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Description

FIELD OF THE INVENTION

[0001] Example embodiments relate to methods of
growing a nitride semiconductor layer.

BACKGROUND OF THE INVENTION

[0002] Electronic industries using nitride semiconduc-
tors have drawn attention as fields suitable for develop-
ment and growth of green industries. In particular, GaN,
a nitride semiconductor, is widely used to manufacture
a blue light-emitting diode from among red, green, and
blue light-emitting diodes, which are essential elements
of high power electronic component devices including a
light-emitting diode (LED). A blue LED using GaN is more
desirable in terms of brightness, lifespan, and internal
quantum efficiency to conventional blue light-emitting de-
vices using a semiconductor material, for example, zinc
selenide (ZnSe), due to improved physical and chemical
characteristics of GaN.
[0003] Also, because GaN has a direct transition band
gap structure and the band gap is adjustable in a range
from about 1.9 eV to about 6.2 eV by using an indium
(In) or aluminum (Al) alloy, GaN is useful in optical de-
vices. Also, because GaN has a higher breakdown volt-
age and is stable at higher temperatures, GaN is useful
in various fields, e.g., a relatively high power device and
a relatively high temperature electronic device. For ex-
ample, GaN may be applied to a relatively large electric
board using a full color display, a traffic light, a light source
of an optical recording medium, and a relatively high pow-
er transistor of a vehicle engine.
[0004] Because an LED using a GaN substrate has
less defects, has identical refractive indices in the GaN
substrate and a device layer, and has a thermal conduc-
tivity that is about 4 times higher than that of sapphire,
GaN is an essential element for manufacturing a rela-
tively high power LED.
[0005] Because gallium nitride (GaN) from among ni-
tride semiconductors has a band gap energy of about
3.39 eV and is a relatively wide band gap semiconductor
material with a direct transition band gap, GaN is useful
to manufacture a light-emitting device for emitting light
having a relatively short wavelength.
[0006] Because growth of a single crystal of GaN in a
liquid phase requires a relatively high temperature equal
to or higher than about 1500°C and a nitrogen atmos-
phere of about 20,000 atm due to a relatively high nitro-
gen vapor pressure at a melting point, mass producing
the single crystal of GaN may be difficult. Also, because
a size of the single crystal of GaN that may be currently
used is about 100 mm2, using the single crystal of GaN
to manufacture a device may be difficult.
[0007] Accordingly, a GaN thin film is grown on a het-
erogeneous substrate by using a vapor deposition meth-
od, e.g., metal organic chemical vapor deposition

(MOCVD) or hydride vapor phase epitaxy (HVPE).
[0008] However, when GaN grown on a silicon sub-
strate directly contacts silicon, the silicon may diffuse into
the GaN, a surface of the silicon substrate may be etched
to cause meltback, and cracks may occur due to a tensile
stress when the GaN is grown on the silicon substrate
due to a difference in a thermal expansion coefficient and
a lattice constant between the silicon and the GaN. To
solve this problem, although a method of growing GaN
on a silicon substrate by using a graded buffer layer is
used, the method may include growing a GaN thin film
but has a limitation in growing a thick GaN layer.
[0009] United States Patent No. US 7,794,542 disclos-
es a method of making a bulk single crystal GaN which
comprises depositing a layer of single crystal GaN on a
substrate and then removing the substrate from the layer
of single crystal GaN.
[0010] United States Patent Application Publication
No. US 2005/0072353 A1 discloses a method of manu-
facturing GaN-based single crystal substrate.
[0011] MISKYS C R ET AL: "Freestanding GaN-sub-
strates and devices", 2003-09-01, XP009119960 dis-
closes forming a thick GaN layer by HVPE on a sapphire
substrate from which it is then separated, preferably by
laser lift-off, this then serving as a homosubstrate for
GaN-based devices.

SUMMARY OF THE INVENTION

[0012] Example embodiments provide methods of
growing a nitride semiconductor that may reduce crack
generation and/or propagation or bowings due to the
presence of a tensile stress caused by a difference in a
lattice constant or a thermal expansion coefficient when
the nitride semiconductor is grown on a substrate.
[0013] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
example embodiments.
[0014] According to an aspect of the invention, there
is provided a method of growing a nitride semiconductor
layer according to claim 1.
[0015] The first nitride semiconductor may be grown
on the substrate at the first temperature equal to or higher
than 950°C, and the substrate may be removed at the
second temperature equal to or higher than 400°C. The
first nitride semiconductor is gallium nitride. The reactor
may be a hydride vapor phase epitaxy (HVPE) reactor,
the substrate may be prepared in the HVPE, and the first
nitride semiconductor may be grown using HVPE.
[0016] The first nitride semiconductor may be grown
on the substrate at the first temperature ranging from
about 950°C to about 1100°C.
[0017] A buffer layer is formed on the substrate before
growing the first nitride semiconductor, and the first ni-
tride semiconductor is grown on the buffer layer. The
substrate is removed by etching. The substrate may be
etched after growing the first nitride semiconductor, and
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the first nitride semiconductor may have a thickness
ranging from about 1 mm to about several mm. The sub-
strate may be etched using an HCI gas in the reactor.
The HCI gas may have a partial pressure ranging from
about 1% to about 100%.
[0018] The substrate may be etched until an N-face
surface of the first nitride semiconductor is exposed. The
substrate may be removed at the second temperature
ranging from about 400°C to about 1100°C. The sub-
strate may be etched during or after growing the first ni-
tride semiconductor. Etching the substrate may include
moving the substrate from the reactor to another cham-
ber after growing the first nitride semiconductor and etch-
ing the substrate.
[0019] A buffer layer is formed on the substrate before
growing the first nitride semiconductor, and the first ni-
tride semiconductor is grown on the buffer layer. The
buffer layer is formed using any one of metal chemical
vapor deposition (MOCVD), sputtering, and HVPE. Ac-
cording to the invention, the buffer layer is formed of at
least one of TaN and TiN. The buffer layer may have a
thickness ranging from about 10 nm to about 3 mm. The
buffer layer may have a 3-fold symmetrical crystal struc-
ture.
[0020] The first and second nitride semiconductors
may form a nitride semiconductor layer used as a free-
standing nitride semiconductor substrate. The nitride
semiconductor layer may have a thickness ranging from
1 mm to 3 mm and a diameter ranging from 10 mm to 46
cm (18 inches).
[0021] According to example embodiments, a nitride
semiconductor wafer may include at least one nitride
semiconductor layer, wherein the at least one nitride
semiconductor layer may be grown at a first temperature
on a substrate that is prepared in a reactor, the substrate
having a thermal expansion coefficient different from a
thermal expansion coefficient of the at least one nitride
semiconductor layer, and the substrate may be removed
at a second temperature.
[0022] The first temperature may be equal to or higher
than about 950°C and the second temperature may be
equal to or higher than about and about 400°C. The at
least one nitride semiconductor layer may include a first
nitride semiconductor layer that is grown before the sub-
strate is removed. The first nitride semiconductor layer
may be grown by using hydride vapor phase epitaxy
(HVPE), and the first temperature may range from about
950°C to about 1100°C. The at least one nitride semi-
conductor layer may further include a second nitride sem-
iconductor layer that is grown on the first nitride semi-
conductor layer after the substrate is removed.
[0023] The second nitride semiconductor layer may
have a thickness equal to or greater than about 10 mm.
A thickness of the first nitride semiconductor layer may
range from about 1 mm to about several mm. The second
temperature may range from about 400°C to about
1100°C. According to the invention, the at least one ni-
tride semiconductor layer is a gallium nitride semicon-

ductor layer.
[0024] According to the method, because cracks or
bowings occurring due to a tensile stress caused by a
difference in a lattice constant or a thermal expansion
coefficient when a nitride semiconductor is grown on a
substrate are reduced, a high-quality freestanding nitride
semiconductor substrate may be manufactured.
[0025] Embodiments may enable a high-quality GaN
wafer to be manufactured. Embodiments may enable the
removal of a tensile stress and a bowing on a GaN layer
due to in-situ etching of a silicon substrate in an HVPE
reactor when GaN is grown on the silicon substrate.
[0026] Also, because a silicon substrate is inexpensive
and has a relatively large diameter, embodiments may
enable a large-diameter GaN wafer to be manufactured
at a lower cost.

BRIEF DESCRIPTION OF THE EMBODIMENTS

[0027] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIGS. 1A through 4 are cross-sectional views for ex-
plaining a method of growing a nitride semiconduc-
tor, according to example embodiments;
FIGS. 5 and 6 are cross-sectional views illustrating
a freestanding nitride semiconductor substrate (a ni-
tride semiconductor wafer) manufactured by using
the method of FIGS. 1A through 4, according to em-
bodiments of the present invention;
FIG. 7 is an image illustrating a GaN buffer layer
grown on a silicon substrate by using hydride vapor
phase epitaxy (HVPE), according to example em-
bodiments;
FIG. 8 is a cross-sectional view illustrating a layer
structure in which the buffer layer and a first nitride
semiconductor layer are formed on a substrate, ac-
cording to example embodiments;
FIG. 9 is a graph illustrating a relationship between
a stress of a GaN layer grown on a silicon (Si) sub-
strate by using HVPE and a bowing of a GaN/Si tem-
plate, and a temperature;
FIG. 10 is a graph illustrating a relationship between
an etch rate of silicon in an HVPE reactor and an
HCI partial pressure at a temperature of about
1050°C;
FIG. 11 is a graph illustrating a relationship between
a thickness of silicon and an etching time when an
HCI partial pressure at a temperature of about
1050°C is 10 %; and
FIG. 12 illustrate a relationship between a blowing
of a GaN thick film and a thickness of a silicon sub-
strate when GaN having a thickness of 300 mm is
grown on the silicon substrate having a thickness of
about 450 mm and then the silicon substrate is etched
by using an HCI in an HVPE reactor.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0028] Example embodiments will hereinafter be de-
scribed in further detail with reference to the accompa-
nying drawings, in which various embodiments are
shown. This disclosure may, however, be embodied in
many different forms and should not be construed as
limited to example embodiments set forth herein. The
invention is defined in the appended claims. In the draw-
ings, the thicknesses of layers and regions are exagger-
ated for clarity. Like reference numerals in the drawings
denote like elements, and thus their description will be
omitted.
[0029] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers
and/or sections are not to be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another ele-
ment, component, region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teach-
ings of example embodiments.
[0030] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of example embodiments. As used
herein, the singular forms "a," "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises", "comprising", "includes"
and/or "including," if used herein, specify the presence
of stated features, integers, steps, operations, elements
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components and/or groups there-
of.
[0031] Example embodiments are described herein
with reference to cross-sectional illustrations that are
schematic illustrations of idealized embodiments (and in-
termediate structures) of example embodiments. As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodi-
ments are not to be construed as limited to the particular
shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from man-
ufacturing. For example, an implanted region illustrated
as a rectangle may have rounded or curved features
and/or a gradient of implant concentration at its edges
rather than a binary change from implanted to non-im-
planted region. Likewise, a buried region formed by im-
plantation may result in some implantation in the region
between the buried region and the surface through which
the implantation takes place. Thus, the regions illustrated
in the figures are schematic in nature and their shapes
are not intended to illustrate the actual shape of a region

of a device and are not intended to limit the scope of
example embodiments.
[0032] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which example embodiments belong. It
will be further understood that terms, such as those de-
fined in commonly-used dictionaries, is to be interpreted
as having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0033] In a method of growing a gallium nitride semi-
conductor according to example embodiments, a thick
nitride semiconductor may be grown without cracks
caused due to a difference in a lattice constant and/or a
thermal expansion coefficient between a gallium nitride
semiconductor and a heterogeneous silicon substrate,
by using, for example, hydride vapor phase epitaxy
(HVPE).
[0034] In order to grow a nitride semiconductor, a sub-
strate is prepared in a reactor, a first nitride semiconduc-
tor is stacked on the substrate, and then the substrate is
etched in the reactor by using in-situ etching. After the
etching process, a second nitride semiconductor layer is
additionally stacked on the first nitride semiconductor that
is preliminarily stacked to obtain a nitride semiconductor
layer having a desired thickness. According to the meth-
od, a tensile stress caused by the presence of a differ-
ence in a thermal expansion coefficient and/or a lattice
constant between the gallium nitride semiconductor
(GaN) and a material (silicon) of the substrate is removed
or reduced, and thus a high-quality freestanding gallium
nitride semiconductor substrate may be obtained.
[0035] Example embodiments will hereinafter be de-
scribed in further detail with reference to the accompa-
nying drawings, in which various embodiments are
shown. In the drawings, the thicknesses of layers and
regions are exaggerated for clarity.
[0036] FIGS. 1A through 4 are cross-sectional views
for explaining a method of growing a nitride semiconduc-
tor, according to example embodiments.
[0037] FIGS. 1A through 1C illustrate a process of pre-
paring a substrate 1 on which a nitride semiconductor is
grown in a reactor where a process for growing a nitride
semiconductor is implemented. FIGS. 2, 3A, and 3B il-
lustrate a process of forming a first nitride semiconductor
20 on the substrate 1 and removing the substrate 1. FIG.
4 illustrates a process of further forming a second nitride
semiconductor 30 on the first nitride semiconductor 20
to obtain a nitride semiconductor layer 100 with a desired
thickness.
[0038] Referring to FIG. 1A, the substrate 1 is a silicon
substrate. For example, the substrate 1 may be a silicon
substrate having a thickness ranging from about 100 mm
to about 1000 mm and a diameter ranging from about 10
mm to about 46 cm (18 inches). The nitride semiconduc-
tor layer 100 which may be applied to a freestanding ni-
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tride semiconductor substrate 200 of FIG. 4 may be man-
ufactured by using the substrate 1 as shown in FIG. 1A.
Therefore, the nitride semiconductor layer 100 may have
a size corresponding to the size of the substrate 1. For
example, a thickness of the nitride semiconductor layer
100 may in a range from about 1 mm to about 3 mm, and
a diameter may be in a range from about 10 mm to about
46 cm (18 inches). The freestanding nitride semiconduc-
tor substrate 200 including the nitride semiconductor lay-
er 100 may be used as a nitride semiconductor wafer. A
diameter or a thickness of the nitride semiconductor layer
100, that is, the freestanding nitride semiconductor sub-
strate 200, manufactured by using the method may vary
as desired.
[0039] A buffer layer 10 is formed on the substrate 1
as shown in FIG. 1B. The buffer layer 10 may be used
to prevent or inhibit cracks or meltback. Meltback refers
to a phenomenon where silicon diffuses into GaN to etch
a surface of a silicon substrate when the silicon and the
GaN directly contact each other.
[0040] According to the invention, the buffer layer 10
is formed of at least one of TaN and TiN. In embodiments,
which are not part of the present invention, the buffer
layer 10 may be formed of at least one of AIN, HfN, GaN
or AlGaN. That is, the buffer layer 10 may be formed to
include a nitride semiconductor. Also, the buffer layer 10
may be formed to have a multi-layer structure by using
the above materials. The buffer layer 10 may be formed
to a thickness ranging from, for example, about 10 nm
to about 3 mm. The buffer layer 10 may be formed to
have a 3-fold symmetrical crystal structure for epitaxial
growth of the first gallium nitride semiconductor 20, GaN,
which is to be subsequently grown on the buffer layer 10.
The buffer layer 10 is formed by using any one of metal
organic chemical vapor deposition (MOCVD), sputtering,
and HVPE.
[0041] When the buffer layer 10 is formed by using
MOCVD or sputtering, the buffer layer 10 may be formed
on the substrate 1 in a MOCVD or sputtering reactor, and
the substrate 1 may be mounted in a reactor 5 as shown
in FIG. 1C. A process for growing a nitride semiconductor
on the substrate 1 may be implemented in the reactor 5
(hereafter, the term "reactor" refers to, unless noted oth-
erwise, the reactor 5 where a nitride semiconductor is
grown). The substrate 1 used to stack a nitride semicon-
ductor may be prepared in the reactor 5, and the first
nitride semiconductor 20 may be grown on the buffer
layer 10 by stacking the nitride semiconductor as shown
in FIG. 2.
[0042] When the buffer layer 10 is formed by using
HVPE, the buffer layer 10 may be formed after mounting
the substrate 1 in the reactor 5 in FIG. 1A or 1B. There-
fore, the substrate 1 for stacking a nitride semiconductor
may be prepared in the reactor 5, and the nitride semi-
conductor may be stacked in the reactor 5. Alternatively,
the buffer layer 10 may be formed on the substrate 1 by
using HVPE in a separated reactor and move the sub-
strate 1 with the buffer layer 10 into the reactor 5 for

growing a nitride semiconductor, or forming the buffer
layer 10 on the substrate 1 and growing a nitride semi-
conductor on the buffer layer may be conducted in the
same reactor, that is, the reactor 5, with different proc-
esses. When the reactor 5 has a configuration that allows
MOCVD or sputtering, the buffer layer 10 may be formed
by using MOCVD or sputtering when the substrate 1 is
mounted in the reactor 5. FIG. 7 is an image illustrating
a GaN buffer layer grown on a silicon substrate by using
HVPE, according to example embodiments, which are
no part of the present invention.
[0043] As described above, the substrate 1 may be
prepared in the reactor 5, and the first gallium nitride sem-
iconductor 20, GaN, may be preliminarily stacked on the
substrate 1 to a predetermined or given thickness, as
shown in FIG. 2. The reactor 5 may be an HVPE reactor,
and the first nitride semiconductor 20 may be stacked by
using HVPE. For example, in the HVPE reactor, GaCI
may be generated by reacting HCI with Ga metal and the
first GaN may be preliminarily stacked on the buffer layer
10 by reacting the GaCI with NH3.
[0044] In example embodiments, the first nitride sem-
iconductor 20 may be stacked at a temperature ranging
from about 950°C to about 1100°C. Also, the first nitride
semiconductor 20 may be preliminarily stacked to a thick-
ness ranging, for example, from about 1 mm to about
several mm, e.g., from several mm to several tens of mm.
[0045] FIG. 8 is a cross-sectional view illustrating a lay-
er structure in which the buffer layer 10 and the first nitride
semiconductor 20 are formed on the substrate 1, accord-
ing to example embodiments.
[0046] Referring to FIG. 8, a silicon substrate whose
orientation is (111) may be used as the substrate 1. The
buffer layer 10 may have a 3-layer structure including,
for example, a AIN layer, an AlxGa1-xN layer, and a GaN
layer, by using MOCVD. The first nitride semiconductor
20 may be formed of GaN to a thickness of, for example,
about 450 mm, at a growth temperature of about 1050°C,
by using HVPE.
[0047] Referring to FIGS. 3A and 3B, as described
above, a relatively thin freestanding nitride semiconduc-
tor substrate structure from which the substrate 1 is re-
moved may be obtained by removing, for example, etch-
ing, the substrate 1 in a state where the first nitride sem-
iconductor 20 is preliminarily stacked.
[0048] FIGS. 3A and 3B are cross-sectional views for
explaining methods of removing the substrate 1 in a state
where the first nitride semiconductor 20 is stacked, ac-
cording to example embodiments.
[0049] Referring to FIG. 3A, the substrate 1 may be
removed in the reactor 5 by using in-situ etching. That
is, the substrate 1 may be removed by using etching in
the reactor 5 where the first nitride semiconductor 20 is
grown.
[0050] Referring to FIG. 3B, the substrate 1 may be
removed in a separate etching chamber 9, instead of
being removed in the reactor 5 by using in-situ etching.
That is, after the substrate 1 on which the first nitride
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semiconductor 20 is stacked is moved to the etching
chamber 9, the substrate 1 may be removed by perform-
ing etching in the etching chamber 9. A stack structure
including the first nitride semiconductor 20 after the sub-
strate 1 is removed may be moved back to the reactor 5
to grow a second nitride semiconductor 30 on the first
nitride semiconductor 20.
[0051] The substrate 1 may be etched at a temperature
equal to or higher than about 400°C. For example, the
substrate 1 may be etched at a temperature ranging from
about 400°C to about 1100°C.
[0052] When the second nitride semiconductor 30, for
example, second GaN, is additionally stacked on the first
nitride semiconductor 20 that is preliminarily stacked as
shown in FIG. 4, the nitride semiconductor layer 100 with
a desired thickness may be obtained. The nitride semi-
conductor layer 100 obtained after the second nitride
semiconductor 30 is additionally stacked may be used
as the freestanding nitride semiconductor substrate 200,
that is, a nitride semiconductor wafer, as shown in FIG.
5. For example, a GaN layer with a desired thickness
obtained by additionally stacking the second GaN after
removing the substrate 1 on the first GaN that is formed
before the substrate 1 is removed (that is, etched) may
be used as a freestanding GaN substrate (a GaN wafer).
[0053] In example embodiments, the freestanding ni-
tride semiconductor substrate 200 may include the buffer
layer 10 as shown in FIG. 5. If necessary, the freestand-
ing nitride semiconductor substrate 200 may not include
the buffer layer 10. The buffer layer 10 may be removed
after the substrate 1 is etched or after completing the
process for stacking the nitride semiconductor layer 100.
[0054] The substrate 1 may be removed after growing
the first nitride semiconductor 20 up to a thickness rang-
ing from about 1 mm or about several mm, for example,
a thickness of several mm or several tens of mm.
[0055] The substrate 1 may be etched at a temperature
ranging from, for example, about 400°C to about 1100°C,
by using an HCI gas in the reactor 5 or the etching cham-
ber 9. A partial pressure of the HCI gas may be in a range
from about 1 % to about 100 %. The substrate 1 may be
etched in the reactor 5 where the first nitride semicon-
ductor 20 is grown as described with reference to FIG.
3A, or may be etched in the etching chamber 9 as de-
scribed with reference to FIG. 3B. The substrate 1 may
be etched until an N-face surface of the first nitride sem-
iconductor 20 is exposed, thereby the substrate may be
removed completely.
[0056] When the substrate 1 is etched in the reactor
5, the substrate 1 may be etched when a nitride semi-
conductor stops growing. Alternatively, the substrate 1
may be etched at the same time as a nitride semicon-
ductor is grown. That is, at the same time as the first
nitride semiconductor 20 is preliminarily stacked to a pre-
determined or given thickness and the nitride semicon-
ductor continues to be stacked, the substrate 1 may be
etched. The substrate 1 may be etched at the same time
as the nitride semiconductor continues to be stacked be-

cause the substrate 1 is etched in the reactor 5 by using
in-situ etching.
[0057] Additionally, the second nitride semiconductor
30 may be grown directly on the first nitride semiconduc-
tor 20 that is preliminarily stacked in the reactor 5 by
using HVPE to a thickness, for example, equal to or great-
er than at least 10 mm, for example, a range from about
hundreds of mm to about several mm. For example, when
the substrate 1 that is a silicon substrate is completely
etched, the second GaN may be additionally grown up
to a thickness of about 400 mm.
[0058] Although the first nitride semiconductor 20 is
preliminarily stacked and then the second nitride semi-
conductor 30 is additionally stacked after or at the same
time as the substrate 1 is etched as illustrated in FIGS.
1A through 4, example embodiments are not limited
thereto and the nitride semiconductor layer 100 may be
grown in various other ways.
[0059] For example, a nitride semiconductor layer 100’
may be formed by preliminarily stacking the first nitride
semiconductor 20 on the substrate 1 to a desired thick-
ness and then etching the substrate 1, so that a free-
standing nitride semiconductor substrate 200’ as shown
in FIG. 6 may be manufactured without stacking the sec-
ond nitride semiconductor 30. That is, the freestanding
nitride semiconductor substrate 200’ may be formed to
include only the first nitride semiconductor 20 that is pre-
liminarily stacked without including the second nitride
semiconductor 30 that is additionally stacked on the first
nitride semiconductor 20. In example embodiments, the
freestanding nitride semiconductor substrate 200’ may
include the buffer layer 10 as shown in FIG. 6. In example
embodiments, a process of stacking a nitride semicon-
ductor may be stopped or performed at the same time
as the substrate 1 is etched.
[0060] Also, although the second nitride semiconduc-
tor 30 that is additionally stacked has a thickness greater
than that of the first nitride semiconductor 20 in FIGS. 4
and 5, example embodiments are not limited thereto and
the second nitride semiconductor 30 that is additionally
stacked may have a thickness less than that of the first
nitride semiconductor 20.
[0061] Accordingly, the nitride semiconductor layer
100 or 100’, that is, the freestanding nitride semiconduc-
tor substrate 200 or 200’, which is obtained by prelimi-
narily stacking the first nitride semiconductor 20 and ad-
ditionally stacking the second nitride semiconductor 30,
or obtained only by preliminarily stacking the first nitride
semiconductor 20 without additionally stacking the sec-
ond nitride semiconductor 30 may have a thickness rang-
ing from, for example, about 1 mm to about 10 mm. The
freestanding nitride semiconductor layer 100 or 100’, that
is, the freestanding nitride semiconductor substrate 200
or 200’, manufactured by the method of growing accord-
ing to example embodiments may be formed to have a
thickness suitable for a required diameter.
[0062] According to the invention, the first gallium ni-
tride semiconductor 20 is stacked on a silicon substrate.
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According to embodiments, which are not part of the
present invention, in order to grow the freestanding ni-
tride semiconductor substrate 200 or 200’, for example,
a freestanding GaN semiconductor substrate, other
types of substrates, for example, a sapphire substrate,
instead of the silicon substrate may be used as the sub-
strate 1.
[0063] FIG. 9 is a graph illustrating a relationship be-
tween a stress of a GaN layer grown on a silicon (Si)
substrate by using HVPE and a bowing of a GaN/Si tem-
plate, and a temperature. In FIG. 9, a thick GaN layer is
intrinsically compressed at a growth temperature due to
a stress on a thin GaN/Si template. When it is assumed
that the stress is -20 MPa, the graph shows results ob-
tained by simulating a stress of the GaN layer and a bow-
ing of the GaN/Si template during cooling after the thick
GaN layer is grown.
[0064] Referring to FIG. 9, during the cooling after the
thick GaN layer is grown, there is no stress at a temper-
ature of about 1000°C due to a difference between ther-
mal expansion coefficients of GaN and Si, and a tensile
stress applied to the thick GaN layer is gradually in-
creased.
[0065] A bowing of the GaN/Si changes in a similar
fashion. A convex bowing occurs at a temperature equal
to or higher than about 850°C, and a concave bowing
occurs at a temperature lower than 850°C. Accordingly,
a size of a bowing increases as a temperature decreases.
[0066] If the thick GaN layer is grown on a silicon sub-
strate and then the silicon substrate is not removed at a
temperature equal to or higher than 400°C, cracks may
occur in freestanding GaN. According to the results of
the simulation, a tensile stress applied to the thick GaN
layer at a temperature of 400°C is about 67 MPa. The
value 67 MPa is about 1/3 of 200 MPa which is a yield
stress when a compressive stress is applied to the thick
GaN layer. The value 67 MPa is almost the same as a
yield stress at which cracks occur when a tensile stress
is applied.
[0067] FIG. 10 is a graph illustrating a relationship be-
tween an etch rate of silicon in an HVPE reactor and an
HCI partial pressure at a temperature of about 1050°C.
FIG. 11 is a graph illustrating a relationship between a
thickness of silicon and an etching time when an HCI
partial pressure and an operating temperature are about
10 % and about 1050°C respectively.
[0068] As shown in FIGS. 10 and 11, the etch rate may
increase as the HCI partial pressure increases, and the
thickness of the silicon may decrease as the etching time
increases.
[0069] FIG. 12 illustrates a relationship between a de-
gree of a bowing of a GaN film and a remaining thickness
of a silicon substrate. The GaN having a thickness of 300
mm is grown on the silicon substrate which has a thick-
ness of about 450 mm. The silicon substrate is etched by
using an HCI in HVPE reactor. Referring to FIG. 12, the
bowing of the GaN film may decrease as the thickness
of the silicon substrate is decreased through the HCI

etching, because reduction in the thickness of the sub-
strate decreases thermally induced tensile stress level.
That is, in-situ etching of a silicon substrate in the exam-
ple embodiments enables a freestanding GaN substrate
to be grown up to a relatively thick thickness by removing
or lowering thermally induced stress in a GaN substrate.
[0070] According to the aforementioned method of
growing the nitride semiconductor layer 100 or 100’, a
high-quality GaN wafer may be manufactured. A tensile
stress and a bowing on a GaN layer may be removed
due to in-situ etching of a silicon substrate in an HVPE
reactor when GaN is grown on the silicon substrate.
[0071] Also, because a silicon substrate is inexpensive
and has a relatively large diameter, a large-diameter GaN
wafer may be manufactured at a lower cost.
[0072] For example, a nitride semiconductor wafer,
e.g., a GaN wafer, having a thickness ranging from about
1 mm to about 3 mm and a diameter ranging from about
10 mm to about 45.72 cm (18 inches) may be manufac-
tured by using a silicon substrate having a thickness rang-
ing from about 100 mm to about 1000 mm and a diameter
ranging from about 10 mm to about 45.72 cm (18 inches).
[0073] It should be understood that example embodi-
ments described therein should be considered in a de-
scriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each example
embodiment should typically be considered as available
for other similar features or aspects in other example
embodiments.

Claims

1. A method of growing a gallium nitride semiconductor
layer, the method comprising:

preparing a silicon substrate (1) in a reactor;
growing a first gallium nitride semiconductor
(20) on the substrate at a first temperature, the
first gallium nitride semiconductor having a ther-
mal expansion coefficient different from a ther-
mal expansion coefficient of the silicon sub-
strate; and
removing by etching the silicon substrate at a
second temperature;
the method comprising forming a buffer layer
(10) on the silicon substrate before the growing
the first gallium nitride semiconductor,
wherein the growing of the first gallium nitride
semiconductor includes growing the first gallium
nitride semiconductor on the buffer layer,
wherein the forming of the buffer layer includes
using any one of metal chemical vapor deposi-
tion, MOCVD, sputtering, and hydride vapor
phase epitaxy, HVPE,
and wherein the buffer layer is formed of at least
one of TaN and TiN.
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2. The method of claim 1, wherein the buffer layer has
a thickness ranging from 10 nm to 3 mm.

3. The method of claim 1 or 2, wherein the growing of
the first gallium nitride semiconductor includes grow-
ing the first gallium nitride semiconductor on the sil-
icon substrate at the first temperature equal to or
higher than 950°C, and the removing the substrate
by etching includes removing the substrate at the
second temperature equal to or higher than 400°C.

4. The method of claim 1, 2 or 3, wherein the reactor
is a HVPE reactor, the preparing a silicon substrate
includes preparing the substrate in the HVPE reac-
tor, and the growing of the first gallium nitride sem-
iconductor includes growing the first nitride semicon-
ductor using HVPE, and wherein the growing of the
first gallium nitride semiconductor includes growing
the first gallium nitride semiconductor on the silicon
substrate at the first temperature ranging from 950°C
to 1100°C.

5. The method of claim 1, further comprising stacking
a second gallium nitride semiconductor (30) on the
first gallium nitride semiconductor (20) after the re-
moving the silicon substrate (1), wherein the stacking
of the second gallium nitride semiconductor (30) in-
cludes stacking gallium nitride having a thickness
equal to or greater than 10 mm.

6. The method of any preceding claim, wherein the
etching of the silicon substrate (1) includes etching
the substrate after the growing of the first nitride sem-
iconductor, the first nitride semiconductor having a
thickness ranging from 1 mm to several mm.

7. The method of any preceding claim, wherein the
etching of the silicon substrate (1) includes using an
HCI gas in the reactor, the HCI gas having a partial
pressure ranging from 1% to 100% of the total pres-
sure.

8. The method of any of claims 1 to 5, wherein the etch-
ing of the silicon substrate (1) includes etching the
substrate until an N-face surface of the first gallium
nitride semiconductor is exposed; or etching the sub-
strate during or after the growing the first gallium
nitride semiconductor; or moving the substrate from
the reactor to another chamber after the growing of
the first gallium nitride semiconductor and the etch-
ing of the substrate.

9. The method of any preceding claim, wherein the sec-
ond temperature ranges from 400°C to 1100°C.

10. The method of any preceding claim, wherein the buff-
er layer has a 3-fold symmetrical crystal structure.

11. The method of claim 5, wherein the growing of the
first gallium nitride semiconductor and the stacking
of the second gallium nitride semiconductor forms a
gallium nitride semiconductor layer used as a free-
standing nitride semiconductor substrate.

12. The method of claim 11, wherein the forming of the
gallium nitride semiconductor layer includes forming
the gallium nitride semiconductor layer having a
thickness ranging from 1 mm to 3 mm and a diameter
ranging from 10 mm to 45.72 cm.

Patentansprüche

1. Verfahren zum Aufwachsen einer Galliumnitridhalb-
leiterschicht, wobei das Verfahren Folgendes um-
fasst:

ein Vorbereiten eines Silikonsubstrats (1) in ei-
nem Reaktor;
ein Aufwachsen eines ersten Galliumnitridhalb-
leiters (20) auf dem Substrat bei einer ersten
Temperatur, wobei der erste Galliumnitridhalb-
leiter einen Wärmeausdehnungskoeffizienten
aufweist, der sich von einem Wärmeausdeh-
nungskoeffizienten des Silikonsubstrats unter-
scheidet; und ein Entfernen durch Ätzen des Si-
likonsubstrats bei einer zweiten Temperatur,
wobei das Verfahren ein Formen einer Puffer-
schicht (10) auf dem Silikonsubstrat vor dem
Aufwachsen des ersten Galliumnitridhalbleiters
umfasst,
wobei das Aufwachsen des ersten Galliumnit-
ridhalbleiters ein Aufwachsen des ersten Galli-
umnitridhalbleiters in der Pufferschicht beinhal-
tet,
wobei das Formen der Pufferschicht ein Ver-
wenden eines aus chemischer Metalldampfab-
scheidung, MOCVD, Sputtern und Hydrid-
dampfphasenepitaxie, HVPE, beinhaltet,
und wobei die Pufferschicht aus mindestens ei-
nem aus TaN und TiN geformt ist.

2. Verfahren nach Anspruch 1, wobei die Pufferschicht
eine Dicke aufweist, die von 10 nm bis 3 mm reicht.

3. Verfahren nach Anspruch 1 oder 2, wobei das Auf-
wachsen des ersten Galliumnitridhalbleiters ein Auf-
wachsen des ersten Galliumnitridhalbleiters auf dem
Silikonsubstrat bei der ersten Temperatur gleich
oder höher als 950°C beinhaltet, und das Entfernen
des Substrats durch Ätzen ein Entfernen des Sub-
strats bei der zweiten Temperatur gleich oder höher
als 400°C beinhaltet.

4. Verfahren nach Anspruch 1, 2 oder 3, wobei der Re-
aktor ein HVPE-Reaktor ist, das Vorbereiten des Si-
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likonsubstrats ein Vorbereiten des Substrats im HV-
PE-Reaktor beinhaltet und das Aufwachsen des ers-
ten Galliumnitridhalbleiters ein Aufwachsen des ers-
ten Nitridhalbleiters mithilfe von HVPE beinhaltet
und wobei das Aufwachsen des ersten Galliumnit-
ridhalbleiters ein Aufwachsen des ersten Galliumni-
tridhalbleiters auf dem Silikonsubstrat bei der ersten
Temperatur im Bereich von 950°C bis 1100°C bein-
haltet.

5. Verfahren nach Anspruch 1, ferner umfassend ein
Stapeln eines zweiten Galliumnitridhalbleiters (30)
auf dem ersten Galliumnitridhalbleiter (20) nach dem
Entfernen des Silikonsubstrats (1), wobei das Sta-
peln des zweiten Galliumnitridhalbleiters (30) ein
Stapeln von Galliumnitrid mit einer Dicke gleich oder
größer 10 mm beinhaltet.

6. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das Ätzen des Silikonsubstrats (1) ein
Ätzen des Substrats nach dem Aufwachsen des ers-
ten Nitridhalbleiters beinhaltet, wobei der erste Nit-
ridhalbleiter eine Dicke im Bereich von 1 mm bis meh-
rere mm aufweist.

7. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das Ätzen des Silikonsubstrats (1) ein
Verwenden eines HCl-Gases im Reaktor beinhaltet,
wobei das HCl-Gas einen Teildruck im Bereich von
1 % bis 100 % des Gesamtdrucks aufweist.

8. Verfahren nach einem der Ansprüche 1 bis 5, wobei
das Ätzen des Silikonsubstrats (1) ein Ätzen des
Substrats, bis eine N-flächige Oberfläche des ersten
Galliumnitridhalbleiters freiliegt, oder ein Ätzen des
Substrats während oder nach dem Aufwachsen des
ersten Galliumnitridhalbleiters, oder ein Bewegen
des Substrats vom Reaktor zu einer anderen Kam-
mer nach dem Aufwachsen des ersten Galliumnit-
ridhalbleiters und dem Ätzen des Substrats beinhal-
tet.

9. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die zweite Temperatur im Bereich von
400°C bis 1100°C liegt.

10. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Pufferschicht eine 3-fache symmet-
rische Kristallstruktur aufweist.

11. Verfahren nach Anspruch 5, wobei das Aufwachsen
des ersten Galliumnitridhalbleiters und das Stapeln
des zweiten Galliumnitridhalbleiters eine Galliumni-
tridhalbleiterschicht formt, die als ein freistehendes
Nitridhalbleitersubstrat verwendet wird.

12. Verfahren nach Anspruch 11, wobei das Formen der
Galliumnitridhalbleiterschicht ein Formen der Galli-

umnitridhalbleiterschicht mit einer Dicke im Bereich
von 1 mm bis 3 mm und einem Durchmesser im Be-
reich von 10 mm bis 45,72 cm beinhaltet.

Revendications

1. Méthode de culture d’une couche de semi-conduc-
teur en nitrure de gallium, la méthode comprenant :

la préparation d’un substrat de silicium (1) dans
un réacteur ;
la culture d’un premier semi-conducteur en ni-
trure de gallium (20) sur le substrat à une pre-
mière température, un coefficient de dilatation
thermique du premier semi-conducteur en nitru-
re de gallium étant différent d’un coefficient de
dilatation thermique du substrat de silicium ; et
l’enlèvement par décapage du substrat de sili-
cium à une deuxième température ;
la méthode comprenant la constitution d’une
couche tampon (10) sur le substrat de silicium
avant la culture du premier semi-conducteur en
nitrure de gallium,
la culture du premier semi-conducteur en nitrure
de gallium comprenant la culture du premier
semi-conducteur en nitrure de gallium sur la
couche tampon,
la constitution de la couche tampon comprenant
l’utilisation d’un quelconque des suivants : dé-
pôt en phase vapeur par procédé chimique or-
ganométallique, MOCVD, pulvérisation, et épi-
taxie en phase vapeur hydrure, HVPE, et
la couche tampon étant composée d’au moins
un des suivants : TaN et TiN.

2. Méthode selon la revendication 1, l’épaisseur de la
couche tampon mesurant de 10 nm à 3 mm.

3. Méthode selon la revendication 1 ou 2, la culture du
premier semi-conducteur en nitrure de gallium com-
prenant la culture du premier semi-conducteur en
nitrure de gallium sur le substrat de silicium à la pre-
mière température égale ou supérieure à 950 °C, et
l’enlèvement du substrat par décapage comprenant
l’enlèvement du substrat à la deuxième température
égale ou supérieure à 400 °C.

4. Méthode selon la revendication 1, 2 ou 3, le réacteur
étant un réacteur HVPE, la préparation d’un substrat
de silicium comprenant la préparation du substrat
dans le réacteur HVPE, et la culture du premier semi-
conducteur en nitrure de gallium comprenant la cul-
ture du premier semi-conducteur en nitrure de gal-
lium avec l’HVPE, et la culture du premier semi-con-
ducteur en nitrure de gallium comprenant la culture
du premier semi-conducteur en nitrure de gallium
sur le substrat de silicium à la première température
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comprise entre 950 °C et 1100 °C.

5. Méthode selon la revendication 1, comprenant en
outre l’empilage d’un deuxième semi-conducteur en
nitrure de gallium (30) sur le premier semi-conduc-
teur en nitrure de gallium (20) après avoir enlevé le
substrat de silicium (1), l’empilage du deuxième
semi-conducteur en nitrure de gallium (30) compre-
nant l’empilage de nitrure de gallium d’une épaisseur
égale ou supérieure à 10 mm.

6. Méthode selon une quelconque des revendications
précédentes, le décapage du substrat de silicium (1)
comprenant le décapage du substrat après la culture
du premier semi-conducteur en nitrure, l’épaisseur
du premier semi-conducteur en nitrure mesurant de
1 mm à plusieurs mm.

7. Méthode selon une quelconque des revendications
précédentes, le décapage du substrat de silicium (1)
comprenant l’emploi d’un gaz HCl dans le réacteur,
le gaz HCl présentant une pression partielle compri-
se entre 1 % et 100 % de la pression totale.

8. Méthode selon une quelconque des revendications
1 à 5, le décapage du substrat de silicium (1) com-
prenant le décapage du substrat jusqu’à ce qu’une
surface à face N du premier semi-conducteur en ni-
trure de gallium soit exposée ; ou
le décapage du substrat au cours de la culture du
premier semi-conducteur en nitrure de gallium, ou
après ; ou
le déplacement du substrat du réacteur à une autre
chambre après la culture du premier semi-conduc-
teur en nitrure de gallium et le décapage du substrat.

9. Méthode selon une quelconque des revendications
précédentes, la deuxième température est comprise
entre 400 °C et 1100 °C.

10. Méthode selon une quelconque des revendications
précédentes, la couche tampon présente une struc-
ture cristalline symétrique à trois plis.

11. Méthode selon la revendication 5, la culture du pre-
mier semi-conducteur en nitrure de gallium et l’em-
pilage du deuxième semi-conducteur en nitrure de
gallium forment une couche de semi-conducteur en
nitrure de gallium utilisée comme un substrat semi-
conducteur en nitrure autonome.

12. Méthode selon la revendication 11, la constitution
de la couche du semi-conducteur en nitrure de gal-
lium comprend la constitution de la couche du semi-
conducteur en nitrure de gallium mesurant de 1 mm
à 3 mm d’épaisseur et de 10 mm à 45,72 cm de
diamètre.
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