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(57) ABSTRACT

There is provided a nitride semiconductor template, includ-
ing: a substrate having a front surface and a back surface
opposite to the front surface; a back side semiconductor
layer provided on a back surface side of the substrate,
comprising a polycrystalline group III nitride semiconduc-
tor, and having a linear expansion coefficient different from
a linear expansion coefficient of the substrate; and a front
side semiconductor layer provided on a front surface side of
the substrate, comprising a monocrystalline group I1I nitride
semiconductor, and having a linear expansion coefficient
different from a linear expansion coefficient of the substrate,
wherein a thickness of the front side semiconductor layer is
athickness exceeding a critical thickness at which cracks are
generated in the front side semiconductor layer when only
the front side semiconductor layer is formed without form-
ing the back side semiconductor layer.
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NITRIDE SEMICONDUCTOR TEMPLATE,
METHOD FOR MANUFACTURING NITRIDE
SEMICONDUCTOR TEMPLATE, AND
METHOD FOR MANUFACTURING NITRIDE
SEMICONDUCTOR FREE-STANDING
SUBSTRATE

TECHNICAL FIELD

[0001] The present invention relates to a nitride semicon-
ductor template, a method for manufacturing a nitride semi-
conductor template and a method for manufacturing a semi-
conductor free-standing substrate.

DESCRIPTION OF RELATED ART

[0002] When manufacturing a semiconductor device such
as a light-emitting device composed of a group III nitride
semiconductor, for example, a nitride semiconductor tem-
plate in which a nitride semiconductor layer is grown on a
surface of a sapphire substrate or the like is sometimes used
as a substrate for growing a laminate such as a light-emitting
layer (see, for example, Patent Document 1, Non-Patent
Document 1).

PRIOR ART DOCUMENT

Patent Document
[0003] [Patent. Document 1] Japanese Unexamined Patent
Publication No. 2016-32038
Non-Patent Document

[0004] Non-Patent Document Edward A. P. Preble, Jacob
11. Leach, Robert :Metzger, Eugene Shishkin, and Kevin
A. Udwary: Phys. Status Solidi C 11, No. 3-4 604-607
(2014)

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0005] An object of the present invention is to provide a
technique of obtaining a high-quality nitride semiconductor
template or a nitride semiconductor free-standing substrate
with high yield.

Means for solving the Problem

[0006] According to an aspect of the present invention,
there is provided a nitride semiconductor template, includ-
ing:

[0007] a substrate having a front surface and a back

surface opposite to the front surface;

[0008] aback side semiconductor layer provided on a back
surface side of the substrate, comprising a polycrystalline
group III nitride semiconductor, and having a linear expan-
sion coeflicient different from a linear expansion coefficient
of the substrate; and

[0009] a front side semiconductor layer provided on a
front surface side of the substrate, comprising a monocrys-
talline group III nitride semiconductor, and having a linear
expansion coefficient. different from a linear expansion
coeflicient of the substrate,

[0010] wherein a thickness of the front side semiconductor
layer is a thickness exceeding a critical thickness at which
cracks are generated in the front side semiconductor layer in
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a case that only the front side semiconductor layex is formed
without forming the back side semiconductor layer.

[0011] According to another aspect of the present inven-
tion, there is provided a method for manufacturing a nitride
semiconductor template, including:

[0012] a first step of preparing a substrate having a front
surface and a back surface opposite to the front surface;
[0013] asecond step of forming a back side semiconductor
layer provided on a back surface side of the substrate,
comprising a polycrystalline or amorphous group III nitride
semiconductor, and having a linear expansion coefficient
different from a linear expansion coefficient of the substrate;
and

[0014] a third step of forming a front side semiconductor
layer on the front surface side of the substrate, comprising
a monocrystalline group III nitride semiconductor, and hav-
ing a linear expansion coeflicient different from a linear
expansion coefficient of the substrate,

[0015] wherein the third step is performed after the second
step.
[0016] According to further another aspect of the present

invention, there is provided a method for manufacturing a
nitride semiconductor free-standing substrate, including:
[0017] a first step of preparing a substrate having a front
surface and a back surface opposite to the front surface;
[0018] asecond step of forming a back side semiconductor
layer provided on a back surface side of the substrate,
comprising a polycrystalline or amorphous group III nitride
semiconductor, and having a linear expansion coefficient
different from a linear expansion coefficient of the substrate;
[0019] a third step of forming a nitride semiconductor
template by forming a front side semiconductor layer on the
front surface side of the substrate, comprising a monocrys-
talline group III nitride semiconductor, and having a linear
expansion coeflicient different from a linear expansion coef-
ficient of the substrate; and

[0020] a fourth step of removing the back side semicon-
ductor layer and the substrate from the nitride semiconduc-
tor template to leave the front side semiconductor layer,

[0021] wherein the third step is performed after the second
step.

Advantage of the Invention
[0022] According to the present invention, a high-quality

nitride semiconductor template or a high-quality nitride
semiconductor free-standing substrate can be obtained with
high yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a cross-sectional view showing a nitride
semiconductor template according to an embodiment of the
present invention.

[0024] FIG. 2 is a schematic configuration view showing
a nitride semiconductor template manufacturing device.
[0025] FIG. 3Ais a cross-sectional view showing a place-
ment state of a substrate according to a comparative
example, FIG. 3B and FIG. 3C are cross-sectional views
showing a placement state of the substrate in step 2.
[0026] FIG. 4A is a cross-cross-sectional view showing a
state of a substrate when forming a back side semiconductor
layer at a predetermined growth temperature in step 2, FIG.
4B is a cross-sectional view showing a state of the substrate
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when a substrate temperature is lowered to room tempera-
ture after forming the back side semiconductor layer in step
2.

[0027] FIG. 5A is a cross-sectional view showing a place-
ment state of the substrate in step 3, and FIG. 5B is a
cross-sectional view showing a state of the substrate when
forming the front side semiconductor layer at a predeter-
mined growth temperature in step 3.

[0028] FIG. 6 is a cross-sectional view showing a nitride
semiconductor template according to a modified example 1
of an embodiment of the present invention.

[0029] FIG. 7A is a cross-sectional view showing a nitride
semiconductor template according to a modified example 2
of an embodiment of the present invention, and FIG. 7B is
a cross-sectional view showing a nitride semiconductor
template according to a modified example 3 of an embodi-
ment of the present invention.

[0030] FIG. 8 is a cross-sectional view showing a nitride
semiconductor template according to a modified example 4
of an embodiment of the present invention.

[0031] FIG. 9A is a cross-sectional view showing a place-
ment state of the substrate in step 2 of the modified example
4, and FIG. 9B is a cross-sectional view showing a place-
ment state of the substrate in step 3 of the modified example
4.

[0032] FIG. 10A is a cross-sectional view showing a state
in which a front side supporting substrate is attached to a
front surface side of the front side semiconductor layer in
step 4 of the modified example 5, and FIG. 10B is a
cross-sectional view showing a state in which a back side
semiconductor layer and the substrate are removed from a
front surface side of the front side semiconductor layer in
step 4 of the modified example 5.

[0033] FIG. 11A is a cross-sectional view showing a state
in which the back side supporting substrate is attached to a
back surface side of the front side semiconductor layer in
step 4 of the modified example 5, and FIG. 11B is a
cross-sectional view showing a state in which the front side
supporting substrate is removed from the front surface side
of the front side semiconductor layer in step 4 of the
modified example 5.

[0034] FIG. 12A is a cross-sectional view showing a state
in which a full-scale growth layer is farmed on the front side
semiconductor layer in step 5 of the modified example 5, and
FIG. 12B is a cross-sectional view showing a state in which
nitride semiconductor free-standing substrates are sliced
from the full-scale growth layer in step of the modified
example 5.

DETAILED DESCRIPTION OF THE
INVENTION

<Finding Obtained by Inventors>

[0035] Inaconventional nitride semiconductor template, a
nitride semiconductor layer made of a group III nitride
semiconductor is provided only on a front surface side of a
substrate such as a sapphire substrate. In such a configura-
tion, when a thickness of a nitride semiconductor layer is
increased, there is a possibility that the nitride semiconduc-
tor template would be warped in airily due to a difference in
linear expansion coefficient between the group III nitride
semiconductor and the substrate. Specifically, there is a
possibility that the nitride semiconductor template would be
warped so that the nitride semiconductor layer side has a
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convex shape, when the temperature of the nitride semicon-
ductor template is lowered after the nitride semiconductor
layer is formed, from a growth temperature (typically about
900 to 1200° C.) to room temperature, because the linear
expansion coeflicient of the sapphire substrate is larger than
the linear expansion coefficient of the group III nitride
semiconductor. When warping occurs in the nitride semi-
conductor template, a focal deviation occurs between a
central portion and a peripheral edge portion of the nitride
semiconductor template and there is a possibility that pattern
defects may occur, when performing photolithography in a
process of manufacturing a semiconductor device such as a
light-emitting device. Further, when the thickness of the
nitride semiconductor layer is increased, internal stress is
accumulated in each of the nitride semiconductor layer and
the substrate, and there is a possibility that cracks are
generated in either or both of them. When the cracks are
generated in the substrate, the substrate cannot be applied to
the manufacture of the semiconductor device such as the
light-emitting device. As described above, in the conven-
tional nitride semiconductor template, there is a possibility
that a yield is lowered due to warping or cracks.

[0036] In order to solve such a problem, for example
Non-Patent document 1 is disclosed. In the method for
manufacturing a nitride semiconductor template in Non-
Patent. Document 1, a monocrystalline gallium nitride
(GaN) layer is formed first on a front surface side of the
sapphire substrate, and a polycrystalline GaN layer is
formed next as a stress balance layer on a back surface side
of the sapphire substrate. Thereafter, the GaN layer on the
front surface side of the sapphire substrate is polished.
Thereby, warping of the nitride semiconductor template is
reduced.

[0037] However, in Non-Patent, Document 1, a monoc-
rystalline GaN layer is formed on the front surface side of
the sapphire substrate in a state in which no stress balance
layer is provided on the back surface side of the sapphire
substrate, and therefore when the monocrystalline GaN layer
is formed thick on the front surface side of the sapphire
substrate, there is a possibility that internal stress is accu-
mulated in the GaN layer on the front side and cracks are
generated. Specifically, according to the investigation by the
inventors of the present invention, it is found that, in a case
that the thickness of the GaN layer en the front: surface side
is more than 10 um, cracks are generated in the GaN layer
on the front side, when the temperature of the nitride
semiconductor template having only the GaN layer on the
front side is raised to the growth temperature of the group
nitride semiconductor (For example, when firming the GaN
layer on the back side after forming the GaN layer on the
front: side as in Non-Patent Document 1). It is also found
that, in a case that the thickness of the GaN layer on the front
side is more than 15 pum, cracks are sometimes generated in
the GaN layer on the front side after elapse of a predeter-
mined time from formation of the GaN layer on the front
side. It is also found that, in a case that the thickness of the
GaN layer on the front side is more than 20 pum, cracks are
sometimes generated in the GaN layer on the front surface
side immediately after the formation of the GaN layer on the
front surface side. Due to such a phenomenon, according to
the method of Non-Patent Document 1, it is difficult to
stably manufacture the nitride semiconductor template in
which the monocrystalline GaN layer is formed thick on the
front surface side of the sapphire substrate.
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[0038] Further, in Non-Patent Document 1, as described
above, the thickness of the GaN layer on the front surface
side cannot: be more than 20 pum, and therefore there is a
possibility that a dislocation density of the GaN layer on the
front surface side cannot be lowered to a predetermined
value or less (for example, 5x107 cm™ or less which will
described later).

[0039] Further, in Non-Patent Document 1, after forming
the monocrystalline GaN layer on the front surface side of
the sapphire substrate, the sapphire substrate is placed on a
susceptor so that the GaN layer side on the front surface side
is in contact with the surface of the susceptor, and a stress
balance layer is formed on the back surface side of the
sapphire substrate by heat transfer from the susceptor. At this
time, there is a possibility that the heat transferred directly
from the susceptor to the GaN layer on the front side causes
the GaN layer on the front surface side to be thermally
etched, and the surface becomes rough. Therefore, it is
necessary to perform a step of polishing the GaN layer on
the front side after forming the stress balance layer on the
back side, and therefore a manufacturing cost is likely to
increase.

[0040] The present invention is based on the above finding
obtained by the inventors of the present invention.

An Embodiment of the Present Invention

[0041] An embodiment of the present invention will
described hereafter, with reference to the drawings.

(1) Nitride Semiconductor Template

[0042] First, a nitride semiconductor template of this
embodiment will be described, using FIG. 1. FIG. 1 is a
cross-sectional view showing the nitride semiconductor
template of this embodiment.

[0043] A nitride semiconductor template 10 is configured
as a substrate-like structure used as a base material in
manufacturing a semiconductor device such as a light-
emitting device. Specifically, the nitride semiconductor tem-
plate 10 includes a substrate 100, a back side semiconductor
layer (first semiconductor layer) 120, a buffer layer 140, and
a front side semiconductor layer (second semiconductor
layer) 160. (Substrate)

[0044] The substrate 100 is configured to function as a
supporting substrate for supporting the back side semicon-
ductor layer 120 and the front side semiconductor layer 160.
Hereinafter, a lower surface of the substrate 100 is referred
to as a “back surface (first main surface) 101”, and an upper
surface opposite to the lower surface of the substrate 100 is
defined as “front surface (second main surface) 102”.

[0045] The substrate 100 is, for example, a sapphire
(AL, O;) substrate. Further, the front surface 102 of the
substrate 100 is (0001) plane (c plane), or a plane inclined
from ¢ plane in M axis or A axis direction of the sapphire
crystal axis in a range of 0.1 to 2°. Further, a thickness of the
substrate 100 depends on a diameter of the substrate 100, but
is, for example, 300 pm or more and 2 mm or less. Typically
when the diameter of the substrate 100 is 2 inches (50.8
mm), the thickness of the substrate 100 is 300 to 450 um, and
when the diameter of the substrate 100 is 4 inches (100 mm),
the thickness of the substrate 100 is 600 to 900 um, and
when the diameter of the substrate 100 is 6 inches (150 mm),
the thickness of the substrate 100 is 1000 to 2000 um. Here,
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for example, the diameter of the substrate 100 is 4 inches,
and the thickness of the substrate 100 is 900 pm.

[0046] The front surface 102 of the substrate 100 is, for
example, a mirror surface. In other words, the front surface
102 of the substrate 100 is a so-called an epi-ready surface
on which the group III nitride semiconductor can be epi-
taxially grown. Specifically, root mean square roughness
(RMS) of the front surface 102 of the substrate 100 is, for
example, 10 nm or less, preferably 1 nm or less. “RMS” as
used herein means RMS in a case of measuring a 20 pm
square area using an atomic force microscope (AFM).
Meanwhile, the back surface 101 of the substrate 100 is, for
example, a rough surface having random irregularities, a
so-called lap surface. Namely, surface roughness on the back
surface 101 of the substrate 100 is larger than the surface
roughness on the front surface 102 of the substrate 100.
Specifically, the RMS on the back surface 101 of the
substrate 100 is for example 0.5 um or more and 5 um or
less. Thereby, it is easy to grow a monocrystalline group
nitride semiconductor on the front surface 102 side of the
substrate 100 while making it easy to grow the polycrystal-
line group I1I nitride semiconductor on the back surface 101
side of the substrate 100.

(Back Side Semiconductor Layer)

[0047] The back side semiconductor layer 120 is provided
on the back surface 101 side of the substrate 100, and is
configured so that internal stress generated in the back side
semiconductor layer 120 and internal stress generated in the
front side semiconductor layer 160 cancel each other.
Thereby, it is possible to reduce warping of the nitride
semiconductor template 10 and suppress the generation of
cracks in the nitride semiconductor template 10.

[0048] The back side semiconductor layer 120 comprises,
for example, the polycrystalline group III nitride semicon-
ductor, and has a linear expansion coefficient different from
the linear expansion coefficient of the substrate 100. In this
embodiment, for example, the back side semiconductor
layer 120 comprises polycrystalline GaN. There is almost no
report on the linear expansion coefficient of the polycrys-
talline GaN, and its linear expansion coefficient is unclear.
However, judging from the results of examples described
later, it can be considered that the linear expansion coeffi-
cient of the polycrystalline GaN is smaller than the linear
expansion coeflicient: (7.00x10~%K) in the a-axis direction
of the sapphire substrate which is the substrate 100, and is
close to the linear expansion coeflicient of the monocrys-
talline GaN (5.59x10~%K).

[0049] For example, the back side semiconductor layer
120 is directly provided on the back surface 101 of the
substrate 100 as a rough surface without interposing a
so-called buffer layer (in contact with the back surface 101).
Therefore, the back side semiconductor layer 120 is formed
as being polycrystalline without epitaxial growth as being
monocrystalline.

[0050] In this embodiment, since the back side semicon-
ductor layer 120 comprises a polycrystalline group III
nitride semiconductor, and therefore a crystal orientation in
the back side semiconductor layer 120 is random, that is, a
cleavage direction is random. Thereby, generation of the
cracks in a specific cleavage direction in the back side
semiconductor layer 120 can be suppressed. Further, even if
the internal stress occurs in the back side semiconductor
layer 120, cleavage property is low, and therefore the
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internal stress can be isotropically dispersed. As a result,
even when the back side semiconductor layer 120 is formed
thick, it is possible to make the back side semiconductor
layer 120 hard to break.

[0051] Further, in this embodiment, since the back side
semiconductor layer 120 comprises the polycrystalline
group III nitride semiconductor, visibility and heat absorp-
tion of the nitride semiconductor template 10 can be
improved. The monocrystalline group III nitride semicon-
ductor has a wide band gap, and therefore transmittance of
light particularly in a visible region is high, and is colorless
and transparent. However, in this embodiment, since the
back side semiconductor layer 120 comprises the polycrys-
talline group III nitride semiconductor, light absorption due
to crystal defects is large in the hack side semiconductor
layer 120. Therefore, the back side semiconductor layer 120
has low light transmittance from the visible region to an
infrared region, and is opaque. Since the back side semi-
conductor layer 120 is opaque, the visibility of the nitride
semiconductor template 10 can be improved. Further, since
the transmittance of the back side semiconductor layer 120
in the infrared region is low, a heat absorption rate of the
nitride semiconductor template 10 can be improved.

[0052] Further, in this embodiment, the thickness of the
back side semiconductor layer 120 is a thickness so that the
internal stress of the back side semiconductor layer 120 and
the internal stress of the front side semiconductor layer 160
are substantially equal to each other, and a thickness so that
a warping amount of the nitride semiconductor template 10
is within 200 um over a range from the room temperature
to the growth temperature of the front side semiconductor
layer 160. The front side semiconductor layer 160 is formed
as being monocrystalline as described later, and therefore
the warping stress of the front side semiconductor layer 160
is stronger than that of the polycrystalline back side semi-
conductor layer 120. Accordingly, in this embodiment, for
example, it is preferable that the thickness of the back side
semiconductor layer 120 be equal to or more than the
thickness of the front side semiconductor layer 160
described later. Thereby; the internal stress of the back side
semiconductor layer 120 and the internal stress of the front
side semiconductor layer 160 can be sufficiently canceled
each other so that the warping of the substrate 100 is
reduced.

[0053] Specifically, the ratio of the thickness of the back
side semiconductor layer 120 to the thickness of the front
side semiconductor layer 160, which will be described later,
is preferably 1.0 times or more and 1.5 times or less. As to
how to set the thickness of the back side semiconductor layer
120 with respect to the specific thickness of the front side
semiconductor layer 160, some discussion is necessary.
Stress (warping amount) generated between the substrate
100 and the polycrystalline back side semiconductor layer
120 is likely to be determined only by the thickness of the
back side semiconductor layer 120, regardless of a growth
condition of the back side semiconductor layer 120. Mean-
while situation is different between the monocrystalline
front side semiconductor layer 160 and the back side semi-
conductor layer 120. Even when the thickness of the front
side semiconductor layer 160 finally becomes the same as
the thickness of the back side semiconductor layer 120, for
example, when a growth rate at an initial stage of a growth
of the front side semiconductor layer 160 is different
(namely, when the initial nucleation density is different), or

Apr. 23,2020

when the timing of changing the growth condition is differ-
ent in order to flatten the surface of the front side semicon-
ductor layer 160, the warping of the substrate 100 finally
obtained is likely to be largely different. However, even
when such an influence of growth conditions occurs, or even
when the size and the thickness of the substrate 100 are
changed within the above-described range, it is possible to
adjust the final warping amount to 200 um or less, by
setting the ratio of the thickness of the back side semicon-
ductor layer 120 to the thickness of the front side semicon-
ductor layer 160 to 1.0 times or more and 1.5 times or less.
[0054] Here, the thickness of the back side semiconductor
layer 120 is, for example, more than 20 um. If the thickness
of the back side semiconductor layer 120 is 20 pum or less,
there is a possibility that the nitride semiconductor template
10 is warped largely in a case that the thickness of the front
side semiconductor layer 160 is more than 20 um. In
contrast, by making the thickness of the back side semicon-
ductor layer 120 more than 20 um, the warping amount of
the nitride semiconductor template 10 can be suppressed to
a small range, even when the thickness of the front side
semiconductor layer 160 is inure than 20 pm. It is more
preferable that the thickness of the back side semiconductor
layer 120 is, for example, 50 pm or more. Thereby it is
possible to further improve the visibility and the heat
absorption rate of the nitride semiconductor template 10. An
upper limit value of the thickness of the back side semicon-
ductor layer 120 is set according to the thickness of the front
side semiconductor layer 160. However, the thickness of the
back side semiconductor layer 120 is preferably, for
example, 200 pum or less, from a viewpoint of suppressing an
excessive increase in the material for forming the back side
semiconductor layer 120.

[0055] In this embodiment, for example, the thickness of
the back side semiconductor layer 120 is made substantially
uniform within the back surface 101 of the substrate 100.
Thereby, the internal stress generated in the back side
semiconductor layer 120 can be made uniform in the sur-
face.

(Bufter Layer)

[0056] The buffer layer 140 is provided on the front
surface 102 of the substrate 100, and configured to enhance
the crystal orientation of the front side semiconductor layer
160 described later, and to buffer a lattice constant difference
between the substrate 100 and the front side semiconductor
layer 160. The buffer layer 140 comprises, for example, the
group III nitride semiconductor, and for example in this
embodiment, the buffer layer 140 comprises aluminum
nitride (AIN).

[0057] The thickness of the buffer layer 140 is, for
example, 10 nm or more and 400 nm or less.

(Front Side Semiconductor Layer)

[0058] The front side semiconductor layer 160 is provided
on the front surface 102 side of the substrate 100, and is
configured to function as a growth underlayer of a laminate
such as a light-emitting layer grown on the front side
semiconductor layer 160.

[0059] The front side semiconductor layer 160 comprises,
for example, a monocrystalline group III nitride semicon-
ductor, and has a linear expansion coefficient different, from
the linear expansion coefficient of the substrate 100. In this
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embodiment, for example, the front side semiconductor
layer 160 comprises monocrystalline GaN, and a surface
(upper surface) thereof is a (0001) plane (¢ plane). Further,
the linear expansion coefficient of the front side semicon-
ductor layer 160 in the a-axis direction (the direction along
the front surface 102 of the substrate 100) is smaller than the
linear expansion coefficient (7.00x107%/K) in the a-axis
direction of the sapphire substrate which is the substrate 100,
and is 5.59x1079/K.

[0060] The front side semiconductor layer 160 is provided
on the front surface 102 side of the substrate 100 interposing
the above-described buffer layer 140. Thereby, the front side
semiconductor layer 160 is formed as being monocrystal
line by epitaxial growth on the buffer layer 110.

[0061] Here, in the nitride semiconductor template when
only the front side semiconductor layer 160 is formed
without forming the back side semiconductor layer 120, as
described above, as the thickness of the front side semicon-
ductor layer 160 is increased, the internal stress is accumu-
lated in the front side semiconductor layer 160, and cracks
are sometimes generated depending on various situations.

[0062] In contrast, in this embodiment, as described
above, since the back side semiconductor layer 120 is
provided on the back surface 101 side of the substrate 100,
the thickness of the front side semiconductor layer 160 can
be increased (thickened) while suppressing warping and
cracks of the nitride semiconductor template 10. As a result,
dislocation density on the front surface of the front side
semiconductor layer 160 can be lowered. This is because
dislocation in the semiconductor layer is likely to occur at a
boundary where crystal nuclei as starting points of growth
are bonded to each other. Namely, the narrower a space
between crystal nuclei is, the higher the dislocation density
becomes. Meanwhile, the wider a space between crystal
nuclei is, the lower the dislocation density becomes. How-
ever, when the semiconductor layer is grown under a con-
dition that the space between crystal nuclei becomes wider,
the growth of the front side semiconductor layer 160 is
stopped before the crystal nuclei are sufficiently bonded (in
the middle of a three-dimensional growth of the crystal
nuclei) unless the semiconductor layer is grown to a prede-
termined thickness or more, and therefore there is a possi-
bility that the front surface of the front side semiconductor
layer 160 becomes rough. Therefore, in this embodiment, by
increasing the thickness of the front side semiconductor
layer 160, it is possible to adopt a condition that the space
between the crystal nuclei is widened. Then even when this
condition is adopted, the crystal nuclei can be securely
bonded to each other and the front surface of the front side
semiconductor layer 160 can be smoothed. As a result, the
dislocation density of the front side semiconductor layer 160
can be lowered. Further, even after the front surface of the
semiconductor layer is flattened, it is effective to grow the
semiconductor layer thicker further thereon, for further
reducing the dislocation density. This is because the follow-
ing process occurs at a certain rate. Even if the surface
during growth of the semiconductor layer is flat, the position
of the dislocation moves on the surface of semiconductor
layer like a random walk as the semiconductor layer grows.
Therefore, dislocations meet: each other, or a dislocation
loop is formed. As a result the dislocations that reach the
surface of the semiconductor layer are reduced. Also from
this viewpoint, the dislocation density of the front side
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semiconductor layer 160 can be lowered by increasing the
thickness of the it side semiconductor layer 160.

[0063] In this embodiment, the thickness of the front side
semiconductor layer 160 can be for example a thickness
exceeding a critical thickness at which cracks are generated
in the front side semiconductor layer 160, in a case that only
the front side semiconductor layer 160 is formed without
forming the back side semiconductor layer 120.

[0064] The above-described critical thickness is classified
into a first critical thickness, a second critical thickness, and
athird critical thickness in order from the smaller, depending
on a crack generation situation.

[0065] The first critical thickness is for example a thick-
ness at which cracks are generated in the front side semi-
conductor layer 160, when the nitride semiconductor tem-
plate is heated to the growth temperature of the group III
nitride semiconductor (for example, 1000° C. or more and
1100° C. or less), in a case that only the front side semi-
conductor layer 160 is formed without forming the back side
semiconductor layer 120. Specifically, the first critical thick-
ness is for example 10 nm.

[0066] The second critical thickness is for example a
thickness at which cracks are generated in the front side
semiconductor layer 160 after elapse of a predetermined
time (for example, 24 hours) from formation of the front side
semiconductor layer 160, in a case that only the front side
semiconductor layer 160 is formed without forming the back
side semiconductor layer 120. Specifically, the second criti-
cal thickness is, for example, 15 pm.

[0067] The third critical thickness is for example a thick-
ness at which cracks are generated in the front side semi-
conductor layer 160 immediately after formation of the front
side semiconductor layer 160, in a case that only the front
side semiconductor layer 160 is formed without: forming the
back side semiconductor layer 120. Specifically, the third
critical thickness is, for example, 20 pm.

[0068] Here, the thickness of the front side semiconductor
layer 160 is, for example, a thickness exceeding the above-
described third critical thickness, that is, more than 20 pm.
If the thickness of the front side semiconductor layer 160 is
20 um or less, it is impossible to adopt the condition that the
space between the crystal nuclei becomes wide when form-
ing the front side semiconductor layer 160, and there is a
possibility that the dislocation density of the front side
semiconductor layer 160 cannot be sufficiently lowered. In
contrast, by making the thickness of the front side semicon-
ductor layer 160 more than 20 pm, it is possible to adopt a
condition that the space between the crystal nuclei becomes
wider when forming the front side semiconductor layer 160,
and further it is possible to fully utilize a process in which
the dislocation is lowered due to growth after the front
surface of the front side semiconductor layer 160 is flat-
tened. As a result, the dislocation density of the front side
semiconductor layer 160 can be 5x107 cm™2 or less. Further,
the thickness of the front side semiconductor layer 160 is
more preferably 50 pum or more, for example. Thereby, the
dislocation density of the front side semiconductor layer 160
can be less than 1x10” cm™2. Note that an upper limit value
of the thickness of the front side semiconductor layer 160 is
set according to the thickness of the back side semiconduc-
tor layer 120, but from a viewpoint, of suppressing an
excessive increase in the material for forming the front side
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semiconductor layer 160, the thickness of the front side
semiconductor layer 160 is preferably, for example, 180 um
or less.

[0069] By making the thickness of the front side semicon-
ductor layer 160 exceed the above-described third critical
thickness, as described above, the dislocation density (aver-
age dislocation density) on the front surface of the front side
semiconductor layer 160 is, for example, 5x107 cm™ or less,
preferably less than 1x107 ecm™. Namely, in the nitride
semiconductor template 10 using a substrate 100 such as the
sapphire substrate, it is possible to realize a low dislocation
density equivalent to that of a free-standing substrate com-
prising only the group III nitride semiconductor. By using
the front side semiconductor layer 160 having such a low
dislocation density as a growth underlayer, semiconductor
layer with good crystallinity can be grown on the front side
semiconductor layer 160. The lower the dislocation density
on the front surface of the front side semiconductor layer
160 is, the better it is, so a lower limit value thereof is not
limited. However, if considering the upper limit value (180
um) of the thickness of the front side semiconductor layer
160, the lower limit value of the dislocation density on the
front surface of the front side semiconductor layer 160 is, for
example, about the dislocation density when the thickness of
the front side semiconductor layer 160 is the upper limit
value, that is, it is about a front half of 10® cm™2.

[0070] The surface roughness (RMS) on the front surface
of the front side semiconductor layer 160 is, for example, 2
nm or less in as-grown state (a state in which no polishing
or the like is performed) of the front side semiconductor
layer 160. Note that “RMS” as used herein means RMS
when measuring a 20 pm square area by AFM in the same
manner as described above. In this embodiment, as
described later, the front side semiconductor layer 160 is
formed after forming the back side semiconductor layer 120.
Therefore, the front side semiconductor layer 160 is not
damaged by thermal etching or the like, and the surface
roughness of the front side semiconductor layer 160 can be
kept small like the above value. Thereby, the semiconductor
layer with good crystallinity can be grown on the front side
semiconductor layer 160, by using the front side semicon-
ductor layer 160 having a low surface roughness as a growth
underlayer. The lower the surface roughness RMS on the
front surface of the front side semiconductor layer 160 is, the
better it is, so a lower limit value thereof is not limited.
However, the surface roughness RIMS on the front surface
of' the front side semiconductor layer 160 is typically 0.2 nm
or more, from a viewpoint that it is difficult to make the
surface roughness on the front surface of the front side
semiconductor layer 160 less than the surface roughness on
the front surface 102 of the substrate 100.

[0071] The warping amount of the nitride semiconductor
template 10 having the above-described configuration, is for
example, within +200 um at room temperature (25° C.),
more preferably within 100 pm. The “warping amount of
the nitride semiconductor template 10” called here, is
defined as a difference between a local maximum value and
a local minimum value of a height of the nitride semicon-
ductor template 10, and for example, is defined as a differ-
ence between a height of the center portion and a height of
the peripheral edge portion of the nitride semiconductor
template 10. Further, a positive warping means a case that
the front surface 102 side of the substrate 100 is convex, and
a minus warping means a case that the front surface 102 side
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of the substrate 100 is concave. By reducing the warping
amount of the nitride semiconductor template 10 in this way,
occurrence of the focal deviation can be suppressed when
photolithography is performed in a manufacturing process of
a semiconductor device such as a light-emitting device using
the nitride semiconductor template 10.

[0072] Further, the warping amount of the nitride semi-
conductor template 10 is, for example, within £200 um, and
more preferably within £100 um, over a range of at least at
room temperature (25° C.) or higher and growth temperature
of the front side semiconductor layer 160 (for example,
1000° C.) or lower. Thereby, even when the semiconductor
layer is grown on the front side semiconductor layer 160
using the front side semiconductor layer 160 as a growth
underlayer, warping of the nitride semiconductor template
10 can be suppressed. For example, when manufacturing the
light-emitting device, the light-emitting layer is sometimes
formed at a temperature (for example, 700° C.) lower than
the growth temperature of the front side semiconductor layer
160. In this case, the light-emitting layer is formed at, a
temperature lower than the growth temperature of the front
side semiconductor layer 160, and the internal stress is
sometimes generated in the front side semiconductor layer
160. However, even in a case that the light-emitting layer is
formed at a temperature lower than the growth temperature
of'the front side semiconductor layer 160, the warping of the
nitride semiconductor template 10 can be suppressed to a
small range, by canceling the internal stress of the front side
semiconductor layer 160 by the internal stress of the back
side semiconductor layer 120. As a result, it is possible to
stably form the light-emitting layer.

(2) Method for Manufacturing a Nitride Semiconductor
Template

[0073] Next, a method for manufacturing a nitride semi-
conductor template according to this embodiment will be
described with reference to FIGS. 1 to 4. FIG. 2 is a
schematic configuration view showing a nitride semicon-
ductor template manufacturing device, FIG. 3A is a cross-
sectional view showing a placement state of a substrate
according to a comparative example, FIG. 3B and FIG. 3C
are cross-sectional views showing a placement state of the
substrate in step 2. FIG. 4A is a cross-cross-sectional view
showing a state of a substrate when forming a back side
semiconductor layer at a predetermined growth temperature
in step 2, FIG. 4B is a cross-sectional view showing a state
of the substrate when a substrate temperature is lowered to
room temperature after forming the back side semiconductor
layer in step 2. FIG. 5A is a cross-sectional view showing a
placement state of the substrate in step 3, and FIG. 5B is a
cross-sectional view showing a nitride semiconductor tem-
plate according to a modified example 1 of an embodiment
of the present invention.

[0074] In this embodiment, explanation will be given for
an example of manufacturing the nitride semiconductor
template 10 by executing step 1 to step 3 shown below.

(Step 1: Substrate Preparing Step)

[0075] First, a substrate 100 is prepared. Specifically, for
example, a sapphire substrate having a front surface 102,
which is (0001) plane, is prepared as the substrate 100.
Further, the front surface 102 of the substrate 100 is a mirror
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surface and the back surface 101 of the substrate 100 is a
rough surface having random irregularities.

(Step 2: Back Side Semiconductor Layer Forming Step)

[0076] Next, in step 2, for example, a back side semicon-
ductor layer 120 comprises a polycrystalline group III
nitride semiconductor is formed, by using a hydride vapor
phase epitaxy device (HVPE apparatus) 200 as a nitride
semiconductor template manufacturing device shown in
FIG. 2, and by supplying a predetermined film forming gas
to the back surface 101 side of the substrate 100. The term
“film forming gas” called here means a source gas for
growing the group III nitride semiconductor, including
hydrogen chloride (HCI) gas as a reaction gas for producing
a group III source gas, ammonia (NH,) gas, and carrier gases
such as hydrogen (H,) gas and nitrogen (N,) gas.

[0077] The HVPE apparatus 200 is made of a heat-
resistant material such as quartz, and includes an airtight
container 203 in which a film formation chamber 201 is
formed. In the film formation chamber 201, a susceptor 208
for holding the substrate 100 is provided. The susceptor 208
has a pocket 208p for housing the substrate 100 with a main
surface of the substrate 100 facing upward. The susceptor
208 is connected to a rotating shaft 215 of a rotating
mechanism 216, and is configured to be able to rotate the
substrate 100 placed on the susceptor 208 in a circumfer-
ential direction (a direction along the main surface) while
keeping the substrate 100 upward by a gear provided on the
back surface of the susceptor 208. A gas supply pipe 232a
for supplying HCI gas into the film formation chamber 201,
a gas supply pipe 2325 for supplying HCI gas into the film
formation chamber 201, a gas supply pipe 232¢ for supply-
ing NH; gas into the film formation chamber 201, and a gas
supply pipe 2324 for supplying H, gas and nitrogen (N,) gas
into the film formation chamber 201, are connected to one
end of the airtight container 203. Flow rate controllers 241a
to 241d, and valves 243a to 243d, are respectively provided
on the gas supply pipes 232a to 232d, sequentially from an
upstream side. A gas generator 233a is provided on a
downstream of the gas supply pipe 232a, for containing a
gallium (Ga) melt as a raw material. A nozzle 249a is
connected to the gas generator 233a, for supplying gallium
chloride (GaCl) gas as a film forming gas generated by the
reaction of the HC1 gas and the Ga melt, toward the substrate
100 or the like held on the susceptor 208. Further, a gas
generator 2335 is provided on a downstream of the gas
supply pipe 2325, for containing solid aluminum (Al) as a
raw material. A nozzle 2495 is connected to the gas gen-
erator 2335, for supplying aluminum chloride (AICl,) gas as
a film forming gas generated by a reaction of HCI gas and
toward the substrate 100 or the like held on the susceptor
208. Nozzles 249¢ and 249d are connected to the down-
stream side of the gas supply pipes 232¢ and 232d, for
supplying the film forming gas supplied from these gas
supply pipes toward the substrate 100 or the like held on the
susceptor 208. The nozzles 249a to 2494 are arranged to
flow the film forming gas in a direction crossing the main
surface of the substrate 100 (oblique direction with respect
to the main surface). Meanwhile, an exhaust pipe 230 is
provided at the other end of the airtight container 203, for
exhausting inside of the film formation chamber 201. A
pump 231 for a blower) is provided in the exhaust, pipe 230.
A 7one heater 207 is provided on an outer peripheral edge of
the airtight container 203, for heating the inside of the gas
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generators 233a and 235 and the substrate 100 and the like
held on the susceptor 208, to a desired temperature, and a
temperature sensor 209 is provided in the airtight container
203, for measuring a temperature in the film formation
chamber 201, respectively. Note that the vicinity of the gas
generator 2335 of the zone heater 207 is maintained at a
temperature of 400 to 600° C., thereby generating AICI; gas
by a reaction between the HCI gas and Al. Further, the
vicinity of the gas generator 233a of the zone heater 207 is
maintained at a temperature of 800 to 900° C., thereby
generating GaCl gas by a reaction between the HCI gas and
Ga melt. Further, the vicinity of the susceptor 208 of the
zone heater 207 is maintained at a temperature suitable for
growth described later. Each member of the HVPE apparatus
200 is connected to a controller 280 configured as a com-
puter, so that a program executed on the controller 280
controls a processing procedure and a processing condition
described later.

[0078] Step 2 can be performed by using the above-
described HVPE apparatus 200, for example, by the follow-
ing processing procedure.

[0079] In step 2, first, the substrate 100 is placed on the
susceptor 208 in a state in which the front surface 102 side
of the substrate 100 is protected.

[0080] Here, as in a comparative example shown in FIG.
3A, in the case that the substrate 100 is placed on the
susceptor 208, so that, the front surface 102 side of the
substrate 100 is in contact with a surface of the susceptor
208 (a bottom surface of the pocket 208p of the susceptor
208), there is a possibility that damage occurs on the front
surface 102 of the substrate 100. When the damage occurs
on the front surface 102 of the substrate 100, there is a
possibility that defect occurs on the front side semiconductor
layer 160, when the front side semiconductor layer 160 is
grown on the front surface 102 side of the substrate 100 in
step 3 described later.

[0081] Therefore, in this embodiment, as shown in FIG.
3B, for example, the substrate 100 is placed on the susceptor
208 so that the front surface 102 side of the substrate 100
faces the surface of the susceptor 208 (the bottom surface of
the pocket 208p of the susceptor 208), while interposing a
ring-like spacer 310 between the front surface 102 of the
substrate 100 and the susceptor 208 so as to surround the
peripheral edge of the front surface 102 of the substrate 100.
Thereby, a gap 3104 can be formed between the front surface
102 of' the substrate 100 and the bottom surface of the pocket
208p of the susceptor 208. As a result, it is possible to
prevent the front surface 102 of the substrate 100 from
coming into contact with the susceptor 208, and the damage
to the front surface 102 of the substrate 100 can be sup-
pressed. Further, by providing the ring-like spacer 310 so as
to surround the peripheral edge of the front surface 102 of
the substrate 100, it is possible to prevent the film forming
gas from being supplied to the front surface 102 of the
substrate 100, and formation of the group III nitride semi-
conductor on the front surface 102 side of the substrate 100
in step 2 can be suppressed. In this way, the front surface 102
of the substrate 100 can be protected by the ring-like spacer
310. In this case, it is preferable that the ring-like spacer 310
has an outer diameter substantially equal to the outer diam-
eter of the substrate 100, and an inner diameter smaller by
1 to 10 mm than the outer diameter of the substrate 100.
Namely, a width of the ring-like spacer 310 in a radial
direction of the substrate 100 is preferably about 0.5 to 5.0



US 2020/0127163 Al

mm. Further, a height (thickness) of the ring-like spacer 310
is preferably about 0.5 to 2 mm. A depth of the pocket 208p
of the susceptor 208 is preferably such that the substrate 100
does not protrude from the upper surface of the susceptor
208, in a state that the ring-like spacer 310 is interposed
between the front surface 102 of the substrate 100 and the
susceptor 208. Namely, liar example, the depth of the pocket
208p is preferably equal to or more than the sum of the
height of the ring-like spacer 310 and the thickness of the
substrate 100.

[0082] Alternatively, in this embodiment, as shown in
FIG. 3C, for example, a plate-like spacer 320 having a
spacer bottom portion 32056 and a spacer protruding portion
320p may be used. The spacer bottom portion 3205 is
formed in a plate shape. Further, the spacer protruding
portion 320p protrudes from the spacer bottom 3205 so as to
surround the peripheral edge of the front surface 102 of the
substrate 100. In this case, the spacer protruding portion
320p is brought into contact with the peripheral edge of the
front surface 102 of the substrate 100 so that the front
surface 102 side of the substrate 100 faces the spacer bottom
portion 3206. Then, the substrate 100 is placed on the
susceptor 208, while interposing the plate-like spacer 320
between the front surface 102 of the substrate 100 and the
susceptor 208. Thereby a gap 320a can be formed between
the front surface 102 of the substrate 100 and the spacer
bottom portion 3205. As a result, the front surface 102 of the
substrate 100 can be protected by the plate-like spacer 320
in the same way as the ring-like spacer 310. Further, dirt
(particles or the like) is sometimes generated in the pocket
208p of the susceptor 208, and therefore in such a case, by
using the plate-like spacer 320, the dirt in the pocket 208p
can be blocked with the spacer bottom portion 3205. As a
result, it is possible to suppress the dirt, from adhering to the
front surface 102 of the substrate 100. In this case, as in the
ring-like spacer 310, the plate-like spacer 320 has an outer
diameter substantially equal to the outer diameter of the
substrate 100, and the width of the plate-like spacer 320 in
the radial direction of the substrate 100 is about 0.5 to 5.0
mm. The height (thickness) of the plate-like spacer 320 is
preferably about 0.5 to 2 mm. Note that the depth of the
pocket 208p of the susceptor 208 is preferably, for example,
equal to or more than the sum of the height of the plate-like
spacer 320 and the thickness of the substrate 100.

[0083] Further, the Ga melt is contained in the gas gen-
erator 233a as a raw material. Note that in step 2, the gas
generator 23354 is not used. Then, H, gas (or mixed gas of H,
gas and N, gas) is supplied into the film formation chamber
201 from the gas supply pipe 232d, while rotating the
susceptor and performing heating and exhausting in the film
formation chamber 201. Then, gas supply is performed from
the gas supply pipes 232a and 232¢ when the temperature
inside of the film formation chamber 201 reaches a desired
growth temperature, the pressure in the film formation
chamber 201 reaches a growth pressure, and the atmosphere
in the film formation chamber 201 reaches a desired atmo-
sphere, and thereby GaCl gas and NH; gas are supplied as
film forming gas in a direction crossing the back surface 101
of the substrate 100.

[0084] Thereby as shown in FIG. 4A, the back side
semiconductor layer 120 comprises GaN is formed on the
back surface 101 side of the substrate 100. At this time, the
back side semiconductor layer 120 is formed on the rough-
ened back surface 101 of the substrate 100 without inter-
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posing the buffer layer, and therefore the back side semi-
conductor layer 120 becomes polycrystalline. At this time, at
the growth temperature of the back side semiconductor layer
120, the back side semiconductor layer 120 is formed in a
state in which little stress is applied to the back surface 101
side of the substrate 100, and therefore the substrate 100
does not warp and is in a substantially flat state.

[0085] At this time, for example, the growth temperature
of the back side semiconductor layer 120 in step 2 is
previously made equal to the growth temperature of the front
side semiconductor layer 160 in step 3 described later. Note
that here, “to make the growth temperature of the back side
semiconductor layer 120 equal to the growth temperature of
the front, side semiconductor layer 160”, includes not only
a case that the respective growth temperatures are com-
pletely matched but also a case that slight error occurs in
these growth temperatures. However, in this embodiment,
even when the error occurs in each growth temperature, it is
desirable to set the error within +5%, prelera)ly within 1%,
for example. Here, the growth temperature of the hack side
semiconductor layer 120 in step 2 is, for example, 900° C.
or more and 1200° C. or less, preferably 1000° C. or more
and 1100° C. or less.

[0086] Further, at this time, the thickness of the hack side
semiconductor layer 120 is previously set such that the
internal stress of the back side semiconductor layer 120 and
the internal stress of the front side semiconductor layer 160
are balanced, depending on the thickness of the front side
semiconductor layer 160 to be formed in step 3 described
later. Specifically, the thickness of the back side semicon-
ductor layer 120 is set to be, for example, more than 20 pm,
preferably equal to or more than 50 pum.

[0087] When the growth of the back side semiconductor
layer 120 having a predetermined thickness is completed,
supply of HCl gas and 112 gas into the film formation
chamber 201, and heating by the heater 207 are stopped,
with NH; gas and N, gas supplied into the film formation
chamber 201 and the inside of the film formation chamber
201 exhausted. Then, when the temperature in the film
formation chamber 201 reaches 500° C. or less, the supply
of NH; gas is stopped, and thereafter the atmosphere in the
film formation chamber 201 is replaced with N, gas to
restore the atmospheric pressure, and the temperature of the
film formation chamber 201 is lowered to a temperature at
which the substrate 100 can be unloaded, and then the
substrate 100 is unloaded from the film formation chamber
201.

[0088] At this time, as shown in FIG 4B, when the
temperature of the substrate 100 is lowered from the growth
temperature (for example, 1050° C.) of the back side semi-
conductor layer 120 to a room temperature (25° C.), the
substrate 100 shrinks more than the back side semiconductor
layer 120, due to the fact that the linear expansion coeflicient
of the sapphire substrate which is the substrate 100 is larger
than the linear expansion coefficient of polycrystalline GaN.
As a result,, the substrate 100 is warped so that the front
surface 102 side is concave (so that the back side semicon-
ductor layer 120 side is convex). However, even if the
substrate 100 is warped, the internal stress generated in the
back side semiconductor layer 120 can be isotropically
dispersed, and generation of cracks in the back side semi-
conductor layer 120 and the substrate 100 can be suppressed,
by making the back side semiconductor layer 120 polycrys-
talline.
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(Step 3: Buffer Layer and Front Side Semiconductor Layer
Forming Step)

[0089] Next, in step 3, a buffer layer 140, and a front side
semiconductor layer 160 comprises a monocrystalline group
1T nitride semiconductor are formed, by supplying a prede-
termined film forming gas to the front surface 102 side of the
substrate 100, using the same HVPE apparatus 200 as in step
2. Step 3 can be performed by the following processing
procedure, for example.

[0090] In Step 3, first, as shown in FIG. 5A, the substrate
100 is directly placed on the susceptor 208, so that the back
surface 101 side (the back side semiconductor layer 120
side) of the substrate 100 faces the surface of the susceptor
208 (the bottom surface of the pocket 208p of the susceptor
208), without using the ring-like spacer 310 or the like as
described above. Further, the Ga melt is contained in the gas
generator 233a as a raw material, and a solid Al is contained
in the gas generator 2335 as a raw material. Then, H, gas (or
a mixed gas of H, gas and N, gas) is supplied from the gas
supply pipe 2324 into the film formation chamber 201, while
rotating the susceptor 208 and performing heating and
exhausting of the film formation chamber 201.

[0091] When the temperature inside of the film formation
chamber 201 reaches a desired growth temperature (for
example, 1000° C. or more and 1100° C. or less) and the
pressure in the film formation chamber 201 reaches the
growth pressure and the atmosphere in the film formation
chamber 201 reaches a desired atmosphere, gas supply is
performed from the gas supply pipes 2326 and 232c¢, and
AICI; gas and NH, gas are supplied as film forming gases in
a direction crossing the front surface 102 of the substrate
100. Thereby, the buffer layer 140 comprising AIN is formed
on the front surface 102 side of the substrate 100. At this
time, the thickness of the buffer layer 140 is, for example, 10
nm or more and 400 nm or less. When the growth of the
buffer layer 140 having a predetermined thickness is com-
pleted, the supply of the HCI gas into the film formation
chamber 201 is stopped. Meanwhile, the supply of the NH;
gas is continued after completion of growth of a later-
described front side semiconductor layer 160, until the
temperature inside of the film formation chamber 201
becomes 500° C. or less. However, at this time, heating in
the film formation chamber 201 by the heater 207, and
exhausting of the film formation chamber 201 by the pump
231 are continued.

[0092] Next, the temperature in the film formation cham-
ber 201 is changed to a desired growth temperature of the
front side semiconductor layer 160. When the growth tem-
perature of the buffer layer 140 is equal to the growth
temperature of the front side semiconductor layer 160, the
growth of the following front: side semiconductor layer 160
may be started without changing the temperature in the film
formation chamber 201. Then, when the temperature inside
of the film formation chamber 201 reaches a desired growth
temperature (for example, 1000° C. or more and 1100° C. or
less) and the pressure in the film formation chamber 201
reaches the growth pressure and the atmosphere in the film
formation chamber 201 reaches a desired atmosphere, gas
supply is performed from the gas supply pipes 2324 and
232c¢, and GaCl gas is supplied as a film forming gas in a
direction crossing the front surface 102 of the substrate 100.
[0093] Thereby, as shown in FIG. 5B, the front side
semiconductor layer 160 comprising GaN is formed on the
front surface 102 side of the substrate 100. At this time, the
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front side semiconductor layer 160 is formed on the front
surface 102 of the substrate 100 interposing the buffer layer
140, and therefore the front side semiconductor layer 160
becomes monocrystalline by epitaxial growth on the buffer
layer 140.

[0094] As described above, in step 2, the growth tempera-
ture of the back side semiconductor layer 120 is previously
set equal to the growth temperature of the front side semi-
conductor layer 160 in step 3. Therefore, in step 3, when the
temperature of the substrate 100 is raised to the growth
temperature of the front side semiconductor layer 160, the
state of the substrate 100 and the back side semiconductor
layer 120 becomes equal to the state (FIG. 4A) in which the
substrate 100 in step 2 is heated to the growth temperature
of the back side semiconductor layer 120, and the substrate
100 does not warp and becomes substantially flat (FIG. 5A).
Accordingly, in step 3, the front side semiconductor layer
160 is formed on the front surface 102 side of the substrate
100 in a state in which the substrate 100 is substantially flat
(FIG. 5B).

[0095] At this time, for example, the thickness of the front
side semiconductor layer 160 is a thickness exceeding the
critical thickness at which cracks are generated in the front
side semiconductor layer 160, in a case that only the front
side semiconductor layer 160 is formed without forming the
back side semiconductor layer 120 (in a case that step 2 is
not performed).

[0096] As described above, the above-described critical
thickness is classified into a first critical thickness, a second
critical thickness, and a third critical thickness in order from
the smaller, depending on the generation of cracks. The first
critical thickness is for example a thickness at which cracks
are generated in the front side semiconductor layer 160,
when the nitride semiconductor template is heated to the
growth temperature of the group 111 nitride semiconductor in
a case of not performing the step 2. The second critical
thickness is for example a thickness at which cracks are
generated in the front side semiconductor layer 160 after
elapse of a predetermined time from formation of the front
side semiconductor layer 160 in a case of not performing the
step 2. Further, the third critical thickness is for example a
thickness at which cracks are generated in the front side
semiconductor layer, immediately after formation of the
front side semiconductor layer 160 in a case of not perform-
ing the step 2.

[0097] Here, the thickness of the front side semiconductor
layer 160 is, for example, a thickness exceeding the above-
described third critical thickness, that is, it is more than 20
um, preferably 50 um or more.

[0098] When the growth of the front side semiconductor
layer 160 having a predetermined thickness is completed,
supply of HCl gas and H, gas into the film formation
chamber 201, and heating by the heater 207 are stopped,
while supplying the NH; gas and the N, gas into the film
formation chamber 201, and exhausting the inside of the film
formation chamber 201. Then, when the temperature in the
film formation chamber 201 reaches 500° C. or less, supply
of NH; gas is stopped, and thereafter, the atmosphere in the
film formation chamber 201 is replaced with N, gas to return
to the atmospheric pressure, and the temperature of the film
formation chamber 201 is lowered to a temperature at which
the substrate 100 can be unloaded, and then is unloaded from
the film formation chamber 201.
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[0099] As described above, in step 2, the thickness of the
back side semiconductor layer 120 is previously set such
that the internal stress of the back side semiconductor layer
120 and the internal stress of the front side semiconductor
layer 160 are balanced, in consideration of the thickness of
the front side semiconductor layer 160. Therefore, in step 3,
even if the temperature of the substrate 100 is lowered from
the growth temperature of the back side semiconductor layer
120 to a room temperature after forming the front side
semiconductor layer 160 on the front surface 102 side of the
substrate 100, the internal stress generated in the back side
semiconductor layer 120 and the internal stress generated in
the front side semiconductor layer 160 are canceled, and the
warping of the substrate 100 (the nitride semiconductor
template 10) is reduced.

[0100] As described above, the nitride semiconductor tem-

plate 10 of this embodiment shown in FIG. 1 is manufac-

tured. The nitride semiconductor template 10 manufactured
in this way, is for example used for manufacturing a semi-
conductor device such as a light-emitting device.

[0101] When manufacturing a semiconductor device such

as a light-emitting device using the nitride semiconductor

template 10 of this embodiment, there are cases that the
thickness of the semiconductor device is decreased, by
removing the back side semiconductor layer 120 and a part
of the substrate 100 by polishing or the like. In this case, by
removing the back side semiconductor layer 120, the inter-
nal stress of the back side semiconductor layer 120 and the

internal stress of the front side semiconductor layer 160

cannot be balanced, and there is a possibility that the

semiconductor device is warped. Therefore, when the back

side semiconductor layer 120 and a part of the substrate 100

are scraped off by polishing or the like, it is preferable to

decrease the thickness of the semiconductor device in a state
in which the front surface 102 side (the front side semicon-

ductor layer 160 side) of the substrate 100 is attached to a

predetermined supporting substrate. Thereby, even if the

back side semiconductor layer 120 is removed, occurrence
of warping of the semiconductor device can be suppressed.

(3) Effects Obtained by this Embodiment

[0102] According to this embodiment, one or more of the

following effects can be obtained.

[0103] (a) In the nitride semiconductor template 10 of this
embodiment, the front side semiconductor layer 160
comprises a monocrystalline group III nitride semicon-
ductor is provided on the front surface 102 side of the
substrate 100, and meanwhile the back side semiconduc-
tor layer 120 comprising a polycrystalline group III
nitride semiconductor is provided on the back surface 101
side of the substrate 100. Thereby, when the temperature
of the nitride semiconductor template 10 is changed from
the growth temperature of the front side semiconductor
layer 160, the internal stress generated in the front side
semiconductor layer 160 can be canceled by the internal
stress generated in the back side semiconductor layer 120.
As aresult, it is possible to reduce the warp of the nitride
semiconductor template 10 and suppress the generation of
cracks in the nitride semiconductor template 10. Accord-
ingly, it is possible to improve the yield in manufacturing
the nitride semiconductor template 10.

[0104] (b) Since the back side semiconductor layer 120
comprises a polycrystalline group III nitride semiconduc-
tor, a crystal orientation in the back side semiconductor
layer 120 is random, that is, a cleavage direction is
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random. Thereby; generation of cracks in a specific cleav-
age direction in the back side semiconductor layer 120
can be suppressed. Further, even if the internal stress
occurs in the back side semiconductor layer 120, the
internal stress can be isotropically dispersed. As a result,
even if the back side semiconductor layer 120 is formed
thicker than the front side semiconductor layer 160, the
back side semiconductor layer 120 can be hardly broken.

[0105] (c) Since the back side semiconductor layer 120
can be formed thick, it is possible to increase the thickness
of the front side semiconductor layer 160 while suppress-
ing warping and cracking of the nitride semiconductor
template 10.

[0106] For example, the thickness of the front side semi-
conductor layer 160 can be the thickness exceeding the first
critical thickness at which cracks are generated in the front
side semiconductor layer 160, when the nitride semiconduc-
tor template in a case of forming only the front side
semiconductor layer 160 without forming the back side
semiconductor layer 120, is heated to the growth tempera-
ture of the group III nitride semiconductor. Even if the
thickness of the front side semiconductor layer 160 is more
than the first critical thickness, due to formation of the back
side semiconductor layer 120 as described above, it is
possible to suppress the generation of cracks in the front side
semiconductor layer 160 when the nitride semiconductor
template 10 is heated to the growth temperature of the group
IIT nitride semiconductor. As a result, for example, it is
possible to stably grow a laminate such as a light emitting
layer on the nitride semiconductor template 10 by heating
the nitride semiconductor template 10 to a desired growth
temperature of the group III nitride semiconductor.

[0107] Alternatively, for example, the thickness of the
front side semiconductor layer 160 can be the thickness
exceeding the second critical thickness at which cracks are
generated in the front side semiconductor layer 160 after
elapse of a predetermined time from the formation of the
front side semiconductor layer 160, in a case that only the
front side semiconductor layer 160 is formed without form-
ing the back side semiconductor layer 120. Even if the
thickness of the front side semiconductor layer 160 is more
than the second critical thickness, due to formation of the
back side semiconductor layer 120 as described above, it is
possible to suppress the generation of cracks in the front side
semiconductor layer 160 after elapse of a predetermined
time from formation of the front side semiconductor layer
160. As a result, the nitride semiconductor template 10 can
be stored over a long period of time without generating
cracks or can be distributed stably to the market.

[0108] Alternatively, the thickness of the front side semi-
conductor layer 160 can be, for example, the thickness
exceeding the third critical thickness at which cracks are
generated in the front side semiconductor layer 160 imme-
diately after formation of the front side semiconductor layer
160, in a case that only the front side semiconductor layer
160 is formed without forming the back side semiconductor
layer 120. Even if the thickness of the front side semicon-
ductor layer 160 is more than the third critical thickness, due
to formation of the back side semiconductor layer 120 as
described above, it is possible to suppress the generation of
cracks in the front side semiconductor layer 160 immedi-
ately after formation of the front side semiconductor layer
160.
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[0109] Thus, it is possible to obtain the front side semi-
conductor layer 160 with high yield, the front side semi-
conductor layer 160 having such a thickness as to be
impossible with the conventional nitride semiconductor
template in which only the front side semiconductor layer
160 is formed without forming the back side semiconductor
layer 120. As a result the dislocation density of the front side
semiconductor layer 160 can be lowered.

[0110] (d) Since the back side semiconductor layer 120
comprises the polycrystalline group III nitride semicon-
ductor, light absorption due to crystal defects can be high
and transmittance of light from the visible region to the
infrared region can be low, in the back side semiconductor
layer 120. Thereby, the visibility of the nitride semicon-
ductor template 10 can be improved. As a result, in the
manufacturing step of the nitride semiconductor template
10 and the manufacturing step of the semiconductor
device using the nitride semiconductor template 10, gen-
eration of handling error of the nitride semiconductor
template 10 can be suppressed, and further it is easy to
recognize an image of the nitride semiconductor template
10 when the manufacturing step is automated. Further,
since the transmittance of the back side semiconductor
layer 120 can be low, the heat absorption rate of the nitride
semiconductor template 10 can be improved. As a result,
the rate of temperature rise of the nitride semiconductor
template 10 (substrate 100) can be improved, and the
growth time of the front side semiconductor layer 160 and
the growth time of the semiconductor layer grown on the
nitride semiconductor template 10 can be shortened.

[0111] (e) Since the thickness of the back side semicon-
ductor layer 120 is 50 um or more, the visibility and heat
absorption rate of the nitride semiconductor template 10
can be more reliably improved. As a result, it is possible
to more reliably improve the yield and productivity in the
manufacturing step of the nitride semiconductor template
and the manufacturing step of the semiconductor device
using the nitride semiconductor template 10.

[0112] () Since the thickness of the front side semicon-
ductor layer 160 is increased, the dislocation density on
the front surface side of the front side semiconductor layer
160 can be 5x107 cm™2 or less, preferably to 1x107 cm™
or less. Thus, in the nitride semiconductor template, 10
using the substrate, 100 such as a sapphire substrate, it is
possible to realize a low dislocation density (10° cm™)
equivalent to that of a free-standing substrate composed
only of the group III nitride semiconductor. Further, since
the front side semiconductor layer 160 having such a low
dislocation density is used as the growth underlayer, the
semiconductor layer with good crystallinity can be grown
on the front side semiconductor layer 160. As a result,
since a low-cost substrate 100 such as a sapphire substrate
is used, it is possible to manufacture a high-quality
semiconductor device while reducing the manufacturing
cost as compared with the free-standing substrate. For
example, by using the nitride semiconductor template 10
of this embodiment, a highly efficient light-emitting
device or the like can be manufactured at low cost.

[0113] (g) In this embodiment, after forming the back side
semiconductor layer 120 on the back surface 101 side of
the substrate 100 in step 2, the front side semiconductor
layer 160 is formed on the front surface 102 side of the
substrate 100 in step 3. At this time, since the back side
semiconductor layer 120 is polycrystalline, even if the
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back side semiconductor layer 120 is formed thicker
before forming the front side semiconductor layer 160, it
is possible to make the back side semiconductor layer 120
hard to break. Further, since the front side semiconductor
layer 160 is formed after forming the back side semicon-
ductor layer 120, it is possible to prevent the front side
semiconductor layer 160 from being damaged by thermal
etching or the like. Thereby, a high-quality nitride semi-
conductor template 10 can be obtained with high yield.

[0114] (h) Since the damage of the front side semiconduc-
tor layer 160 such as thermal etching is suppressed, the
surface roughness on the front surface of the front side
semiconductor layer 160 can be kept small. Specifically,
for example, :RMS on the surface of the front side
semiconductor layer 160 can be 2 nm or less in as-grown
state of the front side semiconductor layer 160. Thereby,
the step of polishing the front side semiconductor layer
160 after forming the front side semiconductor layer 160
can be omitted. As a result, it is possible to reduce the
manufacturing cost of the nitride semiconductor template
10. Further, since the front side semiconductor layer 160
having a small surface roughness is used as the growth
underlayer, the semiconductor layer with good crystallin-
ity can be grown on the front side semiconductor layer
160. As a result, by using the nitride semiconductor
template 10, a high-quality semiconductor device can be
manufactured.

[0115] (i) Since the internal stress of the front side semi-
conductor layer 160 is canceled by the internal stress of
the hack side semiconductor layer 120 as described
above, the warping amount of the nitride semiconductor
template 10 can be within +200 pm at room temperature
(25° C.). Thereby, it is possible to suppress the occurrence
of the focal deviation in photolithography in the manu-
facturing step of the semiconductor device such as the
light emitting device using the nitride semiconductor
template 10. As a result, it is possible to suppress pattern
defects in the semiconductor device and to improve the
yield in the manufacturing step of the semiconductor
device.

(4) Modified Example of this Embodiment
[0116] The configuration of the nitride semiconductor
template 10 of this embodiment is not limited to the con-
figuration of the above-described embodiment, and can be
changed as in the following modified example. Hereinafter,
only the elements different from those in the above-de-
scribed embodiment will be described, and elements that are
substantially the same as the elements described in the above
embodiment will be denoted by the same reference numerals
and description thereof will be omitted.

MODIFIED EXAMPLE 1

[0117] FIG. 6 is a cross-sectional view showing a nitride
semiconductor template according to a modified example 1
of an embodiment of the present invention. The substrate
103 may be configured as a so-called PSS (Patterned Sap-
phire Substrate) substrate like the nitride semiconductor
template 12 of the modified example 1 shown in FIG. 6
(namely, instead of the substrate 100 of the above-described
embodiment, the substrate 103 which is a PSS substrate may
be used). Specifically, the front surface 105 of the substrate
103 has a plurality of protrusions 115 provided periodically
two dimensionally (in plan view). The plurality of protru-
sions 115 are arranged, for example, at equal intervals, each
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being arranged in a lattice pattern such as a triangular lattice
shape, a square lattice shape or the like when a surface 105
is viewed in a plan view. Each protrusion 115 is, for
example, conical, polyangular pyramidal, hemispherical, or
the like. For example, a height of each protrusion 115 (the
height from a flat portion of the surface 105 to a top portion
of the protrusion 115) is 0.3 um or more and 3 pm or less,
and a width of a bottom portion of the protrusion 115 is 0.2
um or more and 4 um or less, and a pitch between adjacent
protrusions 115 is 0.4 pm or more and 6 um or less.
[0118] Note that the back surface 104 of the substrate 103
is, for example, a rough surface having random irregulari-
ties. RMS on the back surface 104 of the substrate 103 is, for
example, 0.5 pm or more and 5 pum or less.

[0119] A back side semiconductor layer 122 is provided on
the back surface 104 side of the substrate 103. The back side
semiconductor layer 122 comprises a polycrystalline group
11T nitride semiconductor as in the above embodiment. The
thickness of the back side semiconductor layer 120 is, and
is set such that the internal stress of the back side semicon-
ductor layer 120 and the internal stress of the front side
semiconductor layer 160 are balanced, and thereby the
thickness is for example, more than 20 pm, preferably equal
to or more than 50 pm.

[0120] Meanwhile, a buffer layer 142 is provided on the
front surface 105 side of the substrate 103. The buffer layer
142 is provided so as to follow a plurality of protrusions 115
provided on the front surface 105 of the substrate 103.
Protrusions corresponding to the protrusions 115 on the front
surface 105 of the substrate 103 are formed on the front
surface (upper surface) of the buffer layer 142. The buffer
layer 142 comprises the group III nitride semiconductor as
in the above embodiment. The thickness of the buffer layer
142 is, for example, 10 nm or more and 400 nm or less.
[0121] A front side semiconductor layer 162 is provided
on the buffer layer 142. As in the above-described embodi-
ment the front side semiconductor layer 162 comprises a
monocrystalline group III nitride semiconductor. The front
side semiconductor layer 162 is grown until its surface
becomes flat. Namely, the thickness of the front side semi-
conductor layer 162 is the thickness such that the front
surface of the front side semiconductor layer 162 is flat, and
is the thickness exceeding the critical thickness at which
cracks are generated in the front side semiconductor layer
162, in a case that only the front side semiconductor layer
162 is formed without forming the back side semiconductor
layer 122. Specifically, the thickness of the front side semi-
conductor layer 162 is, for example, the thickness exceeding
the above-described third critical thickness, namely, the
thickness more than 20 um, preferably equal to or more than
50 um. Further, the surface roughness films on the front
surface of the front side semiconductor layer 160 is for
example 2 nm or less in as-grown state (a state in which no
polishing or the like is performed) of the front side semi-
conductor layer 160.

[0122] The method for manufacturing the nitride semicon-
ductor template 12 of the modified example 1 is the same as
the above embodiment, except that a PSS substrate is used
as the substrate 103 (instead of the substrate 100).

[0123] According to the modified example 1, since the
light emitting device is manufactured using the nitride
semiconductor template 12, the light generated from the
light emitting layer of the light emitting device can be
scattered at the protrusions 115 of the front surface 105 of
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the substrate 103. Thereby, it is possible to suppress the light
generated from the light emitting layer from being totally
reflected and confined within the light emitting device and to
improve the light extraction efficiency of the light emitting
device.

[0124] Further, according to the modified example 1, even
when the PSS substrate is used as the substrate 103, the
generation of cracks in the nitride semiconductor template
12 can be suppressed. This is because in a case that the PSS
substrate is used as the substrate 103, when the thickness of
the front side semiconductor layer 162 is increased, the
internal stress generated in the front side semiconductor
layer 162 is concentrated on (the portion corresponding to)
the protrusions 115 provided on the front surface 105 of the
substrate 103, and cracks are likely to he generated in the
front side semiconductor layer 162 with the protrusions 115
as starting points. Therefore, in the modified example 1, the
internal stress that occurs in the front side semiconductor
layer 162 is canceled by the internal stress that occurs in the
back side semiconductor layer 122, to thereby suppress the
concentration of the internal stress of the front side semi-
conductor layer 162 on the protrusions 115. Thereby, the
generation of cracks in the front side semiconductor layer
162 starting from the protrusions 115 can be suppressed.
[0125] In the first modified example described above,
explanation is given for a case that, the front surface 105 of
the substrate 103 has a plurality of protrusions 115 periodi-
cally provided two-dimensionally. However, the front sur-
face 105 of the substrate 103 may have a plurality of
protrusions  periodically provided one-dimensionally.
Namely, each of the plurality of protrusions extends in a
predetermined direction along the front surface 105 of the
substrate 103, and the plurality of protrusions may be
periodically provided at equal intervals in a direction inter-
secting the extending direction.

[0126] Further, in the above-described modified example
1, explanation is given for a case that the front surface 105
of the substrate 103 has a plurality of protrusions 115.
However, the front surface 105 of the substrate 103 may
have a plurality of recesses periodically provided one-
dimensionally or two-dimensionally.

MODIFIED EXAMPLE 2

[0127] FIG. 7A is a cross-sectional view showing a nitride
semiconductor template according to a modified example 2
of'an embodiment of the present invention. As in the nitride
semiconductor template 14 of the second modified example
2 shown in FIG. 7A, the thickness of the back side semi-
conductor layer 124 may be uneven within the back surface
101 of the substrate 100. Specifically, for example, the outer
peripheral side thickness of the back side semiconductor
layer 124 may be larger than the center side thickness of the
back side semiconductor layer 124. “The outer peripheral
side thickness of the back side semiconductor layer 124”
means, for example, an average thickness in a region within
V4 of the radius of the substrate 100 from the outer peripheral
edge portion of the back side semiconductor layer 126
toward the center side. Alternatively, “the outer peripheral
side thickness of the back side semiconductor layer 124”
may be regarded as, for example, the thickness of the
peripheral edge portion of the back side semiconductor layer
124.

[0128] In step 2 of the manufacturing step of the modified
example 3, for example, it is possible to obtain a predeter-
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mined thickness distribution of a back side semiconductor
layer 124, by setting the outer peripheral side temperature of
the substrate 100 to be higher than the center side tempera-
ture of the substrate 100, or by increasing the flow rate
(supply amount) of the film forming gas to the outer periph-
eral side of the substrate 100 to be greater than the flow rate
of the film forming gas to the center side of the substrate
100.

[0129] According to the modified example 2, when the
internal stress of the front side semiconductor layer 160
becomes uneven in the plane, the internal stress of the front
side semiconductor layer 160 can be canceled by the internal
stress of the back side semiconductor layer 124 in accor-
dance with the distribution by thickening the back side
semiconductor layer 124 corresponding to a portion where
the internal stress of the front side semiconductor layer 160
becomes strong. Thereby, even in the case that the internal
stress of the front side semiconductor layer 160 becomes
uneven in the plane, occurrence of warping of the nitride
semiconductor template 14 can be suppressed.

MODIFIED EXAMPLE 3

[0130] FIG. 7B is a cross-sectional view showing a nitride
semiconductor template according to the modified example
3 of an embodiment of the present invention.

[0131] As in the nitride semiconductor template 16 of the
modified example 3 shown in FIG. 7B, the thickness of the
back side semiconductor layer 126 may have a distribution
opposite to the distribution of the thickness of the back side
semiconductor layer 124 of the modified example 2.
Namely, for example, the outer peripheral side thickness of
the back side semiconductor layer 126 may be smaller
(thinner) than the center side thickness of the back side
semiconductor layer 126.

[0132] In step 2 of the manufacturing step of the modified
example 3, it is possible to obtain the predetermined thick-
ness distribution of the back side semiconductor layer 126,
for example, by setting the outer peripheral side temperature
of the substrate 100 to be lower than the center side
temperature of the substrate 100, or by setting the flow rate
(supply amount) of the film forming gas to the outer periph-
eral side of the substrate 100 to be lower than the flow rate
of the film forming gas to the center side of the substrate
100.

[0133] According to the modified example 3, even in a
case that the internal stress of the front side semiconductor
layer 160 is distributed opposite to that of the second
modified example, occurrence of warping of the nitride
semiconductor template 16 can be suppressed.

MODIFIED EXAMPLE 4

[0134] FIG. 8 is a cross-sectional view showing a nitride
semiconductor template according to a modified example 4
of an embodiment of the present invention.

[0135] At least one of the back side semiconductor layer
128 and the front side semiconductor layer 168, may have a
non-growth region in the vicinity of the peripheral edge
portion of the substrate 100, as in the nitride semiconductor
template 18 of the modified example 4 shown in FIG. 8.
[0136] The thickness of the back side semiconductor layer
128 in the modified example 4 is, for example, more than 60
um. If the thickness of the back side semiconductor layer
128 is more than 60 um, (even if the back side semicon-
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ductor layer 128 is polycrystalline) cracks are likely to occur
in at least one of the back side semiconductor layer 128 and
the substrate 100, in a case of providing the back side
semiconductor layer 128 up to the peripheral edge portion of
the back surface 101 of the substrate 100. This is mainly
caused by uneven stress distribution at the peripheral edge of
the substrate 100, chipping of the peripheral edge portion of
the substrate 100, and the like.

[0137] Therefore, in the modified example 4, the back side
semiconductor layer 128 is provided, with a space from the
peripheral edge portion of the back surface 101 of the
substrate 100. Thereby, even in a case that the thickness of
the back side semiconductor layer 128 is large, the genera-
tion of cracks in the back side semiconductor layer 128 and
the substrate 100 can be suppressed.

[0138] Specifically, the back side semiconductor layer 128
is provided in a region excluding the region of 0.5 mm or
more and 5 mm or less from the peripheral edge portion of
the back surface 101 toward the center side, on the back
surface 101 side of the substrate 100. Hereinafter, a region
where the back side semiconductor layer 128 is not provided
is referred to as a “non-growth region” of the back side
semiconductor layer 128. The non-growth region of the back
side semiconductor layer 128 is formed so as to surround the
peripheral edge of the back surface 101 of the substrate 100.
If the width of the non-growth region of the back side
semiconductor layer 128 is less than 0.5 mm, there is a
possibility that a crack suppressing effect by the non-
growing region cannot be sufficiently obtained. In contrast,
by setting the width of the non-growth region of the back
side semiconductor layer 128 to 0.5 mm or more, it is
possible to sufficiently obtain the crack suppressing effect by
the non-growth region. Meanwhile, if the width of the
non-growth region of the back side semiconductor layer 128
is more than 5 mm, the area for obtaining a warp reducing
effect (stress canceling effect) by the back side semiconduc-
tor layer 128 is narrowed, although it is possible to obtain the
crack suppressing effect by the non-growth region. In con-
trast, by setting the width of the non-growth region of the
back side semiconductor layer 128 to 5 mm or less, it is
possible to secure the warp reducing effect by the back side
semiconductor layer 128 while maintaining the crack sup-
pressing effect by the non-growth region.

[0139] Further, the thickness of the front side semicon-
ductor layer 168 in the modified example 4 is, for example,
more than 50 um. If the thickness of the front side semi-
conductor layer 168 is more than 50 um, cracks are likely to
generate in the front side semiconductor layer 168 and the
substrate 100 in the case that the front side semiconductor
layer 168 is provided up to the peripheral edge portion of the
front surface 102 of the substrate 100. This is mainly due to
uneven stress distribution at the peripheral edge of the
substrate 100, chipping of the peripheral edge portion of the
substrate 100, and the like, as in the back side semiconductor
layer 128.

[0140] Therefore, in the modified example 4, the front side
semiconductor layer 168 is provided, with a space from the
peripheral edge portion of the front surface 102 of the
substrate 100. Thereby, even in a case that the thickness of
the front side semiconductor layer 168 is large, the genera-
tion of cracks in at least one of the front side semiconductor
layer 168 and the substrate 100 can be suppressed. In this
case, the buffer layer 148 is also provided, with a space from
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the peripheral edge portion of the front surface 102 of the
substrate 100, as in the front, side semiconductor layer 168.

[0141] Specifically, the front side semiconductor layer 168
is provided in a region excluding a region of 0.5 mm or more
and 5 mm or less from the peripheral edge portion of the
front surface 102 toward the center side, on the front surface
102 side of the substrate 100. Hereinafter, similarly to the
back side semiconductor layer 128, a region where the front
side semiconductor layer 168 is not provided is referred to
as a “non-growth region” of the front side semiconductor
layer 168. The non-growth region of the front side semi-
conductor layer 168 is formed to surround the peripheral
edge of the front surface 102 of the substrate 100. If the
width of the non-growth region of the front side semicon-
ductor layer 168 is less than 0.5 mm, there is a possibility
that the crack suppressing effect by the non-growing region
cannot be sufficiently obtained. In contrast, by setting the
width of the non-growth region of the front side semicon-
ductor layer 168 to 0.5 mm or more, it is possible to
sufficiently obtain the crack suppressing effect by the non-
growth region. Meanwhile, if the width of the non-growth
region of the front side semiconductor layer 168 is more than
5 mm, an effective area, of the growth underlayer for
growing the laminate such as the light emitting layer
becomes narrow, although the crack suppression effect by
the non-growth region can be obtained. As a result, produc-
tivity of the semiconductor device 20 is lowered. In contrast,
by setting the width of the non-growth region of the back
side semiconductor layer 128 to 5 mm or less, it is possible
to secure the effective area as the growth underlayer to a
predetermined value or more, while maintaining the effect of
suppressing cracks by the non-growth region. As a result, it
is possible to suppress lowering of productivity of the
semiconductor device 20.

[0142] Next, the manufacturing step of the modified
example 4 will be described with reference to FIG. 9. FIG.
9A is a cross-sectional view showing a placement state of the
substrate in step 2 of the modified example 4, and FIG. 9B
is a cross-sectional view showing a placement state of the
substrate in step 3 of the modified example 4.

[0143] In step 2 of the modified example 4, as shown in
FIG. 9A, when placing the substrate 100 on the susceptor
208, the peripheral edge of the back surface 101 of the
substrate 100 is covered so as to suppress the formation of
the back side semiconductor layer 128 on the peripheral
edge of the back surface 101 of the substrate 100. Specifi-
cally, for example, a ring-like peripheral cover 340 covers
the back surface 101 side of the substrate 100, with the
substrate 100 placed on the susceptor 208 interposing the
plate-like spacer 320. The peripheral cover 340 has, for
example, a disc portion (signs and numerals are not shown)
having an opening at the center and covering the peripheral
edge of the back surface 101 of the substrate 100, and a
peripheral side portion (signs and numerals are not shown)
connected to the outer peripheral edge of the disc portion
and surrounding the side face of the substrate 100. Since the
peripheral edge of the back surface 101 of the substrate 100
is covered with the disc portion of the peripheral cover 340,
formation of the back side semiconductor layer 128 on the
peripheral edge of the back surface 101 of the substrate 100
can be suppressed, and the back side semiconductor layer
128 can be formed, with a space from the peripheral edge
portion of the back surface 101 of the substrate 100. Further,
since the peripheral side portion of the peripheral cover 340
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surrounds the side face of the substrate 100, the peripheral
cover 340 can be accurately positioned with respect to the
substrate 100. Further, flirt-nation of the back side semicon-
ductor layer 128 on the side face of the substrate 100 can be
suppressed. Note that the inner diameter of the disc portion
of the peripheral cover 340 is preferably smaller by 1 to 10
min than the diameter of the substrate 100 (namely, the
width of the disc portion at one side is about 0.5 to 5 mm).

[0144] Then, in step 3 of the modified example 4, as
shown in FIG. 9B, when the substrate 100 is placed on the
susceptor 208, the peripheral edge of the front surface 102
of the substrate 100 is covered so as to suppress the
formation of the front side semiconductor layer 168 on the
peripheral edge of the front surface 102 of the substrate 100.
Specifically, for example, similarly to step 2, the peripheral
cover 360 covers the front surface 102 side of the substrate
100, with the substrate 100 placed on the susceptor 208. The
peripheral cover 360 is configured, for example, similarly to
the peripheral cover 340 described above, and has a disc
portion (signs and numerals are not shown) and a peripheral
side portion (signs and numerals are not shown). Since the
peripheral edge of the front surface 102 of the substrate 100
is covered with the disc portion of the peripheral cover 360,
formation of the front side semiconductor layer 168 on the
peripheral edge of the front surface 102 of the substrate 100
can be suppressed, and the front side semiconductor layer
168 can be formed, with a space from the peripheral edge
portion of the front surface 102 of the substrate 100. Further,
since the peripheral side portion of the peripheral cover 360
surrounds the side face of the substrate 100, the peripheral
cover 360 can be accurately positioned with respect to the
substrate 100. Further, formation of the front side semicon-
ductor layer 168 on the side face of the substrate 100 can be
suppressed. Note that the inner diameter of the disc portion
of the peripheral cover 360 is preferably smaller by about 1
to 10 mm than the diameter of the substrate 100 (namely, the
width of the disc portion at one side is about 0.5 to 5 min).

[0145] According to the modified example 4, since the
back side semiconductor layer 128 is provided, with a space
from the peripheral edge portion of the back surface 101 of
the substrate 100, the generation of cracks in at least one of
the back side semiconductor layer 128 and the substrate 100
due to uneven stress distribution at the peripheral edge of the
substrate 100, chipping of the peripheral edge portion of the
substrate 100 or the like, can be suppressed even when the
thickness of the back side semiconductor layer 128 is
increased. Specifically, for example, it is possible to reliably
suppress the generation of cracks in the back side semicon-
ductor layer 128 and the substrate 100, for example, if the
thickness of the hack side semiconductor layer 128 is within
a range of 200 um or less.

[0146] Further, according to the modified example 4, since
the front side semiconductor layer 168 is provided, with a
space from the peripheral edge of the front surface 102 of the
substrate 100, the generation of cracks in the front side
semiconductor layer 168 and the substrate 100 due to
uneven stress distribution at the peripheral edge of the
substrate 100, chipping of the peripheral edge portion of the
substrate 100 or the like, can be suppressed even when the
thickness of the front side semiconductor layer 168 is
increased. Specifically; for example, it is possible to reliably
suppress the generation of cracks in at least one of the front
side semiconductor layer 168 and the substrate 100, for
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example, if the thickness of the front side semiconductor
layer 168 is within a range of 180 um or less.

[0147] Further, according to the modified example 4, since
the thickness of the front side semiconductor layer 168 is
increased, the dislocation density of the front side semicon-
ductor layer 168 can be further lowered, compared with a
case that the non-growth region of the front side semicon-
ductor layer 168 is not provided, in a nitride semiconductor
template 18 using a substrate 100 such as a sapphire sub-
strate, it is possible to reliably realize, a low dislocation
density (106 cm™ range) equivalent to that of a free-
standing substrate composed only of the group III nitride
semiconductor.

[0148] In step 2 of the modified example 4 described
above, explanation is given for a case in which the periph-
eral cover 340 is used to cover the peripheral edge of the
back surface 101 of the substrate 100. However, a cover
layer for suppressing the formation of the back side semi-
conductor layer 128 may be formed on the peripheral edge
of the back surface 101 of the substrate 100. In this case, for
example, a silicon oxide (Si0,) layer may be formed as the
cover layer.

[0149] Further, in step 3 of the modified example 4,
explanation is given for a case in which the peripheral cover
360 is used to cover the peripheral edge of the front surface
102 of the substrate 100. However, the cover layer for
suppressing the formation of the front side semiconductor
layer 168 may be formed on the peripheral edge of the front
surface 102 of the substrate 100. In this case, for example,
Si0, layer may be formed as the cover layer.

MODIFIED EXAMPLE 5

[0150] The nitride semiconductor free-standing substrate
30 may be manufactured as in the following modified
example 5 by using the nitride semiconductor template 18 of
the above-described modified example 4.

[0151] A method for manufacturing a nitride semiconduc-
tor free-standing substrate according to a modified example
5 will be described, with reference to FIGS. 10 to 12. FIG.
10A is a cross-sectional view showing a state in which a
front side supporting substrate is attached to a front surface
side of the front side semiconductor layer in step 4 of the
modified example 5, and FIG. 10B is a cross-sectional view
showing a state in which the back side semiconductor layer
and the substrate are removed from a front surface side of
the front side semiconductor layer in step 4 of the modified
example 5. FIG. 11A is a cross-sectional view showing a
state in which the back side supporting substrate is attached
to a back surface side of the front side semiconductor layer
in step 4 of the modified example 5, and FIG. 11B is a
cross-sectional view showing a state in which the front side
supporting substrate 1S removed from the front surface side
of the front side semiconductor layer in step 4 of the
modified example 5. FIG. 12A is a cross-sectional view
showing a state in which a full-scale growth layer is formed
on the front side semiconductor layer in step 5 of the
modified example 5, and FIG. 12B is a cross-sectional view
showing a state in which nitride semiconductor free-stand-
ing substrates are sliced from a full-scale growth layer in
step 6 of the modified example 5.

[0152] In this modified example, explanation is given for
an example of manufacturing the nitride semiconductor
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free-standing substrate 30, by performing the following
steps 4 to 6 after performing step 3 of the above-described
modified example 4.

(Step 3)

[0153] The nitride semiconductor: template 18 is prepared
by performing step 3 of 4 of the above-described modified
example. Note that each of the back side semiconductor
layer 128 and the front side semiconductor layer 168 is
provided in a region excluding a predetermined non-growth
region.

[0154] At this time, in advance, a diameter of the substrate
100 is set larger by the non-growth region than a desired
diameter of the nitride semiconductor free-standing sub-
strate 30 described later. Further, the front side semiconduc-
tor layer 168 is grown so that the diameter of the front side
semiconductor layer 168 is made equal to or slightly larger
than a desired diameter of the nitride semiconductor free-
standing substrate 30. Specifically; when the nitride semi-
conductor free-standing substrate 30 having a diameter of 2
inches is obtained, the diameter of the substrate 100 is
previously set to 2.5 inches, and the front side semiconduc-
tor layer 168 is grown so that the diameter of the front side
semiconductor layer 168 is 2 inches.

[0155] Further, at this time, in the nitride semiconductor
template 18 used in this modified example, for example, the
thickness of the back side semiconductor layer 128 is more
than 100 um and the thickness of the front side semicon-
ductor layer 168 is more than 100 pm. By making the
thickness of the front side semiconductor layer 168 more
than 100 pm, the shape of the front side semiconductor layer
168 can be stably maintained when the substrate 100 is
removed from the nitride semiconductor template 18 in step
4 described later.

(Step Substrate Replacement Step)

[0156] Next, as shown in FIG. 10A, a front side supporting
substrate 410 is attached to the front side semiconductor
layer 168 of the nitride semiconductor template 18 inter-
posing an adhesive layer 420. At this time, the adhesive layer
420 is, for example, wax or a double-sided tape. Further, the
front side supporting substrate 410 comprises a substrate
having rigidity to withstand polishing described later, for
example, an alumina substrate.

[0157] Next, as shown in FIG. 10B, the back side semi-
conductor layer 128 and the substrate 100 are removed by
grinding the nitride semiconductor template 18 from the
back side semiconductor layer 128 side, with the nitride
semiconductor template 18 supported on the front side
supporting substrate 410. For example, the back side semi-
conductor layer 128 and the substrate 100 are removed by
grinding using a grindstone. Note that the buffer layer 148
is not required to be removed or may be removed. Further,
it is preferable that the front surface after removing the back
side semiconductor layer 128 and the substrate 100 be
subjected to a polishing treatment and a lapping treatment so
as not to remain processing damage.

[0158] Next, as shown in FIG. 11A, the back side sup-
porting substrate 450 is attached to the side opposite to the
front side supporting substrate 410 of the front side semi-
conductor layer 168 (namely, the back surface side of the
front side semiconductor layer 168) interposing an adhesive
layer 460. At this time, the adhesive layer 460 is formed, for
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example, by a ceramic-based adhesive agent which is solidi-
fied by heating and turns into SiC. Thereby, the adhesive
layer 460 having predetermined heat resistance and corro-
sion resistance can be obtained. Further, for example, the
back side supporting substrate 450 comprises a material
having a linear expansion coefficient close to that of the
group III nitride semiconductor, and specifically, a polycrys-
talline GaN substrate or a finlike substrate is used as the back
side supporting substrate 450. Thereby, the difference in the
linear expansion coefficient between the front side semicon-
ductor layer 168 and the back side supporting substrate 450
can be reduced, and occurrence of thermal stress between
them can be suppressed in step 5 described later.

[0159] After the adhesive layer 160 is solidified and the
back side supporting substrate 450 is brought into close
contact: with the front side semiconductor layer 168, the
adhesive layer 420 and the front side supporting substrate
410 are removed, to thereby leave the front side semicon-
ductor layer 168. After removing the adhesive layer 420 and
the front side supporting substrate 410, the front surface of
the front side semiconductor layer 168 is cleaned. At this
time, an organic cleaning liquid such as alcohol or acetone
is used as a cleaning liquid. Thereby, a residual material if
the adhesive layer 420 is removed from the front surface of
the front side semiconductor layer 168. In this way, the
crystal growth substrate 20 having the front side semicon-
ductor layer 168, the adhesive layer 460, and the back side
supporting substrate 450 is formed.

(Step 5: Full-Scale Growth Step)

[0160] Next, as shown in FIG. 12A, a full-scale growth
layer 170 comprising a monocrystalline group III nitride
semiconductor is grown on the front side semiconductor
layer 168 of the crystal growth substrate 20, by the same
processing procedure as in step 3, using the same HVPE
apparatus 200 as in step 3. Note that in step 5, it is not
necessary to use the peripheral cover 360 used in step 3 of
the modified example 4.

[0161] The processing condition in step 5 may be the same
as the processing condition in step 3 described above, but
may be a different condition. This is because in step 5, it is
necessary to form the full-scale growth layer 170 thicker
than the front side semiconductor layer 168 formed in step
3, and it is requested that a growth rate of the full-scale
growth layer 170 in step 5 is made higher than a growth rate
of the front side semiconductor layer 168 in step 3. There-
fore, in step 5, it is preferable to grow the full-scale growth
layer 170 under a growth condition in which crystal growth
toward a normal direction (thickness direction) of the main
surface of the front side semiconductor layer 168 is more
active than crystal growth in step 3.

[0162] As a method for achieving the above-described
object, for example, there is a method of making the
atmosphere in the film formation chamber 201 in step 5
different from the atmosphere in Step 3. For example, the
ratio (N,/H,) of a partial pressure of the N, gas with respect
to a partial pressure of the H, gas in the film formation
chamber 201 in step 5 is larger than the ratio (N,/H,) of a
partial pressure of the N, gas with respect to a partial
pressure of the H, gas in the film formation chamber 201 in
the step 3. Thereby, in step 5, the crystal growth toward the
normal direction of the main surface of the front side
semiconductor layer 168 becomes more active than the
crystal growth in step 3.
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[0163] Further, as a method of achieving the above-de-
scribed object, for example, there is a method of making the
growth temperature in step 5 different from the growth
temperature in step 3. For example, a film forming tempera-
ture in step 5 is set to be lower than a film forming
temperature in step 3. Thereby as well, in step 5, the crystal
growth toward the normal direction of the main surface of
the front side semiconductor layer 168 becomes more active
than the crystal growth in step 3.

[0164] Further, as a method of achieving the above-de-
scribed object, for example, there is a method of making the
ratio (NH;/GaCl, so-called V/ III ratio) of the supply flow
rate of the NH; gas to the supply flow rate of the GaCl gas
in step 5 different from that in Step 3. For example, the
NH;/GaCl ratio in step 5 is set so as to be larger than the
NH,/GaCl ratio in step 3. Thereby as well, in step 5, the
crystal growth toward the normal direction of the main
surface of the front side semiconductor layer 168 becomes
more active than the crystal growth in step 3.

[0165] Further, as a method of achieving the above-de-
scribed object, for example, there is a method of making a
supply flow rate of GaCl gas in step 5 different from that in
step 3. For example, GaCl flow rate in step 5 is set to be
larger than GaCl flow rate in step 3. Thereby as well, in step
5, the crystal growth toward the normal direction of the main
surface of the front side semiconductor layer 168 becomes
more active than the crystal growth in step 3.

(Step 6: Nitride Semiconductor Free-Standing Substrate
Manufacturing Step)

[0166] Next, as shown in FIG. 12B, the nitride semicon-
ductor free-standing substrate 30 having a predetermined
thickness is fabricated by slicing (cutting out) the full-scale
growth layer 170 obtained in step 5 (or the front side
semiconductor layer 168) perpendicularly to the thickness
direction (crystal growth direction) and at equal intervals
along the thickness direction.

[0167] For slicing the full-scale growth layer 170, for
example, a wire saw is used. In this case, the nitride
semiconductor free-standing substrate 30 is sliced while
applying a loose grind stone (abrasive liquid) to a wire
traveling along a slice position of the full-scale growth layer
170. Alternatively, so-called fixed abrasive grains in which
the wire itself holds abrasive grains, may be used in place of
the loose grindstone.

[0168] Thereafter, processing such as outline processing,
chamfering, polishing, and cleaning is performed to the
sliced nitride semiconductor free-standing substrate 30. At
this time, at least the front surface of the nitride semicon-
ductor free-standing substrate 30 is mirror polished. Note
that both surfaces of the nitride semiconductor free-standing
substrate 30 may be mirror polished.

[0169] As described above, the nitride semiconductor
free-standing substrate 30 of this embodiment is manufac-
tured.

[0170] Note that the crystal growth substrate 20 remaining
after slicing the nitride semiconductor free-standing sub-
strate 30 may be used again to re-grow the full-scale, growth
layer 170. Thereby, a manufacturing cost of the nitride
semiconductor free-standing substrate 30 can be reduced.
[0171] According to the modified example 5, the crystal
growth substrate 20 can be formed by removing the back
side semiconductor layer 128 and the substrate 100 from the
nitride semiconductor template 18 obtained in the above-



US 2020/0127163 Al

described modified example and leaving the front side
semiconductor layer 168. Thereby, thermal stress caused by
a difference in the linear expansion coefficient between the
substrate 100 and the front side semiconductor layer 168 can
be prevented from occurring in the crystal growth substrate
20. Namely, it is possible to stably grow a thick full-scale
growth layer 170 on the crystal growth substrate 20 in a
thermal stress free state. As a result, many nitride semicon-
ductor free-standing substrates 30 can be sliced from the
full-scale growth layer 170, and production efficiency of the
nitride semiconductor free-standing substrate 30 can be
improved.

[0172] Further, according to the modified example 5, in
the nitride semiconductor template 18 obtained in the modi-
fied example 4, since the thickness of the front side semi-
conductor layer 168 is increased and dislocation density
thereof is lowered, the dislocation density of the full-scale
growth layer 170 grown on the front side semiconductor
layer 168 of the crystal growth substrate 20 can also be
lowered. As a result, it is possible to obtain a high-quality
nitride semiconductor free-standing substrate 30 from the
full-scale growth layer 170.

[0173] Further, according to the modified example 5, since
the back side semiconductor layer 128 is polycrystalline, the
back side semiconductor layer 128 can be easily ground
when the back side semiconductor layer 128 and the sub-
strate 100 are removed by grinding in step 4. As a result, it
is possible to shorten processing time required in step 4.

[0174] Note that in the above-described modified example
5, explanation is given for a case in which the back side
supporting substrate 450 is attached to the back surface side
of the front side semiconductor layer 168 to form the crystal
growth substrate 20, after removing the back side semicon-
ductor layer 128 and the substrate 100 from the nitride
semiconductor template 18 in step 4. However, when the
front side semiconductor layer 168 is thick and free-standing
by itself, the front side semiconductor layer 168 may be
made self-standing to be a nitride semiconductor free-
standing substrate, without attaching the back side support-
ing substrate 450 to the back surface side of the front side
semiconductor layer 168. Further, the full-scale growth
process of step 5 may be preformed using a nitride semi-
conductor free-standing substrate comprising only the front
side semiconductor layer 168 as a crystal growth substrate.

Other Embodiments

[0175] As described above, embodiments of the present
invention have been specifically described. However, the
present invention is not limited to the above-described
embodiments, and various modifications can be made with-
out departing from the gist thereof.

[0176] In the above-described embodiment, explanation is
given for a case in which the substrate 100 is a sapphire
substrate, but the substrate 100 may he a silicon carbide
(SiC) substrate or the like.

[0177] In the above-described embodiment and modified
example 1, etc., explanation is given for a case in which the
back surface 101 of the substrate 100 is a rough surface
having random irregularities. However, for example, when
the back side semiconductor layer 120 is formed on the back
surface 101 of the substrate 100 without a buffer layer as
described above, the back surface 101 of the substrate 100
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may be a mirror surface, because the back side semicon-
ductor layer 120 can be polycrystalline by this manufactur-
ing method.

[0178] In the above-described embodiment, explanation is
given for a case in which the back side semiconductor layer
120 comprises GaN. However, the back side semiconductor
layer 120 may comprise a group III nitride semiconductor
other than GaN, and for example, a group III nitride semi-
conductor such as AIN, aluminum gallium nitride (AlGaN),
indium nitride (InN), indium gallium nitride (InGaN), alu-
minum indium gallium nitride (AllnGaN), that is, a group 111
nitride semiconductor represented by a composition formula
of AlIn Ga, . N (0O=x=<1, O=<y=l, O=x+y=l).

[0179] In the above-described embodiment, explanation is
given for a case in which the front side semiconductor layer
160 comprises GaN. However, the front side semiconductor
layer 160 may comprise a group 111 nitride semiconductor
other than GaN, for example, a group III nitride semicon-
ductor such as AIN, AIGaN, InN, InGaN, AllnGaN, that is,
a group III nitride semiconductor represented by a compo-
sition formula of Al In Ga, . N (0=xsl, Osysl, Osx+y=l).
[0180] In the above-described embodiment, explanation is
given for a case in which the back side semiconductor layer
120 and the front side semiconductor layer 160 comprise the
same group III nitride semiconductor. However, the back
side semiconductor layer 120 and the front side semicon-
ductor layer 160 may comprise different group III nitride
semiconductors each other. However, in this case, the ratio
of the thicknesses of the back side semiconductor layer 120
and the front side semiconductor layer 160 needs to be
appropriately set in consideration of the linear expansion
coeflicient of each material.

[0181] In the above-described embodiment explanation is
given for a case in which the buffer layer 140 comprises
AIN. However, the buffer layer 140 may comprise a group
IIT nitride semiconductor other than AIN, for example, a
group III nitride semiconductor such as GaN, AlGaN, InN,
InGaN, and AllnGaN, that is, a group III nitride semicon-
ductor represented by a composition formula of Al In,Ga,_
3N (0=x=1, O<y=l, O<x+y=l). Further, the growth tem-
perature of the buffer layer 140 is set, to be approximately
1000 to 1100° C. which is substantially the same as that of
the front side semiconductor layer 160. However, the buffer
layer 140 may be a low temperature growth layer of 400 to
600° C.

[0182] In the above-described embodiment, explanation is
given for a case in which the film forming gas is flowed in
a direction crossing the main surface of the substrate 100 (a
direction oblique to the main surface) in the HVPE appara-
tus 200, however, the film forming gas may flow in a
direction along the main surface of the substrate 100 (a
direction parallel to the main surface) or in a direction
perpendicular to the main surface of the substrate 100.
[0183] In the above-described embodiment, explanation is
given for a case in which the substrate 100 is placed on the
susceptor 208 interposing the ring-like spacer 310 or the
plate-like spacer 320, in step 2, however, if the front surface
102 side of the substrate 100 can be protected, it is not
necessary to use the ring-like spacer 310 or the plate-like
spacer 320. For example, a groove portion having an area
slightly smaller than the area of the front surface 102 of the
substrate 100 is formed in the pocket. 208p of the susceptor
208, and the substrate 100 may be placed on the susceptor
208 so as to cover the groove portion by the front surface
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102 side of the substrate 100. Thereby, the front surface 102
side of the substrate 100 can be protected.

[0184] In the above-described embodiment, explanation is
given for a case in which the growth temperature of the back
side semiconductor layer 120 in step 2 is made equal to the
growth temperature of the front side semiconductor layer
160 in step 3. However, the growth temperature of the back
side semiconductor layer 120 in step 2 may be different from
the growth temperature of the front side semiconductor layer
160 in step 3. For example, the growth temperature of the
back side semiconductor layer 120 in step 2 may be lower
than the growth temperature of the front side semiconductor
layer 160 in step 3. For example, this case corresponds to a
case in which the backside semiconductor layer 120 is
formed by a sputtering method which has a merit such as
high productivity and no toxic gas. In this case, the back side
semiconductor layer 120 is in an amorphous state. In this
case as well, at the time of temperature rise in the case of
forming the monocrystalline front side semiconductor layer
160 at high temperature (for example 1000° C.) on the front
surface 102 side of the substrate 100 in step 3 after an
amorphous back side semiconductor layer 120 is formed at
low temperature (for example, 500° C.) on the back surface
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However, the diameter and the thickness of the substrate 100
are not limited thereto. For example, the substrate 100 may
be, for example, a 4-inch substrate with a thickness of 650
um, a 2-inch substrate with a thickness of 300 um or 450 um
(50.8 mm in diameter), a 6-inch substrate with a thickness of
1300 pm (150 mm in diameter). In this case as well, it is
possible to obtain the same effect as the above-described
embodiment.

EXAMPLES

[0187] Hereinafter, various experimental results which
support the effect of the present invention will be described.

(1) Regarding a Back Surface Growth Sample

[0188] “Back surface growth sample” in which only the
back side semiconductor layer was provided on the back
surface side of the substrate was manufactured, and various
evaluations were conducted. Namely, the back surface
growth sample corresponds to the substrate whose growth
has been completed in step 2. Representative examples
among them are shown in Table 1 below.

TABLE 1
Back side Back side Back side Back side Back side Back side Back side Back side
growth 1  growth 2 growth3 growth4 growth5 growth 6 growth7 growth 8
Back side semiconductor layer(um) 21 45 60 110 110 150 180
Peripheral cover Absent Absent Absent Absent Absent Present Present Present
Crack O O O X O O O
Warping amount(pum) -180 -267 -380 -521 — -950 -1310 -1550

101 side of the substrate 100 in step 2, most of the amor-
phous backside semiconductor layer 120 is polycrystallized.
When the amorphous back side semiconductor layer 120 is
polycrystallized, the stress between the crystal constituting
the back side semiconductor layer 120 and the substrate 100
is relaxed. Therefore, in this case as well, it is possible in
obtain the substrate 100 provided with the polycrystalline
back side semiconductor layer 120 on the back surface 101
side, similar to the substrate 100 obtained in step 2 of the
above-described embodiment, and it is possible to substan-
tially eliminate warping when heated to the growth tem-
perature of the front side semiconductor layer 160. Note that
in this case, although a part of the amorphous crystal may
remain in the back side semiconductor layer 120, a stress is
generated, which is the stress equivalent to that of the back
side semiconductor layer 120 which is entirely polycrystal-
lized due to high temperature formation.

[0185] In the above-described embodiment explanation is
given for a case in which the back side semiconductor layer
120 or the front side semiconductor layer 160 is formed by
using the HVPE apparatus 200 in step 2 or 3. However, a
Metal-Organic Vapor Phase Epitaxy (MOVPE) apparatus, or
a Molecular Beam Epitaxy (MBE) apparatus may also be
used. However, it is preferable to use the HVPE apparatus
because the growth rate of the back side semiconductor layer
120 or the front side semiconductor layer 160 can be
increased.

[0186] In the above-described embodiment explanation is
given for a case in which the diameter of the substrate 100
is 4 inches and the thickness of the substrate 100 is 900 pm.

(1-1) Manufacture of the Back Surface Growth Sample

[0189] In back surface growth samples 1 to 8, a sapphire
substrate having a diameter of 4 inches, a thickness of 900
um, a surface inclined at 0.3° in the M-axis direction of
sapphire from c-plane, was used as a substrate. The back
surface of the substrate was a rough surface having random
irregularities.

[0190] Further, in the back surface growth samples 1 to 8,
first, a back side semiconductor layer comprising polycrys-
talline GaN was directly formed on the back surface side of
the substrate without interposing a buffer layer. At this time,
the growth temperature of the back side semiconductor layer
was set to 1050° C. Also, at this time, the thickness of the
back side semiconductor layer was set to 21 to 180 pm.
[0191] At this time, in the back surface growth samples 1
to 5, a back side semiconductor layer was formed, with a
configuration of FIG. 3B or FIG. 3C, without using the
peripheral cover. Meanwhile, in back surface growth
samples 6 to 8, the back side semiconductor layer was
formed, with the configuration of FIG. 9A, using the periph-
eral cover. Note that the width of the non-growth region in
the back surface growth samples 6 to 8 was set to 2 mm.

(1-2) Evaluation of the Back Surface Growth Sample

(Warping Amount)

[0192] A warping amount of each back surface growth
sample at room temperature was measured, using a laser
displacement gauge. Note that the “warping amount of the
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back surface growth sample” was obtained as a difference
between a height of the central portion and a height of the
peripheral edge portion of the back surface growth sample,
by measuring from the front surface of the substrate. Note
that positive warping amount means a case in which the
front surface side of the substrate is convex, and minus
warping amount means a case in which the front surface side
of the substrate is concave.

(Crack)

[0193] At room temperature (25° C.), presence or absence
of cracks in the back surface growth sample was examined
visually and using an optical microscope. A sample in which
cracks were not generated in the back surface growth sample
was evaluated as “o (circle)”, and a sample in which cracks
were generated in at least a part of the back surface growth
sample was evaluated as “x”.

(1-3) Result of the Back Surface Growth Sample

[0194] As shown in Table 1, the back surface growth
samples 1 to 8 were warped so that the front surface side was
concave, and the warping amount was minus. Further, in the
back surface growth samples 1 to 8, as the thickness of the
back side semiconductor layer became larger, an absolute
value of the warping amount of the back surface growth
sample became larger.

[0195] Next, the effect of the peripheral cover during the
formation of the back side semiconductor layer will be
described in back surface growth samples 1 to 4 in which the
thickness of the back side semiconductor layer was 50 um or
less, cracks did not occur in the back surface growth samples
even without using the peripheral cover. However, in the
back surface growth sample 5 or the like in which the
thickness of the backside semiconductor layer was more
than 60 pm without using the peripheral cover, the ratio of
cracking during growth of the back side semiconductor layer
was increased, and it was difficult to stably obtain the back
surface growth sample in which the back side semiconductor
layer was formed on the back surface side of the substrate.
Meanwhile, the back surface growth samples 6 to 8 in which
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the thickness of the backside semiconductor layer was more
than 60 um using the peripheral cover, it was confirmed that
the back surface growth samples could be stably obtained,
with cracks suppressed. Namely, it was confirmed that since
the back side semiconductor layer was provided, with a
space from the peripheral edge portion of the back surface
of the substrate using the peripheral cover, the occurrence of
cracks in the back surface growth samples could be sup-
pressed, even when the thickness of the back side semicon-
ductor layer was large.

[0196] Although not shown in Table 1, the back surface
growth sample was manufactured, with a width of a region
(non-growth region) changed, where the peripheral cover
covers the back surface side of the substrate. According to
a result thereof, in the back surface growth sample in which
the width of the non-growth region of the back side semi-
conductor layer was less than 0.5 mm, although certain
effects to suppress cracks were observed, it was difficult to
completely suppress the occurrence of cracks. Probably this
is because GaN is adhered to the side surface of the substrate
at a certain rate depending on processing tolerance of the
peripheral cover or susceptor, tolerance of the diameter of
the substrate, etc. In contrast, it was confirmed that in the
back surface growth sample in which the width of the
non-growth region of the back side semiconductor layer was
0.5 mm or more (5 mm or less), the back surface growth
sample could be stably obtained, with cracks suppressed.
Accordingly, it was also confirmed that: in order to stably
suppress the cracks at the time of forming the back side
semiconductor layer when the thickness of the back side
semiconductor layer was large, it was preferable to use the
peripheral cover and set the width of the region to 0.5 mm
or more, where the peripheral cover covers the back surface
side of the substrate.

(2) Regarding the Nitride Semiconductor Template Sample

[0197] Next, the nitride semiconductor template sample
was manufactured and evaluated variously. Representative
examples among them are shown in Tables 2 and 3 below.
The nitride semiconductor template sample may be simply
referred to as a “sample” hereafter.

TABLE 2
1 2 3 4 5 6 7
Front side semiconductor layer (um) 9 10 14 15 19 20 25
Back side semiconductor layer (um) Absent Absent Absent Absent Absent Absent Absent
Step 3 (front surface) peripheral cover Absent Absent Absent Absent Absent Absent Absent
Step 2 (back surface) peripheral cover — — — — — — —
Warping amount (um) 90 100 140 150 190 — —
Crack at the time of temperature rise O X X X X — —
After elapse of 24 hours after formation O O O X X — —
Immediately after formation O O O O O X X
Dislocation density (107 cm™2) 10 10 9 9 8 — —
Transmittance (wavelength 550 nm) X X X X X X X
Transmittance (wavelength 2 um) X X X X X X X
TABLE 3
8 9 10 11 12 13 14 15 16 17
Front side semiconductor layer (um) 11 16 21 21 42 50 110 110 110 150
Back side semiconductor layer (um) 11 16 21 30 50 60 110 110 150 180
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TABLE 3-continued

8 9 10 11 12 13 14 15 16 17
Step 3 (front surface) peripheral cover Absent Absent Absent Absent Absent Absent Absent Present Present Present
Step 2 (back surface) peripheral cover Absent Absent Absent Absent Absent Absent Present Present Present Present

Warping amount (jum) 50 45 40 =30 30 25 — 210 -110 50

Crack at the time of temperature rise O O O O O O — O O O

After elapse of 24 hours O O O O O O — O O O
after formation
Immediately after formation O O O O O O X O O O
Dislocation density (1077 em™) 8 6 5 5 1.5 0.9 — 0.6 0.6 0.3
Transmittance (wavelength 550 nm) O O O O ® ® ® ® ® ®
Transmittance (wavelength 2 pm) O O O O ® ® ® ® ® ®

(2-1) Manufacture of the Nitride Semiconductor Template
Sample

[0198] In samples 1 to 17, a sapphire substrate having a
diameter of 4 inches, a thickness of 900 um, a surface
inclined at 0.3° in the M-axis direction of sapphire from
c-plane, was used as a substrate. The back surface of the
substrate was a rough surface having random irregularities.
[0199] In samples 1 to 7, a buffer layer made of AIN was
formed using the HVPE apparatus, on the front surface side
of' the substrate without growing a polycrystalline GaN layer
on the back surface side of the substrate as a back side
semiconductor layer. At this time, the growth temperature of
the buffer layer was 1050° C., and the thickness of the buffer
layer was 200 nm. Next, a front side semiconductor layer
comprising monocrystalline GaN was formed on the buffer
layer. At this time, the growth temperature of the front side
semiconductor layer was 1050° C. which is the same as that
of the AIN buffer layer, and the thickness of the front side
semiconductor layer was 9 to 25 pm.

[0200] Insamples 8to 17, first, a back side semiconductor
layer comprising polycrystalline GaN was directly formed
using the HVPE apparatus, on the back surface side of the
substrate without interposing the buffer layer. At this time,
the growth temperature of the back side semiconductor layer
was 1050° C. and the thickness of the back side semicon-
ductor layer was 11 to 180 um. Next, as in samples 1 to 4,
a buffer layer comprising AIN was formed on the front
surface side of the substrate. At this time, the growth
temperature of the buffer layer was 1050° C., and the
thickness of the buffer layer was 200 nm. Next a front side
semiconductor layer comprising monocrystalline GaN was
formed on the buffer layer. At this time, the growth tem-
perature of the front side semiconductor layer was 1050° C.
which is the same as that of the AIN buffer layer, and the
thickness of the front side semiconductor layer was 11 to
150 um. The peripheral cover was used at the time of
forming the back side semiconductor layer in sample 14, and
at the time of forming the back side semiconductor layer and
at the time of forming the front side semiconductor layer in
samples 15 to 17. At this time, the width of the region
(non-growth region) was 2 mm, where each peripheral cover
covers the main surface of the substrate.

[0201] At the time of forming the front side semiconductor
layer in samples 1 to 17 (step 2), the following growth
method was adopted in order to achieve sufficiently low
dislocation density of the front side semiconductor layer. A
growth condition of not flattening the surface was adopted
until the thickness of the front side semiconductor layer
readied about 60% of a final thickness, and the growth
condition was switched to a growth condition for flattening

the surface when the thickness of the front side semicon-
ductor layer exceeded about 60% of the final thickness.
Specifically, as the final thickness of the front side semi-
conductor layer was larger, the growth rate at the initial stage
of growth (corresponding to a thickness of 5 um or less) was
made lower. As the growth rate becomes lower, the density
of the nuclei being formed on the buffer layer at the initial
stage of the growth becomes lower, and an effect of delaying
the flattening of the surface is increased. Specifically, when
the final thickness of the front side semiconductor layer was
less than 20 pum, the growth rate at the initial stage of the
growth was 1 pm/min, and when the final thickness of the
front side semiconductor layer was 20 pm or more and less
than 50 um, the growth rate in the initial stage of growth was
0.6 um/min, and when the final thickness of the front side
semiconductor layer was 50 um or more, the growth rate at
the initial stage of growth was 0.3 pum/min. Further, a
condition for obtaining a growth rate of 2 pm/min was
adopted as the growth condition for flattening the surface of
the front side semiconductor layer at the stage when the
thickness of the front side semiconductor layer exceeded
about 60% of the final thickness.

(2-2) Evaluation of the Nitride Semiconductor Template
Sample

(Warping Amount)

[0202] The warping amount of the nitride semiconductor
template was evaluated by the same evaluation method as
that of the hack surface growth sample.

(Crack)

[0203] Presence or absence of cracks in the front side
semiconductor layer was visually inspected, in each of the
case when the nitride semiconductor template was heated
again to the growth temperature of GaN (1050° C.) after the
nitride semiconductor template was manufactured (de-
scribed as “at the time of temperature rise” in the Table), the
case after elapse of 24 hours after formation of the front side
semiconductor layer (described as “after 24 hours from
formation” in the Table), or the case immediately after
formation of the front side semiconductor layer (described
as “immediately after formation” in the Table). A sample in
which no cracks were generated in the nitride semiconductor
template was evaluated as “o (circle)”, and a sample in
which cracks were generated in at least a part of the nitride

9

semiconductor template was evaluated as “x”.

(Dislocation Density)

[0204] A cathode luminescence image of the surface of the
nitride semiconductor template was observed, and the num-
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ber of dark spots observed at that time was measured and the
number of dark spots per unit area was taken as the dislo-
cation density.

(Transmittance)

[0205] As an evaluation corresponding to the visibility, the
transmittance of the nitride semiconductor template in a
visible range was measured. The visibility was evaluated as
“®© (double circle)” when the transmittance at a wavelength
of 550 nm was 0% or more and less than 30%, and the
visibility was evaluated as “o (circle)” when the transmit-
tance at a wavelength of 550 nm was 30% or more and less
than 60%, and the visibility was evaluated as “x” when the
transmittance, at a wavelength of 550 nm was 60% or more.
[0206] As an evaluation corresponding to heat absorption,
the transmittance of the nitride semiconductor template in an
infrared region was measured. The heat absorption was
evaluated as “@ (double circle)” when the transmittance at
a wavelength of 2 um was 0% or more and less than 30%,
and the heat absorption was evaluated as “o (circle)” when
the transmittance at a wavelength of 2 pm was 30% or more
and less than 60%, and the heat absorption was evaluated as
“x” when the transmittance at a wavelength of 2 pm was
60% or more.

(2-3) Result of the Nitride Semiconductor Template Sample

[0207] An evaluation result of the nitride semiconductor
template sample will be described using Tables 2 and 3.

(Effects of the Back Side Semiconductor Layer)

[0208] First, the effect of the back side semiconductor
layer will be described.

[0209] In samples 1 to 5 in which only the front side
semiconductor layer was formed without forming the back
side semiconductor layer, an absolute value of the warping
amount of the nitride semiconductor template was increased
as the thickness of the front side semiconductor layer was
increased. Namely; it was confirmed that the internal stress
in the front side semiconductor layer was increased as the
thickness of the front side semiconductor layer was
increased, due to a difference in linear expansion coeflicient
between the substrate and the front side semiconductor
layer. In samples 6 and 7, cracks were generated in the front
side semiconductor layer as described later, and therefore an
accurate warping amount could not be measured.

[0210] Insample 1 in which the thickness of the front side
semiconductor layer was 9 pm without forming the back
side semiconductor layer, no cracks were generated in each
of the case at the time of temperature rise, the case after
elapse of 21 hours after formation, or the case immediately
after formation. However, in sample 2 in which the thickness
of the front side semiconductor layer was 10 um without
forming the back side semiconductor layer, cracks were
generated in the front side semiconductor layer at the time
of temperature rise. Namely, it was confirmed that the first
critical thickness was 10 pm at which cracking occurs in the
front side semiconductor layer at the time of temperature
rise in a case that only the front side semiconductor layer
was formed without forming the back side semiconductor
layer.

[0211] Further, in sample 3 in which the thickness of the
front side semiconductor layer was 14 um without brining
the back side semiconductor layer, no cracking was gener-
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ated each of the case after elapse of 24 hours after formation
or the case immediately after formation. However, in sample
4 in which the thickness of the front side semiconductor
layer was 15 pm without forming the back side semicon-
ductor layer, cracks were generated in the front side semi-
conductor layer after elapse of 24 hours after formation.
Namely, it was confirmed that the second critical thickness
was 15 pum, at which cracks were generated in the front side
semiconductor layer after elapse of 24 hours from formation
in a case that only the front side semiconductor layer is
formed without forming the back side semiconductor layer.

[0212] Further, in sample 5 in which the thickness of the
front side semiconductor layer was 19 pm without forming
the back side semiconductor layer, no cracks were generated
in the case immediately after formation. However, in
samples 6 and 7 in which the thickness of the back side
semiconductor layer was 20 pm or more without forming the
back side semiconductor layer, cracks were generated in the
front side semiconductor layer immediately after formation.
Namely, it was confirmed that the third critical thickness was
20 um, at which cracks were generated in the front side
semiconductor layer immediately after formation in a case
that only the front side semiconductor layer is formed
without forming the back side semiconductor layer. In such
a situation in which cracks are generated in the front side
semiconductor layer immediately after formation of the
front side semiconductor layer, it is not possible to adopt the
method of Non-Patent Document 1 (a method of forming a
back side semiconductor layer after forming a front side
semiconductor layer) using a nitride semiconductor template
such as Samples 6 and 7.

[0213] In contrast, in sample 8 in which both the back side
semiconductor layer and the front side semiconductor layer
were provided and the thickness of the front side semicon-
ductor layer was 11 pm, it was confirmed that no cracks were
generated in each of the case at the time of temperature rise,
the case after elapse of 24 hours after formation, or the case
immediately after formation. It was also confirmed that the
warping amount was within 100 pm in sample 8. Namely, it
was confirmed that since the back side semiconductor layer
was provided and the internal stress of the front side
semiconductor layer was canceled by the internal stress of
the back side semiconductor layer, generation of the cracks
on the front side semiconductor layer could be suppressed
when the nitride semiconductor template was heated to the
growth temperature of GaN, and warping of the nitride
semiconductor template could be reduced, even if the thick-
ness of the front side semiconductor layer was more than the
first critical thickness.

[0214] Further, in Sample 9 in which both the back side
semiconductor layer and the front side semiconductor layer
were provided and the thickness of the front side semicon-
ductor layer was 16 um, it was confirmed that no cracks were
generated in each of the case at the time of temperature rise,
the case after elapse of 24 hours after formation, or the case
immediately after formation. Further, in sample 9, it was
confirmed that the warping amount was within +100 pm.
Namely, it was confirmed that since the back side semicon-
ductor layer was provided and the internal stress of the front
side semiconductor layer was canceled by the internal stress
of the back side semiconductor layer, generation of the
cracks on the front side semiconductor layer after elapse of
24 hours after formation of the front side semiconductor
layer could be suppressed, and the warping of the nitride
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semiconductor template could be reduced, even if the thick-
ness of the front side semiconductor layer was more than the
second critical thickness.

[0215] Further, in samples 10 to 13 in which both the back
side semiconductor layer and the front side semiconductor
layer were provided and the thickness of the front side
semiconductor layer was more than 20 um, it was confirmed
that no cracks were generated in each of the case at the time
of temperature rise, the case after elapse of 24 hours after
formation, or the case immediately after formation. Further,
in samples 10 to 13, it was confirmed that the warping
amount was within +100 um. Namely, it was confirmed that
since the back side semiconductor layer was provided and
the internal stress of the front side semiconductor layer was
canceled by the internal stress of the back side semiconduc-
tor layer, generation of the cracks in the front side semicon-
ductor layer immediately after formation of the front side
semiconductor layer could be suppressed, and the warping
of the nitride semiconductor template could be reduced,
even if the thickness of the front side semiconductor layer
was more than the third critical thickness.

[0216] It was also confirmed that when the thickness of the
front side semiconductor layer was 50 pum or less as in
samples 10 to 13, the warping amount could he within £100
um, and cracks were not generated either, even without
using the peripheral cover.

[0217] Insamples 10 and 11, the thickness of the front side
semiconductor layer is 21 um and the thickness of the hack
side semiconductor layer is 21 and 30 pm, respectively. In
this case, the warping amounts were +40 um and =30 pm,
respectively in samples 10 and 11. Accordingly, it was
confirmed that by adjusting the thickness of the back side
semiconductor layer, the warping amount of a final nitride
semiconductor template could be controlled.

(Regarding the Effect of the Peripheral Cover)

[0218] The effect of the peripheral cover will he described
next.
[0219] Although not shown in Table 2, in samples 6 and 7

in which only the front side semiconductor layer was formed
without forming the back side semiconductor layer, a case of
using the peripheral cover when forming the front side
semiconductor layer was separately studied. However, in
this case as well, generation of the cracks could not be
suppressed. Since the front side semiconductor layer is
formed as being monocrystalline and has cleavage proper-
ties, it can be considered that cracks are likely to generate
along a specific cleavage direction.

[0220] In sample 14 in which a predetermined back side
semiconductor layer was provided, the thickness of the front
side semiconductor layer was more than 50 um (110 pm),
and no peripheral cover was used in forming the front side
semiconductor layer, cracks were generated in the nitride
semiconductor template immediately after formation. It can
be considered that cracks are likely to generate in the nitride
semiconductor template, mainly due to uneven stress distri-
bution at the peripheral edge of the substrate, chipping of the
peripheral edge portion of the substrate, or the like.

[0221] In contrast, in samples 15 to 17 in which a prede-
termined back side semiconductor layer was provided, the
thickness of the front side semiconductor layer was more
than 50 pm, and the peripheral cover was used at the time of
forming the back side semiconductor layer and at the time of
forming the front side semiconductor layer, no cracks were
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generated in the nitride semiconductor template. Particularly
in sample 15, even though the thickness of the back side
semiconductor layer and the thickness of the front side
semiconductor layer were equal to that of the sample 14,
cracks were not generated. From this fact, it was confirmed
that a crack suppression effect could be obtained by using
the peripheral cover when forming the front side semicon-
ductor layer. Namely, since the front side semiconductor
layer was provided, with a space from the peripheral edge
portion of the surface of the substrate using the peripheral
cover, generation of the cracks in the nitride semiconductor
template could be suppressed even when the thickness of the
front side semiconductor layer was large.

(Regarding the Warping Amount in the Case of a Thick
Film)

[0222] Next, the warping amount in the case of a thick Ma
(when the peripheral cover is used) will be described.
[0223] In sample 15 in which the thickness of the back
side semiconductor layer was 110 um and the thickness of
the front side semiconductor layer was 110 um, the nitride
semiconductor template was warped so that the front side
was convex, and its warping amount was more than 200 pm.
This is because the thickness of the back side semiconductor
layer and the thickness of the front side semiconductor layer
are equal to each other. Namely, in sample 15, it was
considered that the nitride semiconductor template was
warped so that the front side was convex, because the
internal stress of the monocrystalline front side semicon-
ductor layer was larger than the internal stress of the
polycrystalline back side semiconductor layer. Meanwhile,
in sample 16 in which the thickness of the back side
semiconductor layer was 150 um and the thickness of the
front side semiconductor layer was 110 um, the nitride
semiconductor template was warped so that the front side
was concave, and its warping amount was —110 um. From
these facts, when the thickness of the front side semicon-
ductor layer is 110 um equal to the thickness of the front side
semiconductor layer in samples 15 and 16, by setting the
thickness of the back side semiconductor layer to 130 to 140
um, the warping amount of the nitride semiconductor tem-
plate can be within £100 um. This is confirmed in another
experiment which is not actually shown in Tables 2 and 3.
[0224] Further, in sample 17 in which the thickness of the
back side semiconductor layer was 180 um and the thickness
of the front side semiconductor layer was 150 um, the
warping amount of the nitride semiconductor layer was
suppressed to be small (50 um), despite an extremely large
thickness of the front side semiconductor layer.

[0225] As described above, it was confirmed that by
appropriately adjusting the thickness of the back side semi-
conductor layer within a range in which the thickness of the
back side semiconductor layer is not less than the thickness
of the front side semiconductor layer, the internal stress of
the front side semiconductor layer could be canceled by the
internal stress of the back side semiconductor layer and the
warping amount could be reduced.

(Regarding a Dislocation Density)

[0226] A dislocation density will be described next.

[0227] In samples 6 and 7 in which the back side semi-
conductor layer was not provided and the thickness of the
front side semiconductor layer was more than 20 pum as
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described above, cracks were generated in the nitride semi-
conductor template as described above. Therefore, when the
back side semiconductor layer was not provided, the thick-
ness of the front side semiconductor layer could not be
increased due to generation of the cracks, and the dislocation
density of the front side semiconductor layer could not be
lowered to 5x107 cm™ or less.

[0228] In contrast, in samples 10 to 13, and 15 to 17 in
which a predetermined back side semiconductor layer was
provided and the thickness of the front side semiconductor
density was more than 20 um, it was confirmed that the
dislocation density became 5x107 cm™ or less and the
dislocation density was lowered as the thickness of the front
side semiconductor layer was increased. Particularly in
samples 13 and 15 to 17 in which the thickness of the front
side semiconductor layer was 50 um or more, it was con-
firmed that the dislocation density was less than 1x10” cm™.
Namely, it was confirmed that low dislocation density
equivalent to that of GaN free-standing substrate could be
realized in the nitride semiconductor template in which the
sapphire substrate was used.

(Regarding Visibility and Heat Absorption)

[0229] Visibility and heat absorption will be described
next.
[0230] In samples 1 to 7 in which the back side semicon-

ductor layer was not provided, the front side semiconductor
layer was monocrystalline, and therefore the transmittance
at a wavelength of 550 nm was high and good visibility was
not obtained. Further, the transmittance at a wavelength of
2 pm was high, and good heat absorption was not obtained.
[0231] In contrast, in samples 8 to 17 in which a prede-
termined back side semiconductor layer was provided, it
was confirmed that the transmittance at a wavelength of 550
nm was low and good visibility could be obtained. Further,
in samples 8 to 17, the transmittance at a wavelength of 2 pm
was low. Further, in samples 8 to 17, in raising the tem-
perature of the substrate from room temperature to the
growth temperature (1050° C.) in the step (step 3) of
forming the front side semiconductor layer, it took 110
minutes for stabilizing the temperature of the substrate,
which was shorter than the time (120 minutes) in samples 1
to 7 in which the back side semiconductor layer was not
provided. From these facts, in samples 8 to 17, it was
confirmed that since the back side semiconductor layer was
provided, heat absorption property could be improved. Par-
ticularly, in samples 12, 13, and 15 to 17 in which the
thickness of the back side semiconductor layer was 50 um or
more, the transmittance at a wavelength of 550 nm was 30%
or less, and it was confirmed that visibility could be more
reliably improved. Further, in samples 12, 13, and 15 to 17,
in raising the temperature of the substrate from room tem-
perature to the growth temperature (1050° C. ) in the step
(step 3) of forming the front side semiconductor layer, it
took 90 minutes or less for stabilizing the temperature of the
substrate and it was possible to raise the temperature in a
further shorter time From these facts, in samples 12, 13, and
15 to 17, it was confirmed that by increasing the thickness
of the back side semiconductor layer, the heat, absorption
property could be more reliably improved.

(Regarding the Width of the Peripheral Cover)

[0232] The width of the region (non-growth region) where
t peripheral cover covers the main surface of the substrate
will be described next.
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[0233] Although not described in Tables 2 and 3, the
nitride semiconductor template was manufactured, in which
the thickness of the back side semiconductor layer and the
thickness of the front side semiconductor layer were more
than 50 pm, and the width of the region (non-growth region)
where the peripheral cover covers the main surface of the
substrate was changed.

[0234] Regarding the width of the non-growth region of
the back side semiconductor layer, it was confirmed that
since the width of the non-growth region of the back side
semiconductor layer was 0.5 mm or more as described in the
result of the back surface growth sample, cracks at the time
of forming the back side semiconductor layer (step 2) could
be stably suppressed. Meanwhile, in the nitride semicon-
ductor template sample in which the width of the non-
growth region of the back side semiconductor layer was
inure than 5 mm, the warp reducing effect by the back side
semiconductor layer could not be sufficiently obtained when
the nitride semiconductor template was manufactured. In
contrast, in the nitride semiconductor template sample in
which the width of the non-growth region of the back side
semiconductor layer was 5 mm or less, it was confirmed that
the warp reducing effect by the back side semiconductor
layer could be sufficiently obtained.

[0235] Regarding the width of the non-growth region of
the front side semiconductor layer, in the nitride semicon-
ductor template sample in which the width of the non-
growth region of the front side semiconductor layer was less
than 0.5 mm, although a certain effect of suppressing crack-
ing of the nitride semiconductor template was observed, the
crack suppressing effect was limited. In contrast, in the
nitride semiconductor template sample in which the width of
the non-growth region of the front side semiconductor layer
was 0.5 mm or more (and 5 mm or less), it was confirmed
that the nitride semiconductor template could be stably
obtained, with the cracks suppressed. Accordingly, since the
width of the region where the peripheral cover covers the
front surface side of the substrate was 0.5 mm or more, it
was confirmed that the crack of the nitride semiconductor
template could be stably suppressed if the thickness of the
front side semiconductor layer was large. Note that from a
viewpoint of suppressing the cracks, it is considered that
there is no upper limit value of the width of the non-growth
region of the front side semiconductor layer (up to a radius
of the substrate). However, if the width of the non-growth
region of the front side semiconductor layer is too large, the
area of the front side semiconductor layer which will be the
growth underlayer becomes small and the productivity of the
semiconductor device is lowered. From this viewpoint, it is
considered that, the width of the non-growth region of the
front side semiconductor layer is practically preferably 5
mm or less.

[0236] Note that even when the width of the region
(non-growth region) where the peripheral cover covers the
main surface of the substrate was different in a range of +2
mm in each of the case of forming the back side semicon-
ductor layer (step 2) and the case of forming the front side
semiconductor layer (step 3), it was confirmed that there was
no significant influence on the ratio of a breakage of the
nitride semiconductor template and the warping amount of
the nitride semiconductor template.
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(Conclusion)

[0237] As described above, in samples 8 to 13, and 15 to
17, it was confirmed that a high-quality nitride semiconduc-
tor template could be obtained with high yield.

(3) Regarding the Nitride Semiconductor Free-Standing
Substrate

[0238] Next a nitride semiconductor free-standing sub-
strate was manufactured as follows, using the nitride semi-
conductor template sample 17 described above.

[0239] In step 4, a front side supporting substrate com-
prising an alumina substrate was attached to the front side
semiconductor layer of the nitride semiconductor template
interposing an adhesive layer composed of a double-sided
tape. Next, the backside semiconductor layer and the sub-
strate were removed by grinding and lapping. Next, a back
side supporting substrate comprising a polycrystalline GaN
substrate was attached to the back surface side of the front
side semiconductor layer interposing an adhesive layer made
of'a ceramic adhesive. Next, the adhesive layer and the front
side supporting substrate were removed from the front
surface side of the front side semiconductor layer, and the
surface of the front side semiconductor layer was cleaned
using an organic cleaning solution. Thereby, a substrate for
crystal growth substrate was obtained. The thickness of the
front side semiconductor layer in the finally obtained crystal
growth substrate was about 100 pum.

[0240] Next, in step 5, a full-scale growth layer compris-
ing GaN was grown on the front side semiconductor layer of
the crystal growth substrate, using the HVPE apparatus. At
this time, the thickness of the full-scale growth layer was
2400 um. Namely, a total thickness of the front side semi-
conductor layer and the full-scale growth layer was 2500
pm.

[0241] Next in step 6, the full-scale growth layer was
sliced, using a wire saw. At this time, a width of the cutting
margin by the wire saw was 200 um, and a nitride semi-
conductor free-standing substrate with a thickness of 500 pm
was obtained from the full-scale growth layer. As described
above, the nitride semiconductor free-standing substrate was
manufactured.

[0242] In the manufacturing step of the above-described
nitride semiconductor free-standing substrate, there were no
cracks generated in the full-scale growth layer, etc., when
the full-sale growth layer was formed. Namely, it was
confirmed that by removing the back side semiconductor
layer and the substrate, from the nitride semiconductor
template and leaving the front side semiconductor layer to
thereby form a crystal growth substrate, a thick full-scale
growth layer could be stably grown on the crystal growth
substrate in a thermal stress-free state.

[0243] Further, the dislocation density in the above-de-
scribed nitride semiconductor free-standing substrate was
0.3x1.0”7 cm™2. Namely, it was confirmed that by using a
nitride semiconductor template in which the front side
semiconductor layer was thickened and its dislocation den-
sity was lowered, the dislocation density of the full-scale
growth layer grown on the front side semiconductor layer of
the crystal growth substrate could also be lowered, and a
high-quality nitride semiconductor free-standing substrate
could be obtained from the full-scale growth layer.
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<Preferable Aspects of the Present Invention>

[0244] Preferable aspects of the present invention will be
described hereafter.

[0245] (Supplementary description 1)

[0246] There is provided a nitride semiconductor tem-
plate, including:

[0247] a substrate having a front surface and a back
surface opposite to the front surface;

[0248] aback side semiconductor layer provided on a back
surface side of the substrate, comprising a polycrystalline
group lit nitride semiconductor, and having a linear expan-
sion coeflicient different from a linear expansion coefficient
of the substrate; and

[0249] a front side semiconductor layer provided on a
front surface side of the substrate, comprising a monocrys-
talline group III nitride semiconductor, and having a linear
expansion coeflicient different from a linear expansion coef-
ficient of the substrate,

[0250] wherein a thickness of the front side semiconductor
layer is a thickness exceeding a critical thickness at which
cracks are generated in the front side semiconductor layer in
a case that only the front side semiconductor layer is formed
without forming the back side semiconductor layer,

[0251] (Supplementary description 2)

[0252] The nitride semiconductor template according to
the supplementary description 1, wherein the critical thick-
ness is a thickness at which cracks are generated in the front
side semiconductor layer when a temperature of the nitride
semiconductor template is raised to a growth temperature of
the group III nitride semiconductor in a case that only the
front side semiconductor layer is formed without forming
the back side semiconductor layer.

[0253] (Supplementary description 3)

[0254] The nitride semiconductor template according to
the supplementary description 1, wherein the critical thick-
ness is a thickness at which cracks are generated in the front
side semiconductor layer after elapse of a predetermined
time from formation of the front side semiconductor layer in
a case that only the front side semiconductor layer is formed
without forming the back side semiconductor layer.

[0255] (Supplementary description 4)

[0256] The nitride semiconductor template according to
the supplementary description 1, wherein the critical thick-
ness is a thickness at which cracks are generated in the front
side semiconductor layer immediately after formation of the
front side semiconductor layer in a case that only the front
side semiconductor layer is formed without forming the
back side semiconductor layer.

[0257] (Supplementary description 5)

[0258] The nitride semiconductor template according to
the supplementary description 1, wherein the thickness of
the front side semiconductor layer is more than 20 um.
[0259] (Supplementary description 6)

[0260] The nitride semiconductor template according to
the supplementary description 5, wherein the thickness of
the front side semiconductor layer is 50 pm or more.
[0261] (Supplementary description 7)

[0262] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 6, wherein
the ratio of the thickness of the back side semiconductor
layer to the thickness of the front side semiconductor layer
is 1.0 times or more and 1.5 times or less.
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[0263] (Supplementary description 8)

[0264] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 7, wherein
the thickness of the back side semiconductor layer is 50 pm
or more.

[0265] (Supplementary description 9)
[0266] A nitride semiconductor template, including:
[0267] a substrate having a front surface and a back

surface opposite to the front surface;

[0268] aback side semiconductor layer provided on a back
surface side of the substrate, comprising a polycrystalline
group III nitride semiconductor, and having a linear expan-
sion coeflicient different from a linear expansion coefficient
of the substrate; and

[0269] a front side semiconductor layer provided on a
front surface side of the substrate, comprising a monocrys-
talline group III nitride semiconductor, and baying a linear
expansion coeflicient different from a linear expansion coef-
ficient of the substrate,

[0270] wherein the thickness of the back side semicon-
ductor layer is 50 um or more.

[0271] (Supplementary description 10)

[0272] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 9, wherein a
dislocation density on the front surface of the front side
semiconductor layer is 5x10” ¢cm™ or less.

[0273] (Supplementary description 11)

[0274] The nitride semiconductor template according to
the supplementary description 10, wherein the dislocation
density on the front surface of the front side semiconductor
layer is less than 1x107 cm™.

[0275] (Supplementary description 12)

[0276] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 11, wherein
a surface roughness RMS on the front surface of the front
side semiconductor layer is 2 nm or less in as-grown state.
[0277] (Supplementary description 13)

[0278] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 12, wherein
a warping amount of the nitride semiconductor template is
within 200 um at 25° C.

[0279] (Supplementary description 14)

[0280] The nitride semiconductor template according to
supplementary description 13, wherein the warping amount
of the nitride semiconductor template is within 200 um
over a range of at least 25° C. or more and 1000° C. or less.
[0281] (Supplementary description 15)

[0282] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 14, wherein
the thickness of the back side semiconductor layer is equal
to or more than the thickness of the front side semiconductor

layer.
[0283] (Supplementary description 16)
[0284] The nitride semiconductor template according to

any one of the supplementary descriptions 1 to 15, wherein
the ratio of the thickness of the back side semiconductor
layer to the thickness of the front side semiconductor layer
is 1.1 times or more and 1.5 times or less.

[0285] (Supplementary description 17)

[0286] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 16, wherein
the back side semiconductor layer is provided directly on the
back surface of the substrate, and the front side semicon-
ductor layer is provided on the front surface side of the
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substrate interposing a buffer layer which enhances a crystal
orientation of the front side semiconductor layer.

[0287] (Supplementary description 18)

[0288] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 17, wherein
the front surface of the substrate is a mirror surface, and the
back surface of the substrate is a mirror surface or a rough
surface having random irregularities.

[0289] (Supplementary description 19)

[0290] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 17, wherein
the front surface of the substrate has a plurality of recesses
or protrusions provided periodically one-dimensionally or
two-dimensionally, and the back surface of the substrate is
a mirror surface or a rough surface having random irregu-
larities.

[0291] (Supplementary description 20)

[0292] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 19, wherein
the back side semiconductor layer is provided, with a space
from a peripheral edge portion of the back surface side of the
substrate.

[0293] (Supplementary description 21)

[0294] The nitride semiconductor template according to
the supplementary description 20, wherein the back side
semiconductor layer is provided in a region excluding a
region of 0.5 mm or more and 5 min or less from the
peripheral edge portion of the back surface to a center side,
on the back surface side of the substrate.

[0295] (Supplementary description 22)

[0296] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 21, wherein
the front side semiconductor layer is provided, with a space
from the peripheral edge portion of the front surface side of
the substrate,

[0297] (Supplementary description 23)

[0298] The nitride semiconductor template according to
the supplementary description 22, wherein the front side
semiconductor layer is provided in a region excluding a
region of 0.5 mm or more and 5 mm or less from the
peripheral edge portion of the front surface to a center side,
on the front surface side of the substrate.

[0299] (Supplementary description 24)

[0300] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 23, wherein
the backside semiconductor layer is uniform in the back
surface of the substrate.

[0301] (Supplementary description 25)

[0302] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 23, wherein
a thickness on an outer peripheral side of the back side
semiconductor layer is larger than a thickness on a center
side of the back side semiconductor layer.

[0303] (Supplementary description 26)

[0304] The nitride semiconductor template according to
any one of the supplementary descriptions 1 to 23, wherein
a thickness on an outer peripheral side of the back side
semiconductor layer is smaller than a thickness on a center
side of the back side semiconductor layer.

[0305] (Supplementary description 27)

[0306] A method for manufacturing a nitride semiconduc-
tor template, including:

[0307] a first step of preparing a substrate having a front
surface and a back surface opposite to the front surface;
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[0308] asecond step of forming a back side semiconductor
layer provided on a back surface side of the substrate,
comprising a polycrystalline or amorphous group III nitride
semiconductor, and having a linear expansion coefficient
different from a linear expansion coefficient of the substrate;
and

[0309] a third step of forming a front side semiconductor
layer on the front surface side of the substrate, comprising
a monocrystalline group III nitride semiconductor, and hav-
ing a linear expansion coeflicient different from a linear
expansion coefficient of the substrate,

[0310] wherein the third step is performed after the second
step.

[0311] (Supplementary description 28)

[0312] There is provided a method for manufacturing a

nitride semiconductor template of the supplementary
description 27, wherein in the third step, a thickness of the
front side semiconductor layer is set to a thickness exceed-
ing a critical thickness at which cracks are generated in the
front side semiconductor layer when the second step is not
performed.

[0313] (Supplementary description 29)

[0314] There is provided the method for manufacturing a
nitride semiconductor template of the supplementary
description 28, wherein in the third step, the thickness of the
front side semiconductor layer is set to more than 20 pm.
[0315] (Supplementary description 30)

[0316] There is provided the method for manufacturing a
nitride semiconductor template of the supplementary
description 29, wherein in the third step, the thickness of the
front side semiconductor layer is set to 50 um or more.
[0317] (Supplementary description 31)

[0318] There is provided the method for manufacturing a
nitride semiconductor template of the supplementary
description 29, wherein in the second step, the thickness of
the back side semiconductor layer is set to 50 pm or more.
[0319] (Supplementary description 32)

[0320] There is provided the method for manufacturing a
nitride semiconductor template of any one of the supple-
mentary descriptions 27 to 31, wherein in the second step,
the back side semiconductor layer is directly formed on the
back surface side of the substrate, and in the third step, the
front side semiconductor layer is formed on the front surface
side of the substrate interposing a buffer layer which
enhances a crystal orientation of the front side semiconduc-
tor layer.

[0321] (Supplementary description 33)

[0322] There is provided the method for manufacturing a
nitride semiconductor template of any one of the supple-
mentary descriptions 27 to 32, wherein in the second step,
the back side semiconductor layer is formed only on the
back surface side of the substrate, with the front surface side
of the substrate protected.

[0323] (Supplementary description 34)

[0324] There is provided the method for manufacturing a
nitride semiconductor template of the supplementary
description 33, wherein the second step is performed, with
the substrate placed on a susceptor so that the front surface
side of the substrate faces the susceptor, while interposing a
ring-shaped spacer between the front surface of the substrate
and the susceptor so as to surround a peripheral edge of the
front surface of the substrate.
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[0325] (Supplementary description 35)

[0326] There is provided the method for manufacturing a
nitride semiconductor template of the supplementary
description 33, wherein the second step is performed, with
the substrate placed on the susceptor, while using a plate-like
spacer having a plate-like spacer bottom portion and a
spacer protruding portion protruding from the spacer bottom
portion so as to surround the peripheral edge of the front,
surface of the substrate, making the spacer protruding por-
tion brought into contact with the peripheral edge of the
front surface of the substrate so that the front surface side of
the substrate faces the spacer bottom portion, and interpos-
ing the plate-like spacer between the front surface of the
substrate and the susceptor.

[0327] (Supplementary description 36)

[0328] There is provided the method for manufacturing a
nitride semiconductor template of any one of the supple-
mentary descriptions 27 to 35, wherein a growth tempera-
ture of the back side semiconductor layer in the second step
is made equal to a growth temperature of the front side
semiconductor layer of the third step.

[0329] (Supplementary description 37)

[0330] There is provided the method for manufacturing a
nitride semiconductor template of any one of the supple-
mentary descriptions 27 to 36, wherein in the second step,
the back side semiconductor layer is formed, with a space
from a peripheral edge portion of the back surface side of the
substrate, by covering the peripheral edge of the back
surface of the substrate.

[0331] (Supplementary description 38)

[0332] There is provided the method for manufacturing a
nitride semiconductor template of any one of the supple-
mentary descriptions 27 to 37, wherein in the third step, the
front side semiconductor layer is formed, with a space from
a peripheral edge portion of the front surface side of the
substrate, by covering the peripheral edge of the front
surface of the substrate.

[0333] (Supplementary description 39)

[0334] There is provided the method for manufacturing a
nitride semiconductor template of any one of the supple-
mentary descriptions 27 to 38, wherein a step of polishing a
front surface of the front side semiconductor layer is not
performed after the third step.

[0335] (Supplementary description 40)

[0336] There is provided a method for manufacturing a
nitride semiconductor free-standing substrate, including:
[0337] a first step of preparing a substrate having a front
surface and a back surface opposite to the front surface;
[0338] asecond step of forming a back side semiconductor
layer provided on a back surface side of the substrate,
comprising a polycrystalline or amorphous group III nitride
semiconductor, and having a linear expansion coefficient
different from a linear expansion coefficient of the substrate;
[0339] a third step of forming a nitride semiconductor
template by forming a front side semiconductor layer on the
front surface side of the substrate, comprising a monocrys-
talline group III nitride semiconductor, and having a linear
expansion coeflicient different from a linear expansion coef-
ficient of the substrate; and

[0340] a fourth step of removing the back side semicon-
ductor layer and the substrate from the nitride semiconduc-
tor template to leave the front side semiconductor layer,
[0341] wherein the third step is performed after the second
step.
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What is claimed is:

1. A nitride semiconductor template, comprising:

a substrate having a front surface and a back surface
opposite to the front surface;

back side semiconductor layer provided on a back
surface side of the substrate, comprising a polycrystal-
line group III nitride semiconductor, and having a
linear expansion coefficient different from a linear
expansion coefficient: of the substrate; and

front side semiconductor layer provided on a front
surface side of the substrate, comprising a monocrys-
talline group III nitride semiconductor, and having a
linear expansion coefficient different from a linear
expansion coefficient of the substrate,

wherein a thickness of the front side semiconductor layer

is a thickness exceeding a critical thickness at which
cracks are generated in the front side semiconductor
layer in a case that only the front side semiconductor
layer is formed without forming the back side semi-
conductor layer.

2. The nitride semiconductor template according to claim
1, wherein the thickness of the front side semiconductor
layer is more than 20 pm.

3. The nitride semiconductor template according to claim
2, wherein the thickness of the front side semiconductor
layer is 50 um or more.

4. The nitride semiconductor template according to claim
1, wherein the ratio of the thickness of the back side
semiconductor layer to the thickness of the front side
semiconductor layer is 1.0 times or more and 1.5 times or
less.

5. The nitride semiconductor template according to claim
1, wherein the thickness of the back side semiconductor
layer is 50 um or more.

6. The nitride semiconductor template according to claim
1, wherein a dislocation density on a front surface of the
front side semiconductor layer is 5x107 cm™ or less.

7. The nitride semiconductor template according to claim
6, wherein the dislocation density on a front surface of the
front side semiconductor layer is less than 1x10” cm™2.

8. The nitride semiconductor template according to claim
1, wherein root mean square roughness on a front surface of
the front side semiconductor layer is 2 nm or less in
as-grown state.

9. The nitride semiconductor template according to claim
1 wherein a warping amount of the nitride semiconductor
template is within 200 um at 25° C.

10. The nitride semiconductor template according to
claim 9, wherein the warping amount of the nitride semi-
conductor template is within +200 pm over a range of at
least 25° C. or more and 1000° C. or less.

11. The nitride semiconductor template according to
claim 1, wherein the thickness of the back side semicon-
ductor layer is equal to or more than the thickness of the
front side semiconductor layer.

12. The nitride semiconductor template according to
claim 1, wherein the back side semiconductor layer is
provided directly on the back surface of the substrate, and
the front side semiconductor layer is provided on the front
surface side of the substrate interposing a buffer layer which
enhances a crystal orientation of the front side semiconduc-
tor layer,

13. The nitride semiconductor template according to
claim 1, wherein the front surface of the substrate is a mirror
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surface, and the back surface of the substrate is a mirror
surface or a rough surface having random irregularities.

14. The nitride semiconductor template according to
claim 1, wherein the front surface of the substrate has a
plurality of recesses or protrusions provided periodically
one-dimensionally or two-dimensionally, and the back sur-
face of the substrate is a mirror surface or a rough surface
having random irregularities.

15. The nitride semiconductor template according to
claim 1, wherein the back side semiconductor layer is
provided, with a space from a peripheral edge portion of the
back surface side of the substrate.

16. The nitride semiconductor template according to
claim 15, wherein the back side semiconductor layer is
provided in a region excluding a region of 0.5 mm or more
and 5 mm or less from the peripheral edge portion of the
back surface toward a center side, on the back surface side
of the substrate.

17. The nitride semiconductor template according to
claim 1, wherein the front side semiconductor layer is
provided, h a space from a peripheral edge portion of the
front surface side of the substrate.

18. The nitride semiconductor template according to
claim 17, wherein the front side semiconductor layer is
provided in a region excluding a region of 0.5 mm or more
and 5 mm or less from the peripheral edge portion of the
front surface toward a center side, on the front surface side
of the substrate.

19. A method for manufacturing a nitride semiconductor
template, comprising:

a first step of preparing a substrate having a front surface

and a back surface opposite to the front surface;

a second step of forming a back side semiconductor layer
provided on a back surface side of the substrate,
comprising a polycrystalline or amorphous group 111
nitride semiconductor, and having a linear expansion
coeflicient different from a linear expansion coefficient
of the substrate; and

a third step of forming a front side semiconductor layer on
the front surface side of the substrate, comprising a
monocrystalline group III nitride semiconductor, and
having a linear expansion coefficient different from a
linear expansion coefficient of the substrate,

wherein the third step is performed after the second step.

20. The method for manufacturing a nitride semiconduc-
tor template according to claim 19, wherein in the third step,
a thickness of the front side semiconductor layer is set to a
thickness exceeding a critical thickness at which cracks are
generated in the front side semiconductor layer when the
second step is not performed.

21. A method for manufacturing a nitride semiconductor
free-standing substrate, including:

a first step of preparing a substrate having a front surface

and a back surface opposite to the front surface;

a second step of forming a back side semiconductor layer
provided on a back surface side of the substrate,
comprising a polycrystalline or amorphous group 111
nitride semiconductor, and having a linear expansion
coeflicient different from a linear expansion coefficient
of the substrate;

a third step of forming a nitride semiconductor template
by forming a front side semiconductor layer on the
front surface side of the substrate, comprising a monoc-
rystalline group III nitride semiconductor, and having a
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linear expansion coefficient different from a linear
expansion coefficient of the substrate; and
a fourth step of removing the back side semiconductor
layer and the substrate from the nitride semiconductor
template to leave the front side semiconductor layer,
wherein the third step is performed after the second step.
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