
aluminum (Al), gallium (Ga), and/or indium (In). The term 
also refers to ternary and quaternary compounds Such as 
AlGaN and AlInGaN. As is well understood by those in this 
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art, the Group III elements can combine with nitrogen to 
form binary (e.g., GaN), ternary (e.g., AlGaN, AlInN), and 
quaternary (e.g., AlInGaN) compounds. These compounds 
all have empirical formulas in which one mole of nitrogen 
is combined with a total of one mole of the Group III 
elements. Accordingly, formulas Such as AlGaN where 
OsXs 1 are often used to describe them. 

0029. Some embodiments of the present invention are 
schematically illustrated in the cross-sectional view of FIG. 
1. The semiconductor structure 10 in certain embodiments of 
the present invention includes a silicon carbide (SiC) sub 
Strate 12 that may be, for example, 4-H polytype of Silicon 
carbide. Other Silicon carbide candidate polytypes include 
the 3C, 6H, and 15R polytypes. In some embodiments the 
Substrate 12 is Semi-insulating. The term "semi-insulating 
is used descriptively rather than in an absolute Sense. In 
particular embodiments of the present invention, the Silicon 
carbide bulk crystal has a resistivity equal to or higher than 
about 1x10 S2-cm at room temperature. 
0030. An optional buffer layer 14, such as an aluminum 
nitride buffer layer, is on the substrate 12 and provides a 
transition of crystal Structure between the Silicon carbide 
Substrate and the remainder of the device. Silicon carbide 
has a much closer crystal lattice match to Group III nitrides 
than does Sapphire (Al2O), which is a very common Sub 
strate material for Group III nitride devices. The closer 
lattice match may result in Group III nitride films of higher 
quality than those generally available on Sapphire. Silicon 
carbide also has a very high thermal conductivity So that the 
total output power of Group III nitride devices on silicon 
carbide is, typically, not as limited by thermal dissipation of 
the Substrate as in the case of the same devices formed on 
Sapphire. Also, the availability of Semi-insulating Silicon 
carbide Substrates may provide for device isolation and 
reduced parasitic capacitance. 
0031. Although embodiments of the present invention are 
described herein with reference to a silicon carbide Sub 
Strate, embodiments of the present invention may utilize any 
Suitable Substrate, Such as Sapphire, aluminum nitride, alu 
minum gallium nitride, gallium nitride, Silicon, GaAS, LGO, 
ZnO, LAO, InP and the like. In Some embodiments, an 
appropriate buffer layer also may be formed. In Some 
embodiments, the buffer layer 14 may comprise a plurality 
of Sublayers. 

0032 SiC substrates suitable for use in embodiments of 
the present invention are manufactured by, for example, 
Cree, Inc., of Durham, N.C., the assignee of the present 
invention, and methods for producing SiC Substrates are 
described, for example, in U.S. Pat. Nos. Re. 34,861; 
4,946,547; 5,200,022; and 6,218,680, the contents of which 
are incorporated herein by reference in their entirety. Simi 
larly, techniques for epitaxial growth of Group III nitrides 
have been described in, for example, U.S. Pat. Nos. 5,210, 
051; 5,393,993; 5,523,589; and 5,292,501, the contents of 
which are also incorporated herein by reference in their 
entirety. 

0033. In additional embodiments of the present inven 
tion, the substrate may be a GaN based substrate, for 
example, produced utilizing a epitaxial lateral overgrowth 
(ELOG) or a pendeo-epitaxial growth technique. Examples 
of such techniques are described in U.S. Pat. No. 6,051,849 
entitled “GALLIUM NITRIDE SEMICONDUCTOR 
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STRUCTURES INCLUDING A LATERAL GALLIUM 
NITRIDE LAYER THAT EXTENDS FROMAN UNDER 
LYING GALLIUM NITRIDE LAYER,” U.S. patent appli 
cation Ser. No. 09/525,721, entitled “GALLIUM NITRIDE 
SEMICONDUCTOR STRUCTURES INCLUDING LAT 
ERALLY OFFSET PATTERNED LAYERS' filed Feb. 27, 
1988, U.S. Pat. No. 6,265,289 entitled “METHODS OF 
FABRICATING GALLIUM NITRIDE SEMICONDUC 
TOR LAYERS BY LATERAL GROWTH FROM SIDE 
WALLS INTO TRENCHES, AND GALLIUM NITRIDE 
SEMICONDUCTOR STRUCTURES FABRICATED 
THEREBY” and U.S. Pat. No. 6,177,688 entitled 
“PENDEOEPITAXIAL GALLIUM NITRIDE SEMICON 
DUCTOR LAYERS ON SILICON CARBIDE SUB 
STRATES', the disclosures of which are incorporated 
herein as if set forth in their entirety. Additionally, embodi 
ments of the present invention may be utilized prior to Such 
growth techniques So as to provide a gallium nitride based 
layer on which Subsequent gallium nitride based layers are 
provided. 

0034 Returning to FIG. 1, the semiconductor structure 
10 includes a mismatch layer 20 on the Substrate 12 or buffer 
layer 14. A device match layer 24 may be provided on the 
mismatch layer 20 and device layers 30 may be formed on 
the device match layer 24. The mismatch layer 20 has an 
unstrained lattice constant that is mismatched with the 
unstrained lattice constant of the Substrate 12 and/or buffer 
layer 14. The mismatch layer 20 has an in-plane strained 
lattice constant that is Substantially lattice matched with the 
unstrained lattice constant of the device match layer 24. The 
device match layer may act as a quasi-ideal Substrate layer 
that is Substantially unstrained and Substantially lattice 
matched to the device layers 30. It will be understood that 
in some embodiments, the mismatch layer 20, the device 
match layer 24 and/or the device layer 30 may include a 
plurality of Sublayers. 

0035. The semiconductor material of the mismatch layer 
20 has structural properties (e.g. Similar crystal structure and 
orientation) similar to the Semiconductor material(s) of the 
device layers 30 and/or the device match layer 24 but has an 
unstrained lattice constant that is Sufficiently mismatched 
with a lattice constant of the Substrate 12 and/or buffer layer 
14 Such that it does not have the lattice constant of the 
substrate 12 but is still under strain. For example, the 
mismatch layer 20 may be a layer formed by initial 3D 
island growth that leaves tensile Strain upon coalescence 
even in the presence of lattice mismatch relaxation, for 
example, through dislocation formation. In certain embodi 
ments of the present invention, the mismatch layer 20 may 
be grown on a SiC Substrate as a Substantially unstrained 
layer at a growth temperature and Strain induced in the 
mismatch layer 20 when the structure cools from the growth 
temperature. In other embodiments, the mismatch layer 20 
may be grown on a SiC Substrate having a Strain at a growth 
temperature that compensates for Strain induced in the 
mismatch layer 20 when the structure cools from the growth 
temperature to provide the desired in-plane Strained lattice 
COnStant. 

0.036 Furthermore, the device match layer 24 may be 
grown, for example, by adjusting the composition, Such as 
the Al composition, or growth conditions of the mismatch 
layer 20, such that the device match layer 24 is under 
compressive Strain at growth temperature if the thermal 
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expansion coefficient (“TEC) of the device match layer 24 
is greater than that of the substrate (e.g. GaN/SiC) or under 
tensile strain at the growth temperature if the TEC of the 
device match layer 24 is less than that of the Substrate (e.g. 
GaN/Al-O) such that the device match layer 24 is more 
nearly relaxed at room temperature. The temperature at 
which the device match layer 24 is substantially unstrained 
may, instead, be chosen to be the Substrate removal tem 
perature to facilitate removal in a single piece. Alternatively, 
the temperature at which the device match layer 24 is 
substantially unstrained could be chosen to be the bulk 
regrowth temperature for the case of using the device match 
layer 24 as a Seed Still attached to the original Substrate. 
Furthermore, the temperature at which the device match 
layer 24 is Substantially unstrained could be chosen based on 
the device operating temperature. The temperature at which 
the device match layer 24 is Substantially unstrained could 
also be chosen based on an intermediate temperature Such 
that Strain never exceeds a critical value over all temperature 
ranges the Structure will experience over its lifetime. 

0037. In some embodiments of the present invention, the 
mismatch layer 20 may comprise a Group III-nitride, Such as 
AlGaN or AlInGaN. However, in other embodiments of the 
present invention, the mismatch layer 20 may also be other 
Semiconductor materials, Such as SiGe, GaAS or the like. In 
certain embodiments of the present invention, the mismatch 
layer 20 may be substantially free of dopants, such as Si and 
Mg. The thickness of the mismatch layer 20 may vary 
depending on the particular semiconductor structure. For 
example, the thickness of the mismatch layer 20 may be 
from about 1 nm to about 1 um for an AlGaN based 
mismatch layer. The mismatch layer 20 should not be so 
thick as to cause cracking and/or Substantial defect forma 
tion therein. The mismatch layer 20 may be semi-insulating. 
In certain embodiments, the mismatch layer 20 is AlGaN 
with a Substantially uniform aluminum concentration. In 
further embodiments, the mismatch layer 20 may be an 
AlGaN layer that is graded with composition X decreas 
ing during the growth. The change in composition may be 
linear, non-linear and/or Step wise. Furthermore, the mis 
match layer 20 may be a short period super lattice of AlN 
and GaN or AlGaN and AlGaN. 

0038. In addition to the optional buffer layer 14, the 
mismatch layer 20 may be formed on or above one or more 
optional intervening layers (not shown). If Such is the case, 
the Strain energy that Such intervening layerS impart to the 
mismatch layer 20 may be taken into account So as to 
provide the appropriate Strained in-plane lattice constant of 
the mismatch layer 20. 
0039 The particular composition, growth conditions and 
the like, of the mismatch layer 20 may be selected so as to 
provide the desired Strained in-plane lattice constant. AS 
briefly discussed above, in certain embodiments of the 
present invention, the mismatch layer 20 may be fabricated 
by forming three dimensional islands on the Substrate 12 or 
the buffer layer 14 and growing the mismatch layer 20 such 
that the Semiconductor material, Such as an AlGaN based 
material, coalesces between the islands. Such growth can 
provide a mismatch layer 20 that does not take on the lattice 
constant of the underlying Substrate but remains Strained 
Such that the in-plane unstrained lattice constant of the 
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semiconductor material of the mismatch layer 20 differs 
from the Strained in-plane lattice constant of the mismatch 
layer 20. 

0040 For example, in certain embodiments of the present 
invention a Semi-insulating AlN layer is deposited at high 
temperature (e.g. >1000 C.) on a semi-insulating SiC Sub 
Strate as a nucleation/buffer layer. Next, a Semi-insulating 
AlGaN layer (X-0.2) is deposited at high temperature 
(e.g. >1000 C.) on the AlN layer to provide a mismatch layer 
20. The growth conditions (Such as temperature, pressure, 
V/III ratio, growth rate, thickness, etc.) are adjusted to 
ensure that the AlGaN is not coherently strained to the AIN 
layer. Preferably, the AlGaN will initially begin growth in a 
three-dimensional mode with a relatively low density of 
nuclei (e.g.<10 cm?). As would be appreciated by those of 
skill in the art in light of the present disclosure, the detailed 
growth conditions may differ depending on reactor geometry 
and, therefore, may be adjusted accordingly to achieve 
AlGaN with the desired properties. A device match layer 24 
of AlGaN (X-0.1) may be provided on the mismatch 
layer 20. X-ray diffraction crystallography may be used to 
determine the Strained lattice constant of the resulting 
AlGaN layer. If the resulting AlGaN layer does not have the 
desired Strained in-plane lattice constant, the composition of 
the AlGaN layer and/or the growth conditions may be 
adjusted So as to provide the desired Strained in-plane lattice 
COnStant. 

0041 Because the device match layer 24 is substantially 
unstrained, a thick layer may be grown that may allow for 
dislocation annihilation. For example, in certain embodi 
ments of the present invention, the device match layer 24 
may be grown to a thickness of from about 0.1 um to about 
1 mm or thicker. In particular embodiments of the present 
invention where the device match layer 24 comprises a GaN 
based layer, the device match layer 24 may be grown to a 
thickness of from about 0.1 um to about 1 mm or thicker 
without cracking. Through utilization of embodiments of the 
present invention, high quality Semiconductor regions may 
be provided that are Substantially lattice matched to a 
device's Semiconductor material. Such Semiconductor 
regions may be Substantially unstrained which may reduce 
the likelihood of cracking through growth of Subsequent 
Semiconductor layers. Thus, embodiments of the present 
invention may be useful in producing diodes, laser diodes, 
transistors, high electron mobility transistors, or other Such 
Semiconductor devices. 

0042 FIG. 2 illustrates further embodiments of the 
present invention. AS Seen in FIG. 2, the Semiconductor 
structure 10' includes a graded transition layer 22. The 
graded transition layer may transition from the Strained 
in-plane lattice constant of the mismatch layer 20 to the 
unstrained lattice constant of the device match layer 24. The 
graded transition layer 22 may include one or more Sublay 
erS and may be graded in a linear, non-linear and/or Step 
wise manner. Thus, over the thickness of the graded transi 
tion layer 22 the Strained in-plane lattice constant may 
remain Substantially the same but the Strain in the layer is 
reduced. Thus, the likelihood of the total strain of the 
Structure exceeding a threshold at which cracking occurs 
may be reduced. 

0043. In certain embodiments of the present invention, 
the graded transition layer 22 is an AlGaN layer where 
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X changes from the mismatch layer 20 to the device match 
layer 24. In certain embodiments, X is 0 at the interface 
between the graded transition layer 22 and the device match 
layer 24 Such that the graded transition layer 22 transitions 
from AlGaN to GaN. For example, in the embodiment 
described above, a graded transition layer 22 may be pro 
vided between the mismatch layer 20 and the device match 
layer 24 that transitions from AlGaN where X-0.2 to 
AlGaN where X-0.1. However, in other embodiments of 
the present invention, the graded transition layer 22 may be 
other graded Semiconductor materials Such that the graded 
transition layer 22 changes in composition from a Semicon 
ductor material that is Substantially the same as the Semi 
conductor material of the-mismatch layer 20 to a Semicon 
ductor material that is Substantially the same as the 
Semiconductor material of the device match layer 24. 
0044 As described above, the specific composition of the 
various layers of the Structure may vary depending on the 
desired composition and/or Strain of the device match layer 
24. Furthermore, the composition of various layerS may 
depend on the unintentional StreSS in the mismatch layer 20. 
Thus, for example, if the unintentional stress is-0.8 GPa. 
tensile in the mismatch layer 20, a value of Xs 10% for 
AlGaN in the mismatch layer 20 for GaN device layers 
may be Suitable. 
0045. In further embodiments of the present invention, 
the substrate 12 may be removed from a thick device match 
layer 24 that becomes low StreSS. Such embodiments may, 
for example, be Suitable for use as Seed crystals in growing 
additional Semiconductor structures. These low stress layers 
could be used as seed crystals for growth of thicker bulk 
crystal boules, which could in turn be sliced into wafers and 
used as Substrates for growth of devices. For example, Such 
Semiconductor Structures may be utilized to provide a GaN 
layer for fabrication utilizing ELOG and/or pendeo-epitaxial 
fabrication techniques. 
0046. In the drawings and specification, there have been 
disclosed typical embodiments of the invention, and, 
although specific terms have been employed, they have been 
used in a generic and descriptive Sense only and not for 
purposes of limitation, the Scope of the invention being Set 
forth in the following claims. 
That which is claimed is: 

1. A Semiconductor Structure, comprising: 
a Substrate having a first in-plane unstrained lattice con 

Stant, 

a first layer comprising a first Semiconductor material on 
the Substrate and having a Second in-plane unstrained 
lattice constant that is different from the first in-plane 
unstrained lattice constant; and 

a variable mismatch layer comprising a Second Semicon 
ductor material disposed between the Substrate and the 
first layer, the variable mismatch layer being configured 
to reduce stress in the first layer to below a level of 
StreSS resulting from growth of the first layer directly on 
the Substrate. 

2. The Semiconductor Structure of claim 1, wherein the 
variable mismatch layer comprises a Second layer disposed 
adjacent the Substrate, where the Second Semiconductor 
material has a third in-plane unstrained lattice constant that 
is mismatched with the first in-plane unstrained lattice 

Page 8 of 11



US 2004/0012015 A1 

constant and the Second layer having an in-plane Strained 
lattice constant that is Substantially matched to the Second 
in-plane unstrained lattice constant of the first layer. 

3. The semiconductor structure of claim 2, wherein the 
variable mismatch layer further comprises a third layer 
comprising a third Semiconductor material disposed 
between the Second layer and the first layer that transitions 
from the Strained in-plane lattice constant of the Second 
layer to the Second in-plane unstrained lattice constant of the 
first layer. 

4. The semiconductor structure of claim 3, wherein the 
third Semiconductor material comprises a graded Semicon 
ductor material that transitions from the Second Semicon 
ductor material to the first Semiconductor material. 

5. The semiconductor structure of claim 4, wherein the 
third layer has a first Surface adjacent the Second layer that 
has a composition that is Substantially the same as the 
Second Semiconductor material and a Second Surface adja 
cent the first layer that has a composition that is Substantially 
the same as the first Semiconductor material. 

6. The semiconductor structure of claim 2, wherein the 
in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant differ by less than about 1%. 

7. The semiconductor structure of claim 2, wherein the 
in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant differ by less than about 0.5%. 

8. The semiconductor structure of claim 2, wherein the 
in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant differ by less than about 0.1%. 

9. The semiconductor structure of claim 2, wherein the 
Second layer has a thickness that is less than a thickness at 
which cracking occurs. 

10. The semiconductor structure of claim 1, wherein the 
first Semiconductor material and the Second Semiconductor 
material are nitride based Semiconductor materials. 

11. The semiconductor structure of claim 1, further com 
prising a buffer layer between the substrate and the variable 
mismatch layer. 

12. A nitride based Semiconductor Structure for a Semi 
conductor device, comprising: 

a Substrate having a first unstrained lattice constant; 
a first layer comprising a first nitride based Semiconductor 

material on the Substrate, the first nitride based Semi 
conductor material having a Second unstrained lattice 
constant different from the first unstrained lattice con 
Stant and the first layer having a first in-plane Strained 
lattice constant; and 

a Second layer comprising a Second nitride based Semi 
conductor material on the first layer, the Second nitride 
based Semiconductor material having a third unstrained 
lattice constant that is Substantially the same as the first 
in-plane Strained lattice constant. 

13. The nitride based semiconductor structure of claim 12, 
further comprising a graded Semiconductor layer disposed 
between the first layer and the Second layer that transitions 
from the first nitride based semiconductor material to the 
Second nitride based Semiconductor material. 

14. The nitride based semiconductor structure of claim 12, 
further comprising a buffer layer between the Substrate and 
the first layer. 

15. The nitride based semiconductor structure of claim 12, 
wherein the first in-plane Strained lattice constant and the 
third unstrained lattice constant differ by less than about 1%. 
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16. The nitride based semiconductor structure of claim 12, 
wherein the first in-plane Strained lattice constant and the 
third unstrained lattice constant differ by less than about 
O.5%. 

17. The nitride based semiconductor structure of claim 12, 
wherein the first in-plane Strained lattice constant and the 
third unstrained lattice constant differ by less than about 
O.1%. 

18. The nitride based semiconductor structure of claim 12, 
wherein the first layer has a thickness that is less than a 
thickness at which cracking occurs. 

19. The nitride based semiconductor structure of claim 12, 
wherein the first layer and the Second layer comprise Group 
III-nitride Semiconductor materials. 

20. The nitride based semiconductor structure of claim 19, 
wherein the Substrate comprises a Silicon carbide Substrate 
or a Sapphire Substrate. 

21. The nitride based semiconductor structure of claim 19, 
wherein the first layer and the second layer comprise GaN 
based Semiconductor materials. 

22. The nitride based semiconductor structure of claim 21, 
wherein the first layer comprises AlGaN, wherein 
0<Xs 1. 

23. The nitride based semiconductor structure of claim 22, 
wherein the second layer comprises AlGaN, wherein 
0sy<1. 

24. The nitride based semiconductor structure of claim 13, 
wherein the first layer comprises AlGaN, where 0<XS1, 
the second layer comprises AlGa-N, where 0sy<1 and 
the graded Semiconductor layer comprises AlGa N, 
where Z transitions from X to y. 

25. A method of fabricating a Semiconductor Structure, 
comprising: 

forming a variable mismatch layer comprising a Second 
Semiconductor material on a Substrate, the Substrate 
having a first in-plane unstrained lattice constant; 

forming a first layer comprising a Second Semiconductor 
material on the variable mismatch layer, the first layer 
having a Second in-plane unstrained lattice constant 
that is different from the first in-plane unstrained lattice 
constant; and 

wherein the variable mismatch layer is configured to 
reduce stress in the first layer to below a level of stress 
resulting from growth of the first layer directly on the 
Substrate. 

26. The method of claim 25, wherein the step of forming 
a variable mismatch layer comprises forming a Second layer 
disposed adjacent the Substrate, where the Second Semicon 
ductor material has a third in-plane unstrained lattice con 
Stant that is mismatched with the first in-plane unstrained 
lattice constant and the Second layer is formed to have an 
in-plane Strained lattice constant that is Substantially 
matched to the Second in-plane unstrained lattice constant of 
the first layer. 

27. The method of claim 26, wherein the step of forming 
a Second layer comprises the Steps of: 

forming 3D islands of the Second Semiconductor material 
on the Substrate; and 

growing the Second Semiconductor material Such that the 
Second Semiconductor material coalesces in regions 
between the 3D islands. 
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28. The method of claim 27, further comprising the step 
of forming a buffer layer on the substrate between the second 
layer and the Substrate; and 

wherein the Step of forming 3D islands comprises forming 
3D islands on the buffer layer. 

29. The method of claim 26, wherein the step of forming 
a variable mismatch layer further comprises the Step of 
forming a third layer comprising a third Semiconductor 
material disposed between the Second layer and the first 
layer that transitions from the Strained in-plane lattice con 
Stant of the Second layer to the Second in-plane unstrained 
lattice constant of the first layer. 

30. The method of claim 29, wherein the step of forming 
a third layer comprises the Step of forming a graded layer of 
the third Semiconductor material that transitions from the 
Second Semiconductor material to the first Semiconductor 
material. 

31. The method of claim 30, wherein the step of forming 
a graded layer comprises forming the third layer Such that 
the third layer has a first Surface adjacent the Second layer 
that has a composition that is Substantially the same as the 
Second Semiconductor material and a Second Surface adja 
cent the first layer that has a composition that is Substantially 
the same as the first Semiconductor material. 

32. The method of claim 26, wherein the step of forming 
a Second layer comprises forming a Second layer Such that 
the in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant differ by less than about 1%. 

33. The method of claim 26, wherein the step of forming 
a Second layer comprises forming a Second layer Such that 
the in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant differ by less than about 0.5%. 

34. The method of claim 26, wherein the step of forming 
a Second layer comprises forming a Second layer Such that 
the in-plane Strained lattice constant and the Second in-plane 
unstrained lattice constant differ by less than about 0.1%. 

35. The method of claim 26, wherein the step of forming 
a Second layer comprises forming a Second layer Such that 
the Second layer has a thickness that is less than a thickneSS 
at which cracking occurs. 

36. The method of claim 25, wherein the first semicon 
ductor material and the Second Semiconductor material are 
nitride based Semiconductor materials. 

37. The method of claim 25, further comprising the step 
of forming a buffer layer between the substrate and the 
variable mismatch layer. 

38. The method of claim 25, further comprising the step 
of utilizing the first layer as a Seed crystal in forming a layer 
of Semiconductor material. 

39. The method of claim 38, further comprising the step 
of removing the Substrate from the first layer. 

40. The method of claim 25, wherein the step of forming 
a variable mismatch layer comprises forming a variable 
mismatch layer configured to provide a first layer that is 
Strained at a growth temperature and Substantially unstrained 
at a Second temperature, different from the growth tempera 
ture. 

41. The method of claim 40, wherein the second tem 
perature is room temperature. 

42. The method of claim 40, wherein the second tem 
perature is Selected from the group consisting of a device 
operation temperature, a Substrate removal temperature and 
a bulk regrowth temperature. 
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43. The method of claim 40, wherein the second tem 
perature is an intermediate temperature between a highest 
and a lowest processing, Storage and/or operating tempera 
ture. 

44. A method of fabricating a nitride based Semiconductor 
Structure for a Semiconductor device, comprising: 

forming a first layer comprising a first nitride based 
Semiconductor material on the Substrate, the Substrate 
having a first unstrained lattice constant and the first 
nitride based Semiconductor material having a Second 
unstrained lattice constant different from the first 
unstrained lattice constant and the first layer having a 
first in-plane Strained lattice constant; and 

forming a Second layer comprising a Second nitride based 
Semiconductor material on the first layer, the Second 
nitride based Semiconductor material having a third 
unstrained lattice constant that is Substantially the same 
as the first in-plane Strained lattice constant. 

45. The method of claim 44, further comprising forming 
a graded Semiconductor layer disposed between the first 
layer and the Second layer that transitions from the first 
nitride based Semiconductor material to the Second nitride 
based Semiconductor material. 

46. The method of claim 44, further comprising forming 
a buffer layer between the substrate and the first layer. 

47. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer Such that the first 
in-plane Strained lattice constant and the third unstrained 
lattice constant differ by less than about 1%. 

48. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer Such that the first 
in-plane Strained lattice constant and the third unstrained 
lattice constant differ by less than about 0.5%. 

49. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer Such that the first 
in-plane Strained lattice constant and the third unstrained 
lattice constant differ by less than about 0.1%. 

50. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer Such that the first 
layer has a thickness that is less than a thickness at which 
cracking occurs. 

51. The method of claim 44, wherein the first layer and the 
Second layer comprise Group III-nitride Semiconductor 
materials. 

52. The method of claim 51, wherein the Substrate com 
prises a Silicon carbide Substrate or a Sapphire Substrate. 

53. The method of claim 45, wherein the first layer and the 
Second layer comprise GaN based Semiconductor materials. 

54. The method of claim 53, wherein the first layer 
comprises AlGaN, wherein OSXS1. 

55. The method of claim 54, wherein the second layer 
comprises AlGaN, wherein 0sys1. 

56. The method of claim 45, wherein the first layer 
comprises AlGaN, where 0sXs 1, the Second layer 
comprises AlGai-N, where 0sys 1 and the graded semi 
conductor layer comprises AlGaN, where X is not equal 
to y and Z transitions from X to y. 

57. The method of claim 44, wherein the step of forming 
a first layer comprises the Steps of: 

forming 3D islands of the first nitride based semiconduc 
tor material on the Substrate; and 
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growing the first nitride based Semiconductor material 
Such that the Second Semiconductor material coalesces 
in regions between the 3D islands. 

58. The method of claim 57, further comprising the step 
of forming a buffer layer on the substrate between the first 
layer and the Substrate; and 

wherein the Step of forming 3D islands comprises forming 
3D islands on the buffer layer. 

59. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer of the first nitride 
based Semiconductor material So as to be unstrained at a 
growth temperature and Strained when cooled from growth 
temperature. 

60. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer of the first nitride 
based Semiconductor material So as to be Strained at a 
growth temperature and Strained when cooled from growth 
temperature. 

61. The method of claim 60, wherein the amount of strain 
at growth temperature compensates for the amount of Strain 
induced in the first layer when cooled from growth tem 
perature. 

62. The method of claim 44, further comprising the step 
of utilizing the Second layer as a Seed crystal in forming a 
layer of Semiconductor material. 

63. The method of claim 62, further comprising the step 
of removing the Substrate from the first layer. 

64. The method of claim 44, wherein the step of forming 
a first layer comprises forming a first layer configured to 
provide a Second layer that is Strained at a growth tempera 
ture and Substantially unstrained at a Second temperature, 
different from the growth temperature. 

65. The method of claim 64, wherein the second tem 
perature is room temperature. 

66. The method of claim 64, wherein the second tem 
perature is Selected from the group consisting of a device 
operation temperature, a Substrate removal temperature and 
a bulk regrowth temperature. 
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67. The method of claim 64, wherein the second tem 
perature is an intermediate temperature between a highest 
and a lowest processing, Storage and/or operating tempera 
ture. 

68. A Semiconductor Structure, comprising: 
a Substrate having a first in-plane unstrained lattice con 

Stant, 

a first layer comprising a first Semiconductor material on 
the Substrate and having a Second in-plane unstrained 
lattice constant that is different from the first in-plane 
unstrained lattice constant; and 

means for reducing StreSS in the first layer to below a level 
of StreSS resulting from growth of the first layer directly 
on the Substrate. 

69. The semiconductor structure of claim 68, wherein the 
means for reducing StreSS comprises a Second layer disposed 
adjacent the Substrate, where the Second Semiconductor 
material has a third in-plane unstrained lattice constant that 
is mismatched with the first in-plane unstrained lattice 
constant and the Second layer having an in-plane Strained 
lattice constant that is Substantially matched to the Second 
in-plane unstrained lattice constant of the first layer. 

70. The semiconductor structure of claim 69, wherein the 
means for reducing StreSS further comprises a third layer 
comprising a third Semiconductor material disposed 
between the Second layer and the first layer that transitions 
from the Strained in-plane lattice constant of the Second 
layer to the Second in-plane unstrained lattice constant of the 
first layer. 

71. The semiconductor structure of claim 68, wherein the 
Substrate comprises an ELOG and/or pendeo-epitaxial GaN 
based Substrate. 

72. The semiconductor stricture of claim 68, wherein the 
first Semiconductor material comprises a GaN based mate 
rial. 
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