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SINGLE CRYSTAL SILICON CARBIDE AND
METHOD FOR PRODUCING THE SAME

On the other hand, in case of the LPE method, there is less
generation of micropipe defects, crystal defects, etc., as
observed in the sublimation and recrystallization method, and
single crystal SiC is obtained that is superior in quality in
comparison with that produced by the sublimation and
recrystallization method. However, as shown with black triangular marks in FIG. 6, the growth rate is very low as 10
micrometer/hr or less because the rate of the growth process
is influenced by the solubility of C in the Si melt. Therefore,
the productivity of single crystal SiC is low and the temperature of the liquid phase in the production apparatus must be
accurately controlled. In addition, the production process is
complicated and the production cost of single crystal SiC is
very high. A method of mixing transition metal such as Sc in
the Si melt may be adopted so that the solubility of C in the Si
melt is increased to promote the growth rate. In this case,
however, because the transition metal is taken in the growing
crystal as impurities, the purity is deteriorated. Thus, single
crystal SiC fully satisfactory in quality and performance can
not be obtained. In the growth process, as shown with square
marks in FIG. 6, the solubility of C in the Si melt is increased
by mixing Sc in. However, there is a problem that the productivity of single crystal SiC is very low in comparison with the
sublimation and recrystallization method.
The present invention has been made in view of the abovedescribed problems and aims to provide high-quality, highperformance single crystal SiC in which generation of
micropipe defects, interface defects, etc., is less and which
has a broad terrace and high surface flatness.

TECHNICAL FIELD
5

The present invention relates to single crystal silicon carbide, more specifically, to single crystal silicon carbide used
in broad fields as semiconductor devices such as light-emitting diodes, power devices, high-frequency devices, and environment-resistant devices.

10

BACKGROUND ART
Silicon carbide (hereinafter referred to as SiC) is superior
in heat resistance and mechanical strength, besides it has 15
good resistance to radiation. Further, it is easy to perform
valence control of electrons and holes by doping with impurities. Furthermore, SiC has a wide band gap, for example,
single crystal 6H SiC has a band gap of about 3.0 eV and
single crystal 4H SiC has a band gap of 3.3 eV. Therefore, it 20
is possible to realize high temperature, high frequency, withstand voltage, and environmental resistance properties, which
can not be realized by any existing semiconductor material
such as silicon (hereinafter referred to as Si) and gallium
arsenide (hereinafter referred to as GaAs). SiC attracts atten- 25
tion and is expected as a semiconductor material for nextgeneration power devices and high-frequency devices. On the
other hand, hexagonal SiC has a lattice constant close to that
of gallium nitride (hereinafter referred to as GaN) and is
expected as a substrate for GaN.
30
Conventionally, single crystal SiC of this type is produced
by a sublimation and recrystallization method (modified Lely
method) in which a seed crystal is fixedly placed on the
lower-temperature side in a graphite crucible and SiC powder
as a raw material is inserted in the higher-temperature side, 3 5
and then the interior of the graphite crucible is heated to a high
temperature of 1450 to 2400 degrees C. in an inert atmosphere, and thereby the SiC powder is sublimated and recrystallized on a surface of the seed crystal on the lower-temperature side to grow a single crystal. Otherwise, single crystal 40
SiC is produced by an liquid phase epitaxial growth method
(hereinafter referred to as LPE method) in which Si melt is put
in a crucible containing carbon (hereinafter referred to as C)
atoms, and then the Si melt is heated to the crystal growth
temperature by heating the crucible and a single crystal SiC 45
substrate supported by a holder or the like is dipped in a
low-temperature region in the Si melt for a certain time, and
thereby C as a constituent element of the crucible is dissolved
in the Si melt and single crystal SiC produced by reaction
between Si and C is epitaxially grown on a surface of the so
single crystal SiC substrate.
In the above-described conventional growth methods,
however, in case of the sublimation and recrystallization
method, although the growth rate is very high as several
hundreds micrometer/hr, the SiC powder is once decomposed 55
into Si, SiC 2 , and Si 2 C upon sublimation to evaporate, and
further they react with part of the graphite crucible. Therefore, gas that reaches the surface of the seed crystal varies in
kind in accordance with a change in temperature. It is technically very difficult to stoichiometrically accurately control 60
the partial pressures of them. In addition, impurities are easy
to mix in, and crystal defects, micropipe defects, etc., are apt
to be generated under the influence of distortion caused by the
mixed impurities or heat. Further, there is generation of grain
boundaries caused by generation of many nuclei. Thus, there 65
is a problem that single crystal SiC stable in performance and
quality can not be obtained.

DISCLOSURE OF THE INVENTION
Single crystal SiC according to the present invention is
single crystal SiC formed by a liquid phase epitaxial method
by forming a very thin Si melt layer in a local region, i.e., at
the interface between a monocrystal substrate and a polycrystal substrate, and characterized in that there are no fine grain
boundaries and the density of micropipe defects in a surface
is not more than 1/cm 2
Because there are no fine grain boundaries in the growth
crystal and the density ofmicropipe defects in a surface is not
more than 1/cm 2 it is possible to efficiently use formed single
crystal SiC, and application as various semiconductor devices
is possible. Micropipe defects are also called pin holes, which
are tubular spaces each having a diameter of several micrometer or less and extending along the growth direction of the
crystal.
In single crystal SiC according to the present invention,
said surface has an atomic order step as the minimum unit of
a three-molecular layer, and a broad terrace, and a width of
said terrace is not less than 10 micrometer.
Because the width of the terrace is not less than 10
micrometer, there is no need of surface treatment by mechanical processing or the like. Therefore, it is possible to make a
production not through any processing step.
In single crystal SiC according to the present invention,
said surface is a (0001) Si plane.
Because the orientation of the surface is a (0001) Si plane,
the surface energy is low in comparison with a (0001) C
plane. Therefore, the nucleus formation energy in growth is
high and nuclei are hard to form. For the above reason, single
crystal SiC having a broad terrace can be obtained after liquid
phase growth.
Single crystal SiC according to the present invention is
liquid-phase-epitaxially grown on a single crystal SiC substrate in a state wherein said single crystal SiC substrate as a
seed crystal and a polycrystal SiC substrate are piled up, they
.

,
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are put in a closed container made of graphite, high-temperature heat treatment is then performed to interpose metallic Si
melt between said single crystal SiC substrate and said polycrystal SiC substrate, and an evaporation part of said melt
itself and a difference quantity between an amount of Si fed
from said polycrystal SiC substrate and Si consumption consumed in epitaxial growth of single crystal SiC are supplied
from a Si source separately placed.
Upon heat treatment, by the capillary phenomenon, wetness of Si permeates anywhere in the interface between the
single crystal SiC substrate and the polycrystal SiC substrate
to form a very thin metallic Si melt layer. C atoms having
flown out of the polycrystal SiC substrate are supplied to the
single crystal SiC substrate through the Si melt layer to liquidphase-epitaxially grow as single crystal SiC on the single
crystal SiC substrate. Therefore, induction of defects can be
suppressed from the beginning to the end of the growth. In
addition, because there is no need of treatment by dipping in
melted Si as in a conventional method, the amount of removal
of Si melted and having adhered to the single crystal SiC
substrate as a seed crystal and the polycrystal SiC substrate is
very little.
In addition, because the very thin metallic Si melt layer is
interposed between the single crystal SiC substrate and the
polycrystal SiC substrate upon heat treatment, only metallic
Si necessary for epitaxial growth of single crystal SiC can be
used for liquid phase epitaxial growth of single crystal SiC.
Therefore, in the thin Si layer upon heat treatment, the contact
area with the exterior is the minimum. Thus, the possibility of
entrance of impurities is reduced and highly pure single crystal SiC can be formed.
In addition, because the very thin metallic silicon melt
layer is interposed with supplying a Si source, the thickness of
formed single crystal SiC can be controlled into a prescribed
thickness.
In single crystal SiC according to the present invention, a
thickness of said very thin metallic silicon melt layer is not
more than 50 micrometer.
Because the very thin metallic Si melt layer interposed
between the single crystal SiC substrate and the polycrystal
SiC substrate upon heat treatment is 50 micrometer or less,
preferably, 30 micrometer or less, C dissolved from the polycrystal SiC substrate is transported by diffusion onto the
surface of the single crystal SiC substrate to promote the
growth of single crystal SiC. If the thickness of said very thin
metallic silicon melt layer is 50 micrometer or more, the
metallic silicon melt layer is unstable, and transportation of C
is hindered. This is unsuitable for the growth of single crystal
SiC according to the present invention.
In single crystal SiC according to the present invention,
there is formed no temperature difference between said single
crystal SiC substrate and said polycrystal SiC substrate upon
said high-temperature heat treatment.
Because there is formed no temperature difference
between the single crystal SiC substrate and the polycrystal
SiC substrate, heat treatment can be performed in a thermal
equilibrium condition. In addition, because the metallic melt
layer is thin, heat convection is suppressed. Further, because
formation of nuclei is suppressed upon heat treatment, generation of fine grain boundaries in the formed single crystal
SiC can be suppressed. In addition, a simple heat treat apparatus can be used. Besides, because there is no need of strict
temperature control upon heating, remarkable reduction of
manufacture cost can be made.
Single crystal SiC according to the present invention is
usable as a single crystal SiC body and a surface epitaxial
growth layer of single crystal SiC.

Because single crystal SiC having an arbitrary thickness
can be formed, application to a single crystal SiC body and a
surface epitaxial growth layer is possible.
In single crystal SiC according to the present invention, a
5 group III metal is added so that the conductivity is controlled
into p-type.
By adding aluminum (hereinafter referred to as Al) or
boron (hereinafter referred to as B) as group III metal, or a
gaseous compound containing it, for example, trimetylalumi10 num (hereinafter referred to as TMA1), triethylaluminum
(hereinafter referred to as TEAl), 13 2 H 6 , etc., the conductivity
of the formed single crystal SiC can be controlled into p-type.
In single crystal SiC according to the present invention, a
group V element is added so that the conductivity is con15 trolled into n-type.
By adding nitrogen (hereinafter referred to as N) as a group
V element, the conductivity of single crystal SiC can be
controlled into n-type. As a method for adding, upon heat
treatment, N 2 gas is introduced into the closed container made
20
of graphite. Otherwise, silicon nitride (hereinafter referred to
as Si 3 N4 is placed together with Si within the closed container made of graphite. An arbitrary method can be adopted.
In a method for producing single crystal silicon carbide,
wherein a single crystal silicon carbide substrate as a seed
25
crystal and a polycrystal silicon carbide substrate are piled up,
very thin metallic Si melt layer is interposed between said
single crystal silicon carbide substrate and said polycrystal
silicon carbide substrate, they are placed in a closed container
made of graphite, and high-temperature heat treatment is then
30
performed with supplying, from a Si source separately
placed, an evaporation part of the melt itself and a difference
part of the amount of Si fed from the polycrystal SiC substrate
from Si consumed in epitaxial growth of single crystal SiC so
that single crystal silicon carbide is liquid-phase-epitaxially
35
grown on said single crystal silicon carbide substrate.
By this method, because there is no need of treatment by
dipping in melted Si, there is no permeation of excessive Si
between the single crystal SiC substrate and the polycrystal
SiC substrate.
40
In addition, by this method, entrance of impurities upon
heat treatment can be suppressed and highly pure single crystal SiC can be formed. In addition, by separately supplying
the Si source for liquid phase epitaxial growth of single crystal SiC, evaporation of very thin metallic Si can be suppressed
to form single crystal SiC having an arbitrary thickness.
In the production of single crystal SiC according to the
present invention, in the used single crystal SiC substrate as a
seed crystal, a (0001) Si plane of 6H SiC is preferably used.
50 In addition, the polycrystal SiC substrate preferably has a
mean grain size of 5 micrometer to 10 micrometer and it is
preferably substantially even in grain size. Thus, the crystal
structure of the polycrystal SiC substrate is not particularly
limited and any of 3C—SiC, 4H—SiC, and 6H—SiC can be
used.
In the method for producing single crystal silicon carbide
according to the present invention, a group III metal is added
in one or both of said polycrystal SiC substrate and very thin
metallic Si melt layer so that the conductivity of single crystal
60 SiC liquid-phase-epitaxially grown on said single crystal SiC
substrate is controlled into p-type.
Upon heat treatment, a gaseous compound containing Al,
B, or the like, as a group III metal, for example, TMA1, TEAl,
B 2 H 61 orthe like, is supplied into the closed containermade of
65 graphite. Or, by beforehand adding Al, B, or the like, as a
group III metal, in one or both ofthe polycrystal SiC substrate
or very thin metallic Si melt layer, the additive is supplied into
)
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formed single crystal SiC upon liquid phase epitaxial growth
so that the conductivity of the single crystal SiC can be
controlled.
In the method for producing single crystal silicon carbide
according to the present invention, a group V element is added 5
in one or both of said polycrystal SiC substrate and very thin
metallic Si melt layer so that the conductivity of single crystal
SiC liquid-phase-epitaxially grown on said single crystal SiC
substrate is controlled into n-type.
By supplying Si 3 N4 or N 2 gas as a group V element or a 10
gaseous compound containing a group V element, upon heat
treatment together with a Si source, the conductivity of single
crystal SiC can be controlled into n-type.
Thus, by adequately selecting a group III metal or a gaseous compound containing a group III metal, or a group V 15
element or a gaseous compound containing a group V element, as an additive to be added upon high-temperature heat
treatment, the conductivity of single crystal SiC can be controlled into p- or n-type.
20

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a sectional view illustrating an example of a heat
treat furnace used in a producing method of single crystal SiC
according to the present invention. 25
FIG. 2 is a sectional view illustrating a heat treat furnace for
explaining an example of another producing method of single
crystal SiC according to the present invention.
FIGS. 3 are microphotographs of a surface of a growth
layer of single crystal SiC according to this embodiment. (a) 30
is a microphotograph showing the surface morphology and
(b) is a microphotograph showing its section.
FIGS. 4 are AFM images of a surface of single crystal SiC
illustrated in FIG. 3.
In FIGS. 4, (a) is anAFM image ofthe surface morphology 35
and (b) is an AFM image showing its section.
FIGS. 5 are views for explaining the step-bunching mechanism in the growth process of single crystal SiC according to
this embodiment.
FIG. 6 is a graph showing a comparison in growth rate 40
between single crystal SiC according to the present invention
and single crystal SiC according to conventional LPE methods.
FIGS. 7 show cathode luminescence measurement results
of a growth layer of single crystal SiC doped with impurities 45
according to this embodiment.
In FIGS. 7, (a) is a graph showing the measurement results
and (b) is a diagram showing the energy levels.
BEST FORM FOR CARRYING OUT THE
INVENTION

50

Hereinafter, single crystal SiC according to the present
invention will be described with reference to FIGS. 1 and 2
using examples different in manner of interposing very thin 55
metallic Si melt between monocrystal and polycrystal SiC
substrates.
Hereinafter, single crystal SiC according to the present
invention will be described with reference to FIGS. 1 and 2
using examples different in manner of interposing very thin 60
metallic Si melt layer between single crystal and polycrystal
SiC substrates.
FIG. 1 is a schematic sectional view of a heat treat furnace
used for growing single crystal SiC according to the present
invention. In FIG. 1, reference numeral 1 denotes a single 65
crystal 6H SiC substrate as a seed crystal. Reference
numerals 2 and denote polycrystal SiC substrates sandwich-

ing the single crystal SiC substrate 1. Reference numeral 4
denotes metallic Si. Reference numeral 7 denotes a Si piece
for controlling sublimation of SiC upon heat treatment. Reference numeral 10 denotes a crucible made of graphite. Reference numeral 11 denotes an upper cover. Reference
numeral 12 denotes a soaking case.
As illustrated in FIG. 1, the single crystal SiC substrate 1,
polycrystal SiC substrates 2 and 3, and metallic Si 4 are put on
a SiC ring 6 with an interposed graphite sheet 5. They are
accommodated in a hermetic closed container constructed by
an upper cover 9 and a crucible 8 each made of graphite. The
single crystal SiC substrate 1 was cut out into a desired size of
10 multiplied by 10 to 20 multiplied by 20 mm from a wafer
of single crystal 6H SiC made by a sublimation method. As
the polycrystal SiC substrates 2 and 3 usable are those cut out
into a prescribed size from SiC used as a dummy wafer in a
manufacturing process of a Si semiconductor made by a CVD
method. The surface of each of the substrates 1, 2, and 3 has
been polished into a mirror surface, and oils, oxide films,
metals, etc., having adhered to the surface have been removed
by washing or the like. The lower polycrystal SiC substrate 3
is for preventing the single crystal SiC substrate 1 from being
eroded from the graphite crucible 8. It contributes an
improvement in quality of single crystal SiC that is LPEgrown on the single crystal SiC substrate 1.
Further, the graphite crucible 8 is placed within the graphite crucible 10 together with Si pieces 7 for controlling sublimation of SiC and evaporation of Si upon heat treatment.
The Si pieces 7 are sublimated upon heat treatment to increase
the partial pressure of SiC and the partial pressure of Si in the
graphite crucible 10. They contribute prevention of sublimation of the single crystal SiC substrate 1, polycrystal SiC
substrates 2 and 3, and very thin metallic Si placed within the
graphite crucible 8. The graphite crucible 10 is sealed with the
upper cover 11 made of graphite, and then placed within the
soaking case 12. It is accommodated within the heat treat
furnace to suffer heat treatment. In the heat treat furnace of
this embodiment, because there is no need of formation of
temperature difference between the single crystal SiC substrate 1 and the polycrystal SiC substrates 2 and 3, no accurate
temperature control in the furnace is required. Any of a highfrequency furnace, a resistance superheating furnace, etc.,
can be used. Thus, the form of the treat furnace is not particularly limited.
After the gas in the furnace is replaced by reducing gas,
heat treatment is performed in the reducing gas atmosphere.
The temperature of heat treatment suffices if the metallic Si 4
can be melted at the temperature. It is 1450 degrees C. or
more, preferably, 2000 to 2300 degrees C. As the treatment
temperature increases, the wettability between melted Si and
SiC is more improved and the melted Si becomes easy to
permeate between the single crystal SiC substrate 1 and the
polycrystal SiC substrate 2 by the capillary phenomenon.
Thus, very thin metallic Si melt layer having a thickness of 50
micrometer or less can be interposed between the single crystal SiC substrate 1 and the polycrystal SiC substrate 2. The
treatment time can be adequately selected such that the produced single crystal SiC has a desired thickness. If a large
amount of metallic Si 4 is placed on the polycrystal SiC
substrate 2, the quantity of the metallic Si 4 melted upon heat
treatment increases. If the thickness of the metallic Si melt is
50 micrometer or more, the metallic Si melt becomes
unstable, and transportation of C. is hindered. It is unsuitable
for growth of single crystal SiC according to the present
invention. In addition, Si unnecessary for formation of single
crystal SiC is melted and collected in the bottom portion of
the graphite crucible 8, and there arises necessity for remov-

US 7,527,869 B2
7

8

ing metallic Si having solidified again after formation of
because the temperature of heat treatment is controlled and a
single crystal SiC. Therefore, the size and thickness of the
Si source for growth of single crystal SiC is separately supmetallic Si 4 are adequately selected in accordance with the
plied, the thickness of single crystal SiC can be controlled by
size of single crystal SiC to be formed. As will be described
keeping very thin metallic Si melt layer for a longtime. This
later, in case of increasing the thickness of single crystal SiC 5 makes it possible to freely produce from an epitaxial growth
to be formed, separate metallic Si as a supply source of Si in
layer of single crystal SiC to a bulk body of single crystal SiC.
the graphite crucible 8 can be provided in a graphite crucible
As a Si supply source, other than the method of accommoor the like, which is accommodated within the graphite crudating separate metallic Si within the same graphite crucible
cible 8 to suffer heat treatment.
as in this embodiment, it is also possible to externally supply
The growth mechanism of single crystal SiC will be 10 Si-base gas. Besides, as a Si supply source, as illustrated in
FIG. 1 as described above, metallic Si can be put on the
described in brief. Attendant upon heat treatment, melted Si
permeates between the single crystal SiC substrate 1 and the
polycrystal SiC substrate 2.
upper polycrystal SiC substrate 2 to form a Si melt layer
FIG. 3 are microphotographs showing a surface condition
having a thickness of about 30 micrometer to 50 micrometer
of single crystal SiC grown by the above-described method.
at the interface between both substrates 1 and 2. The Si melt 15 In FIG. 3, (a) is a microphotograph showing the surface
layer becomes thinner to about 30 micrometer as the temperamorphology and (b) is a microphotograph showing its secture of heat treatment increases. C atoms flowing out of the
tion. As shown in FIG. 3, in the growth surface of the crystal
polycrystal SiC substrate 2 are supplied to the single crystal
by the LPE method, a very flat terrace and a step structure are
SiC substrate 1 through the Si melt layer, so that single crystal
observed.
6H SiC grows on the single crystal SiC substrate 1 by the 20
FIG. 4 show results of observing the surface with an atomic
liquid phase epitaxial growth (hereinafter referred to as LPE).
force microscope (hereinafter referred to as AFM). As
Because the interval between the single crystal SiC substrate
observed in FIG. 4, it is understood that the heights of steps
1 as a seed crystal and the polycrystal SiC substrate 2 is thus
are 4.0 nm and 8.4 mu, respectively. These are integral times
narrow, there is generated no heat convection upon heat treatthe height of a three-molecular layer of a SiC molecule,
ment. Therefore, the interface between formed single crystal 25 one-molecular layer of which has a height of 0.25 mu. Thus,
SiC and the single crystal SiC substrate 1 as a seed crystal is
it is understood that the surface is very flat.
very smooth, and distortion or the like is not formed in the
In addition, as understood also from the microphotograph
interface. Thus, very smooth single crystal SiC is formed. In
of the surface morphology in FIGS. 3, no micropipe defects
addition, because generation of nuclei of SiC is suppressed
are observed in the surface. From these, in single crystal SiC
upon heat treatment, generation of fine grain boundaries in 30 according to the present invention, it is understood that the
formed single crystal SiC can be suppressed. In the growth
density ofmicropipe defects formed in the surface is very low
method of single crystal SiC according to this embodiment,
as 1/cm 2 or less, the width of the terrace formed in the surface
because melted Si permeates only between the single crystal
is large as 10 micrometer or more, and the terrace is flat and
SiC substrate 1 and the polycrystal SiC substrate 2, no other
has less defects.
impurities permeate in growing single crystal SiC. Thus, 35
In general, epitaxial growth of a crystal progresses onehighly pure single crystal SiC can be produced.
molecular layer by one-molecular layer. In single crystal SiC
On the other hand, as the method of interposing very thin
according this embodiment, however, its surface is constimetallic Si melt layer between the single crystal SiC substrate
tuted by a broad terrace of 10 micrometer or more and steps
1 and the polycrystal SiC substrate 2, the method illustrated in
each having a height as the minimum unit of a three-molecuFIG. 2 is also possible. In FIG. 2, the same components as in 40 lar layer. From this, it is thinkable that step bunching occurs in
FIG. 1 are denoted by the same reference numerals as in FIG.
the process of crystal growth. The step-bunching mechanism
1 and the detailed description thereof is omitted.
can be explained by the effect of surface free energy in crystal
As illustrated in FIG. 2, metallic Si 15 having a thickness of
growth. In single crystal 6H SiC according to this embodiabout 30 micrometer to 50 micrometer is interposed in
ment, there are two kinds of layer period directions of ABC
advance on the surface of the single crystal SiC substrate 1 as 45 and ACB in a unit layer period. Therefore, by numbering the
a seed crystal. As a method of interposing, a film may be
layers as 1, 2, and 3 from each layer at which the layered
formed on the surface of the single crystal SiC substrate 1 by
direction changes, three kinds of surfaces can be defined as
CVD or the like, or Si powder may be put on the surface. The
illustrated in FIG. 5. The energy of each surface has been
method is not particularly limited. In addition, a graphite
obtained as follows (T. Kimoto et al., J. Appl. Phys. 81(1997)
crucible 13 charged with metallic Si 14 is accommodated in 50 3494-3500):
the graphite crucible 8. The amount of metallic Si 14 is
6H1=1.33 meV
6H2=6.56 meV
adequately controlled such that formed single crystal SiC has
a desired thickness.
6H3=2.34 meV.
As illustrated in FIG. 2, because metallic Si 15 having a
Because the energy thus varies from surface to surface, the
thickness of about 30 micrometer to 50 micrometer is inter- 55 rate of the terrace expansion varies. That is, the higher the
posed in advance on the surface of the single crystal SiC
surface free energy of the surface is, the higher the rate of the
substrate 1 as a seed crystal, by heat treatment of 1450 degrees
growth of the terrace is. Thus, as illustrated in FIGS. 5(a), (b),
C or more, preferably, 2000 to 2300 degrees C., the wettabiland (c), step bunching occurs in each three periods. In addiity between the metallic Si interposed in advance and the
tion, in this embodiment, it is thinkable that the number of
single crystal SiC substrate 1 is improved, and single crystal 60 dangling bonds exposed from the step surface varies step by
SiC is formed on the single crystal SiC substrate 1. In this
step due to the difference in layer period, i.e., ABC orACB,
embodiment, because metallic Si 14 as a Si supply source is
and step bunching further occurs in a unit of three molecules
separately accommodated within the graphite crucible 8, the
due to the difference in the number of dangling bonds
metallic Si 14 evaporates upon heat treatment and permeates
exposed from the step end. It is thinkable that the advancing
between the polycrystal SiC substrate 2 and formed single 65 rate of one step is low at where one dangling bond is exposed
crystal SiC to supplement evaporation of Si melt and work as
from the step, and high at where two dangling bonds are
a new Si source for growth of single crystal SiC. Thus,
exposed. Thus, in 6H SiC, it is thinkable that step bunching
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progresses in a unit of height semi-integral times the lattice
constant, and after growth, the surface of single crystal SiC is
covered with steps each having the minimum unit of a threemolecular layer and a flat terrace.
As described above, in single crystal SiC according to this
embodiment, its terrace is formed by step bunching. Therefore, steps are formed to be concentrated in the vicinity of an
end of single crystal SiC. In FIGS. 3 and 4 as described above,
an end portion of single crystal SiC was observed for observing the step portions.
In addition, in single crystal SiC in this embodiment, the
growth temperature is very high as 2000 degrees C. in comparison with the growth temperature of conventional single
crystal SiC. As the growth temperature is raised, the solubility
of C in Si melt formed between the single crystal SiC as a seed
crystal and the polycrystal SiC increases. In addition, it is
thinkable that the diffusion of C in the Si melt increases as the
temperature is raised. Because the supply source of C and the
seed crystal are thus very close to each other, a high growth
rate as 500 micrometer/hr can be realized as shown with black
circular marks in FIG. 6.
From FIG. 6, it is understood that there is a tendency that
the growth rate can be approximated with a straight line in the
whole temperature range. In the tendency, however, it is
understood that the gradient in the higher-temperature portion is gentler than that in the lower-temperature portion. In
addition, it has been reported that the activation energy of the
growth rate varies in accordance with the disposition direction of the seed substrate. Thus, in the solution growth of SiC,
a large number of factors, i.e., the diffusion process of C in Si
melt, the diffusion process of C in the substrate surface, the
desolvation process of C, and the process of being taken in a
crystal as SiC, are complicatedly intertwined.
As a growth driving force in solution growth, oversaturation occurs due to the difference between the equilibrium
concentration C of the crystal at the growth temperature and
the concentration C of the melt on the crystal surface, and the
crystal growth progresses. In melt growth of SiC, in general,
oversaturation is produced by setting the seed substrate at a
low temperature to make Cc lower than the raw material as a
supply source of C. In the present invention, however,
because no temperature difference is made between the single
crystal SiC substrate as a seed crystal and the polycrystal SiC
substrate as a supply source of C, the growth direction can be
independent of temperature difference. Thus, it is understood
that the oversaturation degree as a driving force for crystal
growth is not given by the temperature difference between the
raw material and the growing crystal. Therefore thinkable is
the equilibrium concentration in the crystal surface dependent upon difference inpolymorph and crystal size. The vapor
pressure of SiC varies in accordance with polymorph. The
vapor pressure of 3C SiC is higherthan that of 6H SiC. In
addition, decomposition is suppressed in the range of the
larger crystal size of a polycrystal. It is thinkable that the
quantity of SiC solved in the Si melt varies due to the difference in surface energy caused by the crystal size. Therefore,
it is thinkable that the equilibrium concentration C36H of
6HSiC and the equilibrium concentration CjOZY of the polycrystal board differs from each other and a relation of:
Ct" less than

CLiqid

less than Cr'

is effected, where represents the concentration of C in
Si melt. The difference between C6H and CPOZY generates
oversaturation to progress the growth. Therefore, it is thinkable that the oversaturation caused by the difference in equilibrium concentration between the polycrystal and the seed

substrate is the growth driving force of single crystal SiC
according to this embodiment. Thus, at the growth temperature, it is thinkable that C of the polycrystal SiC substrate is
decomposed and dissolved in the Si melt, diffused on the
5 surface of the single crystal SiC substrate as a seed crystal,
performs desolvation on the single crystal SiC substrate
through surface diffusion, and taken in the crystal.
As described above, in single crystal SiC according to this
embodiment, the density ofmicropipe defects in the surface is
10 1/cm 2 or less, and a terrace having a large width of 10
micrometer or more is formed. Therefore, there is required no
surface treatment such as mechanical processing after the
formation of single crystal SiC. Besides, because there is less
crystal defects and the like, it is usable for light-emitting
15 diodes and various semiconductor diodes. In addition,
because the growth of the crystal depends upon not temperature but the surface energies of the seed crystal and the crystal
of the supply source of C, there is no need of strict temperature control in the treat furnace. This makes it possible to
20 considerably reduce the manufacturing cost. Further, because
the interval between the single crystal SiC as a seed crystal
and the polycrystal SiC as a supply source of C. is very
narrow, heat convection upon heat treatment can be suppressed. Besides, because a temperature difference is hard to
25 be generated between the single crystal SiC as a seed crystal
and the polycrystal SiC as a supply source of C, heat treatment can be performed in a thermal equilibrium state.
Although 6H SiC is used as a seed crystal in this embodiment, 4H SiC is also usable.
30 In addition, in single crystal SiC according to the present
invention, the size of single crystal SiC to be formed can be
controlled by adequately selecting the sizes of the single
crystal SiC as a seed crystal and the polycrystal SiC substrate
as a supply source of C. In addition, because no distortions are
35 formed between formed single crystal SiC and the seed crystal, single crystal SiC having a very smooth surface can be
produced. This makes it possible to apply single crystal SiC
according to the present invention to a surface refining film
Further, by applying heat treatment by the above-described
40 method in a state wherein single crystal SiC as a seed crystal
and polycrystal SiC as a supply source of C are alternately
piled up or laterally arranged, a large amount of single crystal
SiC can be produced at once.
In addition, in a producing method of single crystal SiC
45 according to the present invention, the conductivity of p-type
orn-type of the growth crystal can be arbitrarily controlled by
beforehand adding impurities of group III metal such as Al or
B in the polycrystal SiC substrate and metallic Si, or introducing gas containing an element such as nitrogen, Al, or B in
50 the atmosphere in growth for controlling the conductivity of

sic.

FIGS. 7 show cathode luminescence measurement results
of LPE-grown single crystal SiC, using the SiC ring 6 (see
FIG. 1), in which B has been added, for supporting the single
55 crystal SiC substrate 1 as a seed crystal and the polycrystal
SiC substrates 2 and 3. FIG. 7(a) shows results of measurement of emission spectrum from a growth crystal excited by
an electron beam when the electron beam of an acceleration
voltage of 25 kVwas applied to a surface of single crystal SiC
60 at a measurement temperature of 100k. FIG. 7(b) is a diagram
typically showing band bonding in single crystal SiC for
explaining the emission spectrum of FIG. 7(a).
As shown in FIG. 7, in single crystal SiC according to this
embodiment, peaks appear at optical energy positions of 3.07
65 eV, 2.99 eV, 2.93 eV, 2.73 eV, 2.65 eV, 2.59 eV, 2.48 eV, 2.40
eV, and 2.34 eV. In other words, it is understood that light
emissions having the respective energies occur. The light
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emission of each energy can be explained as follows as shown
in FIG. 7(b). The light emission at 3.07 eV shows a light
emission between the conduction band and the valence band.
The light emission at 2.99 eV shows a light emission between
a donor level ED1 and the valence band. The light emission at 5
2.93 eV shows a light emission between a donor level ED2 and
the valence band. The light emission at 2.73 eV shows a light
emission between the conduction band and an acceptor level
EA 1. The light emission at 2.65 eV shows a light emission
between the donor level ED1 and the acceptor level EA1. The 10
light emission at 2.59 eV shows a light emission between the
donor level ED2 and the acceptor level EL The light emission at 2.48 eV shows a light emission between the conduction band and an acceptor level E,2. The light emission at
2.40 eV shows alight emission between the donor level ED1 15
and the acceptor level E,2. The light emission at 2.34 eV
shows a light emission between the donor level ED2 and the
acceptor level E,2. Thus, emissions different in energy occur
and each impurity level can be clearly defined. This shows
that the producing method of single crystal SiC according to 20
this embodiment is superior in control of implantation positions of added impurities. That is, it shows that the conductivity of single crystal SiC can be easily controlled to either of
p-type and n-type.
INDUSTRIAL APPLICABILITY
According to the present invention, local liquid phase epitaxial growth can be performed at a high temperature in the
same environment as a conventional high-temperature heat
treat environment such as the sublimation method. Therefore,
micropipe defects contained in the seed crystal are not succeeded and closure ofmicropipe defects can be performed. In
addition, because the growing surface is always in contact
with Si melt, a state of an excess of Si is formed. Therefore,
generation of defects caused by lack of Si can be suppressed.
In addition, because the contact area of the used Si melt with
the exterior is very small, mix of impurities in the growing

25

30

35

surface can be suppressed. Thus, high-quality, high-performance single crystal SiC with high purity superior in crystallinity can be grown. Besides, because this growth method can
realize growth at a very high temperature in comparison with
the conventional LPE method, the growth rate can be remarkably improved in comparison with the conventional LPE
method. This can make the growth efficiency of high-quality
single crystal SiC very high. Further, there is no need of strict
temperature gradient control upon single crystal growth, and
it is possible to use a simple apparatus. From these, it can be
promoted to put to practical use single crystal SiC that is
superior in high temperature, high frequency, withstand voltage, and environmental resistance properties in comparison
with any existing semiconductor material such as Si and
GaAs, and expected as a semiconductor material for power
devices and high-frequency devices.
The invention claimed is:
1. A silicon carbide single crystal, comprising:
a terrace of more than 10 micrometer in width, and
no fine grain boundaries of the threading screw dislocation
type
wherein
the silicon carbide single crystal is epitaxial to a surface of
an on-axis (0001) Si plane of a seed silicon carbide
single crystal.
2. A method for the preparation of a single crystal silicon
carbide bulk body comprising employing the single crystal
silicon carbide according to claim 1 as a surface epitaxial
growth layer of the single crystal silicon carbide bulk body.
3. The silicon carbide single crystal according to claim 1,
further comprising a group III metal, wherein a p-type conductivity is obtained.
4. The silicon carbide single crystal according to claim 1,
further comprising a group V element, wherein a n-type conductivity is obtained.

