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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of production of a silicon carbide single crystal, more particularly
relates to a method of production of a silicon carbide single crystal by the solution method.

BACKGROUND ART

[0002] Silicon carbide (SiC) is promising as a semiconductor material more advantageous than silicon (Si). That is, if
using silicon carbide for a semiconductor material, the withstand voltage is higher and the heat resistance is better than
with silicon, so there are the advantages of a possibility of an increase in the voltage used, a reduction in loss, a reduction
in size of the semiconductor chip, etc.
[0003] However, use for a semiconductor chip requires a high quality SiC single crystal greatly reduced in mozaicity,
dislocation, and other faults. Further, from the viewpoints of the source material yield and production efficiency, it is
important that large single crystals be able to be produced in a short time.
[0004] To obtain a single crystal of a compound which will not congruently melt (having no liquid phase state) like
silicon carbide, the sublimation method and solution method are used.
[0005] The sublimation method is a method of causing a precipitating substance to subliminate at a high temperature
part and precipitate from the vapor phase onto a seed crystal arranged at a low temperature part. The Acheson method,
Lely method, and improved Lely method are representative methods of the same. However, since the substance is
precipitated from a very thin phase, these are disadvantageous in the point of a low precipitation rate and, further, the
problem of unavoidable formation of micropipe defects since the growth mechanism is a flank mechanism of spiral
growth from the steps of the surroundings of spiral dislocations.
[0006] On the other hand, the solution method is a method of sufficiently dissolving a precipitating substance in a
solvent at a high temperature part and causing a supersaturated state on a seed crystal arranged at a low temperature
part to cause precipitation. The top-seeded solution growth (TSSG) method is representative of this. As one example
of the solution method, Japanese Unexamined Patent Publication (Kokai) No. 2000-264790 discloses a method of
dissolving a material including at least one type of transition metal element, silicon, and carbon by heating to form a melt
and cooling this melt so cause precipitation and growth of a silicon carbide single crystal. According to the solution
method, the solute concentration of the solvent can be adjusted, so the above problems of the vapor phase method can
be solved, but the concentration gradient fluctuates according to the precipitated location due to the following reasons,
so it is extremely difficult to obtain a uniform state of growth.

(1) The growth rate is still slow (0.1 mm/h or so). The growth rate can be accelerated by means such as making the
concentration gradient near the precipitating parts sharp, but the precipitation state would become unstable and a
high quality single crystal would not be able to be grown.
(2) The temperature gradient changes along with changes in the shape of the workpiece (heated object, including
the source material (or crucible), solvent, seed crystal, support rod, etc.) or amount of source material charged. That
is, in the temperature gradient, rather than control at the system side; the position and shape of the workpiece or
heat source is a greater control factor, so obtaining a desired temperature gradient requires repeated calculation at
the design stage and measurement of actual temperatures. Naturally, if the shape of the heated object is changed,
the temperature gradient will change as well. The relative position with the heat source therefore has to be adjusted
by trial and error.
(3) Achieving a uniform in-plane temperature distribution vertical to the crystal growth axis is difficult. The reasons
are that any heating is from the outside surface of the workpiece and that the substance acting as the heat medium
is a fluid such as a vapor phase or liquid phase and therefore convection affects the temperature distribution.

[0007] As a result, with a method of production of a silicon carbide single crystal by the conventional solution method,
there were limits to improvement of the yield by increasing the size of the bulk single crystal.
[0008] On the other hand, silicon carbide single crystal is not only used in the bulk state. It also has a high value of
use for semiconductor devices as the thin film formed on the surface of a seed crystal (so-called "epitaxial film"). In the
past, in general, such a silicon carbide thin film has been formed by causing vapor phase growth by the chemical vapor
deposition (CVD) method using silane and propane as the silicon source and carbon source. However, there were the
defects of faults present in the seed crystal used as the substrate in the epitaxial growth from the vapor phase, in
particular, in the case of silicon carbide, micropipes formed from the large Burgers vector hollow spiral dislocations,
being passed along to the epitaxial growth film.
[0009] Therefore, with a silicon carbide single crystal thin film obtained by the conventional vapor phase growth, there
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were limits to the increase in quality through the reduction of faults.

DISCLOSURE OF THE INVENTION

[0010] An object of the present invention is to provide a method of production of a silicon carbide single crystal enabling
fast, stable, and continuous growth of a high quality silicon carbide single crystal and enabling both an increase in size
of the bulk single crystal and an improvement of quality of a thin film single crystal.
[0011] To attain the above object, according to a first aspect of the present invention, there is provided a method of
production of a silicon carbide single crystal by precipitation from a solution using a temperature gradient furnace giving
a temperature gradient to a columnar workpiece in its longitudinal direction, comprising using as the temperature gradient
furnace a temperature gradient furnace provided with heat insulating walls surrounding an outer circumference of the
columnar workpiece, a heating unit for heating a bottom end of the columnar workpiece through a heating susceptor,
and a cooling unit for cooling a top end of the columnar workpiece through a cooling susceptor; stacking, inside the
furnace in order from the bottom, a source material rod comprised of silicon carbide, a solvent, a seed crystal, and a
support rod supporting the seed crystal at its bottom end so as to form the columnar workpiece, heating a bottom end
of the source material rod as the bottom end of the columnar workpiece by the heating unit, and cooling a top end of
the support rod as the top end of the columnar workpiece by the cooling unit so as to form a temperature gradient inside
the columnar workpiece so that the top end face becomes lower in temperature than the bottom end face of the solvent;
and causing a silicon carbide single crystal to grow continuously downwardly starting from the seed crystal, wherein the
method further comprises using an inside cylindrical susceptor tightly surrounding the outer circumference of the columnar
workpiece.
[0012] According to a second aspect of the invention, there is provided a method of production of a silicon carbide
single crystal by precipitation from a solution using a temperature gradient furnace giving a temperature gradient to a
columnar workpiece in its longitudinal direction, comprising using as the temperature gradient furnace a temperature
gradient furnace provided with heat insulating walls surrounding an outer circumference of the columnar workpiece, a
heating unit for heating a bottom end of the columnar workpiece through a heating susceptor, and a cooling unit for
cooling a top end of the columnar workpiece through a cooling susceptor; stacking, inside the furnace in order from the
bottom, a source material rod comprised of silicon carbide, a solvent, a seed crystal, and a support rod supporting the
seed crystal at its bottom end so as to form the columnar workpiece, heating a bottom end of the source material rod
as the bottom end of the columnar workpiece by the heating unit, and cooling a top end of the support rod as the top
end of the columnar workpiece by the cooling unit so as to form a temperature gradient inside the columnar workpiece
so that the top end face becomes lower in temperature than the bottom end face of the solvent; and causing a silicon
carbide single crystal to grow continuously downwardly starting from the seed crystal, wherein the method further com-
prises using as the source material rod a source material rod provided with a counter bore of an inside diameter equal
to an outside diameter of the seed crystal on the top face and pulling up the support rod at the time where a predetermined
thickness of the single crystal is grown so as to detach the single crystal from the solvent.
[0013] According to the first aspect of the invention, by using an inner cylindrical susceptor tightly surrounding the
outer circumference of a columnar workpiece, (1) a monoaxial heat flow along the longitudinal axis of the columnar
workpiece (=crystal growth axis) is realized, so fast, stable crystal precipitation becomes possible, (2) constant workpiece
shapes and dimensions can be used, so actual operation can be started immediately with the minimum amount of trials,
and (3) the in-plane temperature distribution vertical to the stacking axis (=crystal growth axis) in a stacked structure
comprised of a source material rod/solvent/precipitating crystal/seed crystal (hereinafter referred to as a "crystal assem-
bly") (hereinafter referred to as the "in-plane temperature distribution") becomes uniform, so fast, stable single crystal
growth becomes possible. The method of the first aspect of the invention is particularly advantageously applied to the
production of a bulk large-diameter material of a silicon carbide single crystal.
[0014] Further, according to the second aspect of the present invention, by using a source material rod provided with
a counter bore with an inside diameter equal to the outside diameter of the seed crystal at its top face, the in-plane
temperature distribution of the crystal assembly becomes uniform in state. Since the linear expansion coefficient of the
solvent is greater than that of the silicon carbide, however, the single crystal which is grown is destroyed by the thermal
stress after cooling. To prevent this, in the second aspect of the invention, the support rod is pulled up at the time when
the desired thickness of the single crystal is grown so as to detach the single crystal from the solvent.
[0015] The method of the second aspect of the invention is advantageously applied to the production of a silicon
carbide single crystal thin film. By using the solution method, micropipes of the substrate can be easily closed, so it is
possible to easily reduce the faults which unavoidably occurred with the vapor-phase method and obtain a high quality
single crystal. Further, the system configuration is simple and high in safety, so is extremely practical.
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BRIEF DESCRIPTION OF THE DRAWING

[0016]

FIG. 1 is a vertical sectional view of a temperature gradient furnace for producing a silicon carbide single crystal
according to a first aspect of the present invention.
FIGS. 2A and 2B are vertical sectional views showing enlarged a case arranged inside the temperature gradient
furnace of FIG. 1.
FIGS. 3A and 3B are vertical sectional views schematically showing the relationship between the in-plane temper-
ature distribution in a crystal assembly and the flatness of the obtained single crystal.
FIGS. 4A, 4B, 4AX, and 4BX are sectional views showing the relationship between the in-plane temperature distri-
bution in a crystal assembly and the dissolved shape of the top face of the source material rod.
FIG. 5 is a vertical sectional view of a system used for an experiment for measuring the single crystal growth rate
for various solvents.
FIG. 6 is a graph showing the relationship between various solvent compositions and crystal growth rates according
to the present invention.
FIG. 7 is a vertical sectional view of a vertical sectional view of a case arranged inside a temperature gradient
furnace used for the method of production of a silicon carbide single crystal of a second aspect of the invention.
FIGS. 8A and 8B are vertical sectional views of the specific state of operation of the case of FIG. 7.
FIGS. 9A and 9B are vertical sectional views of the in-plane temperature distribution in the case of FIG. 7.
FIG. 10 is a graph of the thickness distribution of a thin film single crystal of silicon carbide formed using the case
of FIG. 7.

BEST MODE FOR WORKING THE INVENTION

[First Embodiment]

[0017] FIG. 1 and FIGS. 2A and 2B show an example of a preferred embodiment of a temperature gradient furnace
used for the method of production of a silicon carbide single crystal of the first aspect of the invention. FIGS. 2A and 2B
show the inside of the temperature gradient furnace of FIG. 1 enlarged.
[0018] The illustrated temperature gradient furnace 100 is provided with a substantially cylindrical body having a center
axis in the vertical direction of the figure. FIG. 1 and FIGS. 2A and 2B are all vertical sectional views in the plane including
the center axis of the cylindrical body. The cylindrical body 102 is made of a heating insulating material. Inside it a top
heat conducting lid 19, heat insulating cylinder 21, and bottom heat conducting lid 23 forming a case C are arranged.
Inside the case C, a source material rod 10, a solvent 12, a seed crystal 14, and a support rod 16 forming a columnar
workpiece W are accommodated in a state fixed by the bottom end being inserted into the bottom face of the case C
(FIG. 2A). Due to this, the heat flow through the outer circumference of the workpiece W is substantially blocked and
heat can flow only through the top end and the bottom end.
[0019] Due to this, a temperature gradient having the bottom end (heated end) of the case C accommodating the
columnar workpiece W as the highest temperature Tb and having the top end (cooled end) of the case C as the lowest
temperature Tt, that is, a temperature gradient falling in temperature monotonously from the bottom to the top of the
case C, is formed along the longitudinal direction of the case C. The columnar workpiece W accommodated in the case
C is also formed with this temperature gradient.
[0020] The bottom end face of the case C is a disk-shaped flat surface and is heated by an induction heating coil 108
below it. A heating susceptor 110 interposed between the induction heating coil 108 and case C is comprised of a disk-
shaped flange part 110A coming into close contact with the bottom end face WB of the columnar workpiece W and a
columnar part 110B heated by induction heating. The induction heating coil 108 is arranged wrapped around the columnar
part 110B of the susceptor 110. By adopting this structure, the temperature reached becomes higher and the uniformity
of the in-plane temperature distribution is further improved compared with a structure where the susceptor 110 is made
a simple disk in shape.
[0021] Further, the columnar part 110B is made substantially cylindrical in shape with the parts other than right near
the flange part 110A made hollow. If the columnar part 110B were made entirely solid, the outer circumference of the
columnar part 110B directly heated by the induction coil 108 would become high in temperature and the core of the
columnar part 110B heated by only heat conducted from the outer circumference would become low in temperature.
This is not preferable for securing uniformity of the horizontal sectional in-plane temperature distribution. By making the
parts other than right near the flange part 110A hollow like in this embodiment, the uniformity of the in-plane temperature
distribution can be further raised.
[0022] Due to the heating use susceptor 110 interposed between the induction heating coil 108 and bottom end of
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the case C in this way, the flow of heat from the resistance heating coil 108 to the bottom end face WB of the workpiece
is equalized and the entire bottom end face WB of the workpiece is equally heated. The heating use susceptor 110 is
fabricated from a disk of a metal with a good conductivity such as copper so as to secure a high heating efficiency.
[0023] The top end face of the columnar workpiece W is also a disk-shaped flat surface and is cooled by a water-
cooling type cooler 112 having a flat disk-shaped cooling surface. The cooler 112 is of a type of a cooling jacket fabricated
by a metal with good heat conductivity such as copper. In the illustrated example, the top end has an inflow port CLI
and an outflow port CLO. The rest of the parts are water-tight in structure. Due to the cooling use susceptor 114 interposed
between the cooler 112 and the top end face of the case C, the flow of heat from the top end face of the case C to the
cooler 112 is equalized and the entire top end face of the case C is equally cooled. The cooling use susceptor 114 has
to secure a suitable heat removal action so as to prevent excessively rapid cooling and enable the necessary gradual
cooling. Therefore, it is made of graphite etc. having heat resistance and a suitable heat insulating property.
[0024] The cooler 112 can move up and down as shown by the double-headed arrow X in FIG. 1. This enables the
distance ∆t from the susceptor 114 to be suitably adjusted in accordance with need and enables a suitable amount of
heat removal to be set (in the illustrated example, ∆t=0 or the two are in close contact).
[0025] The temperature Tb of the heated bottom end of the case C is monitored by a pyrometer from the outside
through a pipe T1 passing through the center of the heating coil 108 and heating use susceptor 110 (monitoring optical
path: arrow PB). By adjusting the output of the induction heating coil 108 based on the value of this monitored temperature,
the heating temperature is controlled.
[0026] The temperature Tt of the cooled top end face of the case C is monitored by a pyrometer from the outside
through a pipe T1 passing through the center of the cooler 112 and cooling use susceptor 114 (monitoring optical path:
arrow PT). By adjusting the temperature and flow rate of the cooling water supplied to the water-cooling type cooler 112
based on the monitored value, the amount of heat removal (cooling strength) can be adjusted.
[0027] By performing the heating at the bottom end of the case C and the cooling at the top end in this way using the
heating use susceptor 110 and the cooling use susceptor 114 respectively, the flow of heat passing through the horizontal
cross-section (plane perpendicular to longitudinal direction) can be made constant over the entire length of the columnar
workpiece and simultaneously the distribution of the heat flow in the horizontal cross-section can be made uniform, so
the temperature gradient falling monotonously from the bottom to the top of the columnar workpiece W can be given an
extremely high linearity and simultaneously the temperature distribution in the horizontal cross-section can be made
uniform.
[0028] Due to this, inside the temperature gradient furnace 100, a linear temperature gradient is formed in the height
direction as shown by the left half of FIG. 1. Along this temperature gradient, the solvent 12 is held at a high temperature
T1 at the bottom end face (=face contacting top end face of source material rod 10) and at a low temperature T2 at the
top end face (=surface contacting bottom end face of seed crystal 14 (or crystal surface being grown)). Near the bottom
end face of the solvent 12 (surface contacting source material rod), silicon and carbon dissolve into the solvent 12 from
the source material rod 10 in accordance with the solubilities of silicon and carbon in the solvent 12 at the high temperature
T1, while near the top end face of the solvent 12 (surface contacting seed crystal 14 (or crystal growth interface)), silicon
and carbon in the solvent 12 precipitate on the seed crystal 14 (or crystal surface being grown) as silicon carbide in
accordance with the degree of supersaturation of silicon and carbon in the solvent 12 at the low temperature T2, whereby
growth of the silicon carbide single crystal proceeds.
[0029] Along with the progress in crystal growth, the top end of the source material rod 10 descends due to elution of
the source material substance and simultaneously the crystal growth face (bottom face of crystal) descends, so the
solvent 12 sandwiched between the two automatically descends. At this time, the temperature gradient in the solvent is
kept constant along with the graph of FIG. 1 at all times. When the height of the single crystal grown is small (for example,
10 mm to 20 mm or so: within height of source material rod 10), even if maintaining the high temperature Tb of the
bottom end of the case C and the low temperature Tt of the top end at their initial settings, it is possible to secure a
solubility in the source material elution region of the solvent and a degree of supersaturation in the crystal precipitation
region within ranges suitable for crystal growth. When the height of the crystal grown is large, by simultaneously lowering
Tb and Tt in synchronization with the crystal growth, it is possible to maintain the necessary temperature gradient and
the temperatures of the source material elution region and crystal precipitation region within ranges suitable for crystal
growth.
[0030] With the conventional crystal growth method, in particular, to grow a long single crystal, a ring-shaped heating
source for heating the vicinity of the solvent from its surroundings was moved to move the solvent position. However,
this required mechanical movement, so there was the problem that the unavoidably accompanying slight mechanical
vibration induced formation of multiple crystal nuclei and therefore resulted in a susceptibility toward polycrystallinity.
[0031] According to the present invention, by just changing the high temperature Tb and the low temperature Tt in
synchronization, long crystal growth can be realized. Since no mechanical movement is required, the problems such as
in the past in principle will not arise. Due to this, it is possible to obtain a high quality, long single crystal by a simplified
system configuration and operation method.
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[0032] One characterizing feature of the first aspect of the invention is the adoption of a configuration with the columnar
workpiece W tightly wrapped around its outer circumference by an inner cylindrical susceptor 17. Due to this, an in-plane
temperature distribution vertical to the stacking axis (=crystal growth axis) in a columnar workpiece W, in particular a
stacked structure comprised of a source material rod 10/solvent 12/precipitating crystal (not shown)/seed crystal 14
("crystal assembly") ("in-plane temperature distribution") is made highly uniform, so fast, stable growth of silicon carbide
single crystal becomes possible.
[0033] Referring to FIGS. 3A and 3B, actions and effects of the first aspect of the invention will be explained. When
no inner cylindrical susceptor 17 is used, the uniformity of the in-plane temperature distribution is low, so as shown by
the top half of FIG. 3A, the isotherm planes L bend irregularly and the interplane distances become uneven. That is, the
temperature gradient P does not become linear in the vertical direction of the figure, but becomes uneven. Crystal growth
proceeds along the temperature gradient P, so as shown by the bottom half of FIG. 3A, crystal 15A of a curved surface
with the growth interface becoming unevenly wavy is grown and growth is even stopped locally.
[0034] As opposed to this, according to the first aspect of the invention, when using the inner cylindrical susceptor 17,
the in-plane temperature distribution is made uniform, so as shown in the top half of FIG. 3B, the isotherm planes L
become flat and the interplane distances also become even. That is, the temperature gradient P becomes linearly aligned
in the vertical direction of the figure and crystal grows along with this, so as shown in the bottom half of FIG. 3B, the
growth interface becomes flat and a crystal 15B with a good flatness is continuously grown.
[0035] In this embodiment, as illustrated, the inner cylindrical susceptor 17 is placed on the top circumferential edge
of the seed crystal 10 and the support rod 16 is held suspended at the top end. That is, the support rod 16 has a thread
cut into it at the top outer circumference. A nut-shaped ring-shaped member 25 is screwed over this thread. The ring-
shaped member 25 abuts against the top end of the inner cylindrical susceptor 17, whereby the support rod 16 is held
suspended at a predetermined height. This suspension holding method is adopted for the following reasons.
[0036] At the time of start of crystal growth, the seed crystal 14 has to contact the surface of the solvent 12. However,
the solvent 12 is inserted as a disk-shaped or other solid at the time of loading, is melted in the process of sublimation
due to the start of operation of the temperature gradient furnace 100, and expands in volume at the time of becoming
a solution, so increases in height from the time of insertion. Accordingly, at the time of loading, the seed crystal 14 has
to be placed a suitable distance slightly above the top face of the solid solvent. Further, the amount of change of the
height of the solvent differs depending on the type of the solvent, so the height of the seed crystal 14 has to be able to
be made a continuous value, not step-wise value.
[0037] Accordingly, as one method, structuring the seed crystal 14 to be connected from the top lid 19 of the case C
may be considered, but the temperature distribution of the crystal assembly is liable to be disturbed by the connection
with the low temperature top.
[0038] As opposed to this, in the present embodiment, by holding the top end of the inner cylindrical susceptor 17
suspended by the screw-type ring-shaped member 25, it is possible to continuously adjust the height of the seed crystal
14 without disturbing the temperature distribution of the crystal assembly.
[0039] Another characterizing feature of this embodiment is the provision of a counter bore 11 on the top face of the
source material rod 10 for carrying the solvent 12. The solvent 12, present as a melted zone between the seed crystal
14 and the source material rod 10, has to be maintained stably in shape by just its surface tension. However, depending
on the type of the solvent, due to the surface fluidity, the material will flow out to the side faces of the source material
rod 10 and the melted zone will not be able to be maintained, so single crystal growth will not be possible or will be
interrupted. By provision of the counter bore 11 at the top face of the source material rod 10 and holding the solvent 12
inside it, outflow can be prevented and the melted zone can be maintained stably over a long period of time extremely
easily. Note that the shape of the counter bore 11 is not limited to a cylindrical shape (flat bottomed) as illustrated and
may also be a spherical shape or any other shape so long as it contributes to the stable growth of the crystal.

[Second Embodiment]

[0040] A preferred embodiment of the solvent used in the present invention will be explained next.
[0041] The method of production of a silicon carbide single crystal of the present invention is a solution method utilizing
a dissolving and precipitation reaction through a solvent. As the solvent, silicon, one of the component elements of silicon
carbide, has been used in the past. However, the crystal growth rate achieved in the past using silicon as a solvent has
been an extremely slow 0.02 to 0.03 mm/hr. This is poor in industrial practicality.
[0042] As opposed to this, by forming the solvent of the present invention by silicon and at least one type of coexisting
element selected from the group of Y, Sc, lanthanoids, elements of Group I of the Periodic Table, and elements of Group
II of the Periodic Table, the crystal growth rate can be remarkably improved as explained in detail in the examples.
[0043] Further, there is the following advantage. That is, the solvents disclosed in Japanese Unexamined Patent
Publication (Kokai) No. 2000-264790 contain carbon from the start as a component ingredient of the solvent itself, so
when the solvent changes from the solid to melted state in the process of sublimation, the silicon carbide immediately
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starts to precipitate. As a result, the precipitated surface becomes rough and polycrystallization is liable to occur.
[0044] As opposed to this, the solvent of the present invention does not include carbon as a component ingredient of
the solvent itself, so when the solvent changes from a solid to a melted state in the process of sublimation, the solvent
still does not contain carbon. After elution from the source material rod into the solvent, the carbon diffuses through the
solvent and reaches the seed crystal, where precipitation is started. The process is therefore gentle. Accordingly, there
is no roughening of the precipitated surface or polycrystallization as with the conventional solvent.
[0045] In addition, in the period in the sublimation process where the carbon in the solvent reaches the saturation
concentration near the seed crystal, the surface of the seed crystal also dissolves in the solvent somewhat. Due to this,
the work affected layer of the seed crystal surface is removed even without any pretreatment, so the crystallinity of the
crystal precipitated on it is improved. However, in the case of a growth technique with an extremely large amount of
solvent such as the TSSG method, the amount of dissolution of the seed crystal becomes large. Further, the effect of
convection is difficult to completely eliminate. Therefore, the flatness of the surface of the seed crystal is liable to
conversely fall or the seed crystal is liable to dissolve and precipitate. Therefore, the above effect cannot be expected.
That is, the above effect can be obtained by the growth method of the present invention.
[0046] Each of the coexisting elements used in the solvent of the present invention not only has the effect of improve-
ment of the growth rate, but also improvement of the surface flatness of the precipitated crystal due to the above action.

[Third Embodiment]

[0047] FIG. 7 shows an example of a preferable embodiment of a case for arrangement inside a temperature gradient
furnace used for the method of production of a silicon carbide single crystal of the second aspect of the invention. The
temperature gradient furnace is structured as shown in FIG. 1 of the first aspect of the invention. The case arranged in
the furnace however is changed in structure to one suitable for production of a single crystal thin film.
[0048] The case CA for arrangement in the furnace is comprised of a top heat conducting member 29, a heat insulating
cylinder 31, and a bottom heat conducting lid 33. The top heat conducting member 29 is comprised of a top heat
conducting lid 29X from the bottom of which extends a suspension member 29Y having a thread at the bottom end to
which a cap nut 29Z is screwed.
[0049] The source material rod 10, solvent 12, seed crystal 14, and support rod 36 form a columnar workpiece WA
held with its bottom end inserted into the bottom surface of the case CA. The top face of the source material rod 10 is
provided with a counter bore 11 in the same way as the first embodiment. The solvent 12 is held in the counter bore 11.
The support rod 36 is comprised of a small diameter rod part 36 at the top of which a nut 36X is screwed and at the
bottom end of which a large diameter sliding disk 36 is affixed. The rod 36Y of the support rod 36 is inserted at its center
part vertically movably in a center bore of the cap nut 29Z at the bottom end of the top heat conducting member. The
bottom face of the nut 36X of the support rod 36 abuts against the top face of the cap nut 29Z of the top heat conducting
member 29, whereby the entire support rod 36 is held suspended by the top heat conducting member 29. At the time
of loading, the nut 36X can be turned so as to finely adjust the height of the support rod 36 as a whole and set the seed
crystal 14 to the optimal initial height.
[0050] One of the characterizing features of this embodiment is that a seed crystal holder 36ZP at the center of the
bottom face of the sliding disk 36Z at the bottom end of the support rod 36, the seed crystal 14, and the counter bore
11 are made the same diameter. Due to this, like in the first embodiment, even without using the inner cylindrical susceptor
17, the flatness of the isotherm planes of the crystal assembly (stacked structure of source material rod 10/solvent
12/precipitated crystal (not shown)/seed crystal) becomes excellent.
[0051] Another of the characterizing features of this embodiment is that the sliding disk 36Z at the bottom end is made
large in diameter and the outer circumference is brought into contact with the inner wall surface of the heat insulating
cylinder 31 of the case CA to enable sliding. Due to this, the heat input from the heat insulating cylinder 31 increases,
the uniformity of temperature at particularly the outer circumference and center of the seed crystal 14 in the crystal
assembly is improved, the film-forming area giving the uniform thin film single crystal is increased, and the yield is
improved.
[0052] Still another characterizing feature is that the diameter of the support rod 36 is made small at the rod 36Y of
the part other than the large diameter sliding disk 36Z of the bottom end. Due to this, the flow of heat upward becomes
smaller. As a result, the temperature gradient becomes gentler, the flatness of the isotherm planes in the crystal assembly
is improved, and a high uniformity thin film single crystal can be stably formed.
[0053] In the second aspect of the invention, a characterizing feature particularly important in the production of a thin
film single crystal is the pulling up of the support rod 36 so as to detach the single crystal from the solvent 12 when a
desired thickness of the single crystal has been grown. The heat expansion coefficient of the solvent 12 is larger than
that of the silicon carbide single crystal, so if cooling the thin film single crystal in the state connected with the solvent
12 after the film formation, the thermal stress would cause the thin film single crystal to be destroyed. The case 36 of
this embodiment is provided with a pulling mechanism for this purpose.
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[0054] FIG. 8A shows the state of operation of the pulling mechanism. When the thin film single crystal has reached
the desired thickness, the entire top heat conducting member 29 is pulled up so as to make the seed crystal 15 (on the
surface of which the thin film single crystal is grown) mounted to the bottom face of the sliding disk 36Z of the bottom
end of the support rod 36 detach from the surface of the solvent 12.
[0055] As opposed to this, FIG. 8B shows the state of operation of a buffer mechanism for dealing with the expansion
of volume after loading when the sublimation causes the solid disk shaped solvent to melt and become a solution. When
the seed crystal 14 loaded as a solid disk melts and expands due to heat due to the rise in temperature, the nut 36X
restricts motion of the support rod 36 downward, but does not restrict motion upward, so the entire support rod 36
suspending and supporting the seed crystal 14 is pushed upward and rises. Due to this, the expansion of volume of the
solvent 12 is absorbed, so generation of stress harmful to the single crystal grown can be easily avoided.

<Example 1>

[0056] FIGS. 4A and 4B show the results of calculation and analysis of the temperature distribution in silicon carbide
single crystal growth using the temperature gradient furnace 100 according to the first aspect of the invention by isotherm
lines in the vertical cross-section including the center axis of the columnar workpiece W (=source material rod 10/solvent
12/seed crystal 14/support rod 16). The conditions for calculation are as follows:

[Calculation Conditions]

[0057]

· Program used

· Memtat (modeling): MSC
· MARC (temperature distribution calculation): MSC

· #112/#114 boundary conditions: heat conduction coefficient of 250 cal/cm2·h·k
· Emission (radiation) mode coefficient utilizing automatic calculation function of above programs
· Model made axial coverage model of FIGS. 4A and 4B

[0058] FIG. 4A shows the case of nonuse of the inner cylindrical susceptor 17 for comparison. The temperature drops
from the circumference of the columnar workpiece W to the center axis. The overall temperature distribution becomes
a spherical shape projecting downward. As opposed to this, in the case of FIG. 4B using the inner cylindrical susceptor
17 according to the first aspect of the invention, an overall flat temperature distribution is obtained from the circumference
of the columnar workpiece W to the center axis.
[0059] FIGS. 4AX and 4BX show sketches of the sectional shapes of the source material rods 10 obtained by exper-
iments under the states of FIGS. 4A and 4B. The experimental conditions were as follows:

[Experimental Conditions]

[0060]

Source material rod 10: SiC sintered body (sintering aid B added, density of 99.5% of theoretical density)
Solvent: YSi
Temperature: Sample case bottom end (Tb) 1850°C (x 2 hours holding)
Temperature gradient: 8 to 10 K/mm

[0061] When performing the experiment under conditions giving a downwardly projecting spherical temperature dis-
tribution (FIG. 4A) as a comparative example, as shown in FIG. 4AX, the top face of the source material rod 10 is a flat
surface due to the counter bore 11 in the initial state, but elution proceeds faster at the high temperature circumference
compared with the low temperature center, so the circumference becomes recessed in a deep valley-like shape leaving
the center as a plateau shape resulting in a large wavy distribution FA. If crystal growth proceeds in a state with the
amount of elution of material from the top face of the source material rod 10 fluctuating greatly according to position in
this way, the amount of growth of the crystal precipitating as a result of diffusion and movement through the solvent 12
in the height direction will also be affected and greatly fluctuate, so a good uniformity, high quality single crystal cannot
be obtained.
[0062] As opposed to this, when performing the experiment under the conditions giving a flat temperature distribution



EP 1 690 284 B1

9

5

10

15

20

25

30

35

40

45

50

55

according to the first aspect of the invention (FIG. 4B), a uniform temperature is maintained across the entire top face
of the source material rod 10, so the amount of elution is also equal. A flat distribution FB reflecting as is the flat surface
due to the initial counter bore 11 (parallel movement) is maintained. If crystal growth proceeds in a uniform state across
the entirety without fluctuation of the amount of elution of the material from the top face of the source material rod 10
due to position, the amount of growth of the crystal precipitating by diffusion and movement through the solvent 12 in
the height direction will also be made uniform correspondingly and a good flatness high quality single crystal can be
obtained (FIG. 4BX).
[0063] Next, an experiment was performed to investigate the effect of the counter bore 11 on the top face of the source
material rod 10. The source material rod 10 was made using a disk shaped silicon carbide sintered body (20 mm diameter)
like the above and provided with counter bore 11 of a diameter of 15 mm and a depth of 0.54 mm on its top face. The
melted zone duration in the case of use of an FeSi solvent 12 was measured. The state of contact between the melted
zone and the seed crystal was monitored by the electrical conduction between the two and any point of breakage of
conduction was used to judge disconnection of the two. For comparison, a similar experiment was conducted for the
case of no counter bore. The results of the experiment are shown in summary in Table 1.

[0064] The FeSi of the solvent 12 has a high wettability with respect to the silicon carbide of the source material rod
10, so in the comparative example with the top face of the source material rod 10 left flat with no counter bore, there is
remarkable outflow of the solvent due to the surface fluidity. As shown in Table 1, in 0.5 hour after the start, the melted
zone ends up detaching from the seed crystal and the crystal growth can no longer be maintained. As opposed to this,
in the case of provision of the counter bore according to the preferred embodiment of the first aspect of the invention,
as shown in Table 1, the melted zone can be maintained up to 6.2 hours after start.

<Example 2>

[0065] Solvents of various compositions according to the present invention were used to conduct experiments on the
growth of silicon carbide single crystal and the growth rates of the single crystals were measured.
[0066] FIG. 5 shows the experimental system. A source material rod 10, a solvent pallet 12, and a seed crystal 14
were arranged stacked in that order in a graphite cylindrical case 50 (outside diameter 50 mm x inside diameter 15 x
height 100 mm).
[0067] The source material rod 10 is the source of supply of the silicon and carbon for dissolution in the solvent.
Polycrystalline silicon carbide wafers fabricated by CVD (5 inch diameter x 0.6 mm height) were worked to disk shapes
of 11 mm diameter and 0.6 mm height. Two of these disks were used stacked together. The one positioned at the solvent
side was provided with a cylindrical counter bore of a diameter of 9 mm and a depth of 0.3 mm at the surface contacting
the solvent. The solvent pallet 12 was a disk shape of a diameter of 7.5 to 8.5 mm and a height of 1.5 to 2.0 mm. The
seed crystal 14 used was a Lely crystal (15R).
[0068] In the growth method of the present invention, to grow a good flatness, high quality single crystal, it is necessary
to eliminate the effects of convection of the solvent 12 so that the movement of the substances from the source material
rod 10 to the surface of the seed crystal (or crystal face being grown) is mainly performed by diffusion in the solvent 12,
so the height of the solvent 12 is reduced to the above (0.6 mm x 2 = 1.2 mm) and the source material rod 10 and seed
crystal 15 are arranged brought into extremely close proximity. By introducing heat from the bottom of the case 50 and
cooling the top, a temperature gradient is caused which monotonously falls along the direction from the source material
rod 10 to the seed crystal 12. Note that the temperature is controlled by the measurement value (T1) of the bottom of
the case 50 and that the sample temperature is an estimate from the separately measured temperature gradient line.
The heating conditions are shown below:

[Heating Conditions]

[0069]

Crucible bottom temperature setting: 2000°C
Sample bottom temperature (Tsb): 1850°C targeted (however, for some Y-based solvents, since the melting point

Table 1

Comparative example Invention example

Counter bore No Yes

Melted zone duration (hr) 0.5 6.2
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is 1830°C, reducing the height of the bottom solid part from the 25 mm of the case of other solvents to 15 mm
enables the solvent 12 to be maintained at a higher temperature).
Holding time: 2 hours
Rate of temperature rise: 16.7°C/min
Rate of temperature drop: 3.3°C/min (up to 1200°C, then furnace cooling).
Atmosphere: Air flow

[0070] The sample was raised in temperature, held, then cooled under the above conditions, then taken out from the
case. The solvent was dissolved away by acid treatment to recover the grown crystal. The thickness of the obtained
crystal was-measured at several points by a micrometer and the difference with the thickness of the seed crystal used
was used as the growth thickness.
[0071] FIG. 6 shows the crystal growth rate obtained using solvents 12 of various compositions according to the
present invention. The topmost row shows the case of use of a conventional solely silicon solvent for comparison. The
growth rate was about 50 Pm/h. If faster than this, there may be the to be the effect of increased speed due to the
coexisting elements. Further, the arrow at the bottom end shows the highest level in the past due to the sublimation
method or about 200 Pm/h. If equal or higher than this, the value can be said to be of practical value.
[0072] As illustrated, it is learned that the addition of the coexisting element Y, Sc, or Group I or II of the Periodic Table
results in a striking improvement in the crystal growth rate. In particular, an about 10-fold improvement over Si alone is
recognized by addition of Y. Sc and a lanthanoid can be said to have smaller effects compared with Y and result in an
about 6- to 7-fold improvement over silicon alone. Further, Groups I and II of the Periodic Table are smallest in effect,
but even so give the highest level of growth rate obtained up to now by the sublimation method and therefore have
sufficiently practical value.

<Example 3>

[0073] FIGS. 9A and 9B show the results of calculation and analysis of the temperature distribution in a case CA for
arrangement inside a temperature gradient furnace according to the second aspect of the invention. The conditions for
calculation are as follows:

[Calculation Conditions]

[0074]

· Program used

· Memtat (modeling): MSC
· MARC (temperature distribution calculation): MSC

· #112/#114 boundary conditions: heat conduction coefficient of 250 cal/cm2·h·k
· Emission (radiation) mode coefficient utilizing automatic calculation function of above programs
· Model made axial coverage model of FIGS. 4A and 4B

[0075] FIG. 9A shows a structure where the disk part 36Z’ of the bottom end of the support rod 36 is smaller in outside
diameter than the inside diameter of the heating insulating cylinder 31 of the case CA, so does not contact the inner wall
surfaces thereby leaving a clearance between the two. As opposed to this, FIG. 9B shows a structure where, according
to a preferred embodiment, the outer circumference of the bottom end of the support rod 36 is brought into contact with
the inside wall surfaces of the heat insulating cylinder 31 of the case CA.
[0076] Comparing the two, by adopting the structure of FIG. 9B where the outer circumference of the sliding disk 36Z
contacts the inside walls of the heat insulating cylinder 31 of the case CA, it is learned that the isotherm lines become
flat at the region of the solvent 12 from the seed crystal 14 in particular and the uniformity of the in-plane temperature
distribution is enhanced.
[0077] Using the two structures shown in FIGS. 9A and 9B, actual silicon carbide thin film single crystals were formed.
The film-forming conditions were as follows:

Source material rod 10: Silicon carbide sintered body (sintering aid B added, density of 99.5% of theoretical density
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[Film-Forming Conditions]

[0078]

Solvent: YSi
Seed crystal: 15 mm diameter x 0.3 mm thickness (4H)
Temperature: 1750°C
Holding time: 15 minutes

[0079] The thickness of different parts of the obtained thin film single crystals in the radial direction were measured.
The results are shown in FIG. 10. In the figure, the curve A (• plot) shows the thickness of the thin film formed by the
configuration of FIG. 9A with the disk outer circumference/heat insulating cylindrical inner walls not in the state of contact.
The thickness is a substantially constant one of about 60 Pm in a very narrow region of up to 2.5 mm toward the outer
circumference from the center of the thin film. The thickness then increases the further toward the outer circumference.
At the outer circumference 15 mm from the center, it increases to about 135 Pm or twice that of the center.
[0080] As opposed to this, the curve B (o plot) shows the thickness of the thin film formed by the configuration of FIG.
9B with the disk outer circumference/heat insulating cylindrical inner walls in the state of contact. The thickness is a
constant one of about 70 Pm in a wide region of up to 10 mm toward the outer circumference from the center of the thin
film. An increasing tendency is exhibited first further toward the outer circumference from this, but there is only a slight
increase in thickness to about 90 Pm even in the region up to 15 mm from the center. Overall, a region of at least 90%
of the area of the thin film is kept within less than a 5% film thickness distribution.

INDUSTRIAL APPLICABILITY

[0081] According to the present invention, there is provided a method of production of a silicon carbide single crystal
enabling fast, stable, and continuous growth of a high quality silicon carbide single crystal and enabling both an increase
in size of the bulk single crystal and an improvement of quality of a thin film single crystal.

Claims

1. A method of production of a silicon carbide single crystal by precipitation from a solution using a temperature gradient
furnace giving a temperature gradient to a columnar workpiece in its longitudinal direction, comprising:

using as said temperature gradient furnace a temperature gradient furnace provided with heat insulating walls
surrounding an outer circumference of said columnar workpiece, a heating unit for heating a bottom end of said
columnar workpiece through a heating susceptor, and a cooling unit for cooling a top end of said columnar
workpiece through a cooling susceptor;
stacking, inside said furnace in order from the bottom, a source material rod comprised of silicon carbide, a
solvent, a seed crystal, and a support rod supporting said seed crystal at its bottom end so as to form said
columnar workpiece, heating a bottom end of said source material rod as said bottom end of the columnar
workpiece by said heating unit, and cooling a top end of said support rod as said top end of the columnar
workpiece by said cooling unit so as to form a temperature gradient inside said columnar workpiece so that the
top end face becomes lower in temperature than the bottom end face of said solvent; and
causing a silicon carbide single crystal to grow continuously downwardly starting from said seed crystal, wherein
said method further comprises:

using an inside cylindrical susceptor tightly surrounding the outer circumference of said columnar workpiece.

2. A method of production of a silicon carbide single crystal as set forth in claim 1, further comprising carrying said
inner cylindrical susceptor at its bottom end on the top end of said source material rod and suspending said support
rod by a ring-shaped member screwed over its top outer circumference from the top end of said inner cylindrical
susceptor so as to hold it in a manner adjustable in vertical position.

3. A method of production of a silicon carbide single crystal as set forth in claim 1 or 2, further comprising using as
said source material rod a source material rod provided with one of a cylindrical or spherical counter bore at its top face.

4. A method of production of a silicon carbide single crystal as set forth in any one of claims 1 to 3, further comprising
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using as said solvent one comprised of Si and at least one type of coexisting element selected from Y, Sc, a
lanthanoid, an element of Group I of the Periodic Table, and an element of Group II of the Periodic Table.

5. A method of production of a silicon carbide single crystal by precipitation from a solution using a temperature gradient
furnace giving a temperature gradient to a columnar workpiece in its longitudinal direction, comprising:

using as said temperature gradient furnace a temperature gradient furnace provided with heat insulating walls
surrounding an outer circumference of said columnar workpiece, a heating unit for heating a bottom end of said
columnar workpiece through a heating susceptor, and a cooling unit for cooling a top end of said columnar
workpiece through a cooling susceptor;
stacking, inside said furnace in order from the bottom, a source material rod comprised of silicon carbide, a
solvent, a seed crystal, and a support rod supporting said seed crystal at its bottom end so as to form said
columnar workpiece, heating a bottom end of said source material rod as said bottom end of the columnar
workpiece by said heating unit, and cooling a top end of said support rod as said top end of the columnar
workpiece by said cooling unit so as to form a temperature gradient inside said columnar workpiece so that the
top end face becomes lower in temperature than the bottom end face of said solvent; and
causing a silicon carbide single crystal to grow continuously downwardly starting from said seed crystal, wherein
said method further comprises:
using as said source material rod a source material rod provided with a counter bore of an inside diameter equal
to an outside diameter of said seed crystal on the top face and pulling said support rod at the time where a
predetermined thickness of the single crystal is grown so as to remove said single crystal from said solvent.

6. A method of production of a silicon carbide single crystal as set forth in claim 5, further comprising surrounding said
columnar workpiece with an heat insulating cylinder interposed between said heat insulating walls and said columnar
workpiece, making a bottom end part of said support rod to have a shape with an outside diameter larger than other
parts of said columnar workpiece, and bringing an outer circumferential face of the bottom end part of said support
rod into contact with an inner circumferential face of said heat insulating cylinder.

7. A method of production of a silicon carbide single crystal as set forth in claim 5 or 6, further comprising using a top
end holder of said support rod provided with a buffer mechanism allowing free rise of said support rod.

Patentansprüche

1. Verfahren zur Herstellung eines Siliziumcarbideinkristalls durch Ausfällung aus einer Lösung unter Verwendung
eines Temperaturgradientenofens, der einen Temperaturgradienten an ein säulenförmiges Werkstück in seiner
longitudinalen Richtung abgibt, umfassend:

Verwenden eines Temperaturgradientenofens, als den Temperaturgradientenofen, der mit hitzeisolierenden
Wänden, welche einen äußeren Umfang des säulenförmigen Werkstücks umgeben, einer Heizeinheit zum
Heizen eines unteren Endes des säulenförmigen Werkstücks durch einen Heizsuszeptor, und einer Kühleinheit
zum Kühlen eines oberen Endes des säulenförmigen Werkstücks durch einen Kühlsuszeptor, ausgestattet ist;
Stapeln eines Ausgangsmaterialstabs, innerhalb des Ofens in Reihenfolge von unten, der Siliziumcarbid um-
fasst, eines Lösungsmittels, eines Impfkristalls, und eines Stützstabs, der den Impfkristall an seinem unteren
Ende unterstützt um das säulenförmige Werkstück zu bilden, Erhitzen eines unteren Endes des Ausgangsma-
terialstabs, als das untere Ende des säulenförmigen Werkstücks, durch die Heizeinheit, und Kühlen eines
oberen Endes des Stützstabes, als das obere Ende des säulenförmigen Werkstücks, durch die Kühleinheit um
einen Temperaturgradienten innerhalb des säulenförmigen Werkstücks zu bilden, sodass die obere Endfläche
niedriger in Temperatur als die untere Endfläche des Lösungsmittels wird; und
Bewirken, dass ein Siliziumcarbideinkristall kontinuierlich nach unten wächst, beginnend von dem Impfkristall,
wobei das Verfahren ferner umfasst:

Verwenden eines innenliegenden zylindrischen Suszeptors, der den äußeren Umfang des säulenförmigen
Werkstücks eng umgibt.

2. Verfahren zur Herstellung eines Siliziumcarbideinkristalls nach Anspruch 1, ferner umfassend das Befördern des
inneren zylindrischen Suszeptors an seinem unteren Ende auf das obere Ende des Ausgangsmaterialstabs und
Unterbrechen des Stützstabes durch ein ringförmiges Teil, das über seinen oberen äußeren Umfang von dem
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oberen Ende des innenliegenden zylindrischen Suszeptors geschraubt wird um es in einer Art und Weise in vertikaler
Position justierbar zu halten.

3. Verfahren zur Herstellung eines Siliziumcarbideinkristalls nach Anspruch 1 oder 2, dass ferner das Verwenden
eines Ausgangsmaterialstabs, als den Ausgangsmaterialstab, der entweder mit einer zylindrischen oder sphärischen
Senkung an seiner Stirnseite ausgestattet ist.

4. Verfahren zur Herstellung eines Siliziumcarbideinkristalls nach einem der Ansprüche 1 bis 3, dass ferner das Ver-
wenden, als das Lösungsmittel, eines umfasst, das Si und mindestens einer Art von koexistierendem Element,
ausgewählt aus Y, Sc, einem Lanthanoid, einem Element der Gruppe I des Periodensystems, und einem Element
der Gruppe II des Periodensystems, umfasst.

5. Verfahren zur Herstellung eines Siliziumcarbideinkristalls durch Ausfällung aus einer Lösung unter Verwendung
eines Temperaturgradientenofens der einen Temperaturgradienten an ein säulenförmiges Werkstück in seiner lon-
gitudinalen Richtung abgibt, umfassend:

Verwenden eines Temperaturgradientenofens, als den Temperaturgradientenofen, der mit hitzeisolierenden
Wänden, welche einen äußeren Umfang des säulenförmiges Werkstücks umgeben, einer Heizeinheit zum
Heizen eines unteren Endes des säulenförmigen Werkstücks durch einen Heizsuszeptor, und einer Kühleinheit
zum Kühlen eines oberen Endes des säulenförmigen Werkstücks durch einen Kühlsuszeptor, ausgestattet ist;
Stapeln eines Ausgangsmaterialstabs, innerhalb des Ofens in Reihenfolge von unten, der Siliziumcarbid um-
fasst, eines Lösungsmittels, eines Impfkristalls und eines Stützstabs, der den Impfkristall an seinem unteren
Ende unterstützt um das säulenförmige Werkstück zu bilden, Erhitzen eines unteren Endes des Ausgangsma-
terialstabs, als das untere Ende des säulenförmigen Werkstücks, durch die Heizeinheit, und Kühlen eines
unteren Endes des Stützstabes, als das obere Ende des säulenförmigen Werkstücks durch die Kühleinheit um
einen Temperaturgradienten innerhalb des säulenförmigen Werkstücks zu bilden, sodass die obere Endfläche
niedriger in Temperatur als die untere Endfläche des Lösungsmittels wird; und
Bewirken, dass ein Siliziumcarbideinkristall kontinuierlich nach unten wächst, beginnend von dem Impfkristall,
wobei das Verfahren weiter umfasst:

Verwenden eines Ausgangsmaterialstabs, als den Ausgangsmaterialstab, der mit einer Senkung eines
innenliegenden Durchmesser, der gleich einem außenliegenden Durchmesser des Impfkristalls auf der
Stirnseite ist, ausgestattet ist und Ziehen des Stützstabes zum Zeitpunkt, wo eine vorherbestimmte Dicke
des Einkristalls so gewachsen ist um den Einkristall von dem Lösungsmittel zu entfernen.

6. Verfahren zur Herstellung eines Siliziumcarbideinkristalls nach Anspruch 5, ferner umfassend Umgeben des stab-
förmigen Werkstücks mit einem hitzeisolierenden Zylinder, der zwischen den hitzeisolierenden Wänden und dem
stabförmigen Werkstück angeordnet ist, Machen, dass ein unteres Endteil des Stützstabes eine Form mit einem
äußeren Durchmesser, der größer als andere Teile des stabförmigen Werkstücks ist, aufweist, und in Kontakt
Bringen einer äußeren Umfangsfläche des unteren Endteils des Stützstabes mit einer inneren Umfangsfläche des
hitzeisolierenden Zylinders.

7. Verfahren zur Herstellung eines Siliziumcarbideinkristalls nach Ansprüche 5 oder 6, dass ferner das Verwenden
eines oberen Endhalters des Stützstabes umfasst, der mit einem Puffermechanismus ausgestattet ist, der freies
Emporsteigen des Stützstabes ermöglicht.

Revendications

1. Procédé de production d’un monocristal de carbure de silicium par précipitation à partir d’une solution en utilisant
un four à gradient de température donnant un gradient de température à une pièce colonnaire dans son sens
longitudinal, comprenant :

l’utilisation comme ledit four à gradient de température d’un four à gradient de température prévu avec des
parois d’isolation thermique entourant une circonférence extérieure de ladite pièce colonnaire, une unité de
chauffage pour chauffer une extrémité inférieure de ladite pièce colonnaire par l’intermédiaire d’un suscepteur
de chauffage, et une unité de refroidissement pour refroidir une extrémité supérieure de ladite pièce colonnaire
par l’intermédiaire d’un suscepteur de refroidissement;
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l’empilement, à l’intérieur dudit four, dans l’ordre à partir du fond, d’une tige de matériau source constituée de
carbure de silicium, d’un solvant, d’un germe cristallin, et d’une tige support supportant ledit germe cristallin à
son extrémité inférieure de manière à former ladite pièce colonnaire, le chauffage d’une extrémité inférieure de
ladite tige de matériau source comme ladite extrémité inférieure de la pièce colonnaire par ladite unité de
chauffage, et le refroidissement d’une extrémité supérieure de ladite tige support comme ladite extrémité su-
périeure de la pièce colonnaire par ladite unité de refroidissement de manière à former un gradient de tempé-
rature à l’intérieur de ladite pièce colonnaire de façon à ce que la face d’extrémité supérieure devienne plus
basse en température que la face d’extrémité inférieure dudit solvant ; et
la croissance continue d’un monocristal de carbure de silicium vers le bas, en partant dudit germe cristallin,
dans lequel ledit procédé comprend en outre :

l’utilisation d’un suscepteur cylindrique interne entourant étroitement la circonférence extérieure de ladite
pièce colonnaire.

2. Procédé de production d’un monocristal de carbure de silicium selon la revendication 1, comprenant en outre le
transport dudit suscepteur cylindrique intérieur à son extrémité inférieure sur l’extrémité supérieure de ladite tige
de matériau source et la suspension de ladite tige support par un élément en forme de bague vissé sur sa circon-
férence extérieure supérieure à partir de l’extrémité supérieure dudit suscepteur cylindrique intérieur de manière à
le maintenir d’une manière ajustable en position verticale.

3. Procédé de production d’un monocristal de carbure de silicium selon la revendication 1 ou 2, comprenant en outre
l’utilisation comme ladite tige de matériau source d’une tige de matériau source prévue avec l’un d’un contre-alésage
cylindrique ou sphérique au niveau de sa face supérieure.

4. Procédé de production d’un monocristal de carbure de silicium selon l’une quelconque des revendications 1 à 3,
comprenant en outre l’utilisation comme ledit solvant d’un constitué de Si et d’au moins un type d’élément coexistant
choisi parmi Y, Sc, un lanthanide, un élément du Groupe I du Tableau Périodique, et un élément du Groupe II du
Tableau Périodique.

5. Procédé de production d’un monocristal de carbure de silicium par précipitation à partir d’une solution en utilisant
un four à gradient de température donnant un gradient de température à une pièce colonnaire dans son sens
longitudinal, comprenant :

l’utilisation comme ledit four à gradient de température d’un four à gradient de température prévu avec des
parois d’isolation thermique entourant une circonférence extérieure de ladite pièce colonnaire, une unité de
chauffage pour chauffer une extrémité inférieure de ladite pièce colonnaire par l’intermédiaire d’un suscepteur
de chauffage, et une unité de refroidissement pour refroidir une extrémité supérieure de ladite pièce colonnaire
par l’intermédiaire d’un suscepteur de refroidissement ;
l’empilement, à l’intérieur dudit four, dans l’ordre à partir du fond, d’une tige de matériau source constituée de
carbure de silicium, d’un solvant, d’un germe cristallin, et d’une tige support supportant ledit germe cristallin à
son extrémité inférieure de manière à former ladite pièce colonnaire, le chauffage d’une extrémité inférieure de
ladite tige de matériau source comme ladite extrémité inférieure de la pièce colonnaire par ladite unité de
chauffage, et le refroidissement d’une extrémité supérieure de ladite tige support comme ladite extrémité su-
périeure de la pièce colonnaire par ladite unité de refroidissement de manière à former un gradient de tempé-
rature à l’intérieur de ladite pièce colonnaire de façon à ce que la face d’extrémité supérieure devienne plus
basse en température que la face d’extrémité inférieure dudit solvant ; et
la croissance continue d’un monocristal de carbure de silicium vers le bas, en partant dudit germe cristallin,
dans lequel ledit procédé comprend en outre :

l’utilisation comme ladite tige de matériau source d’une tige de matériau source prévue avec un contre-
alésage d’un diamètre intérieur égal à un diamètre extérieur dudit germe cristallin sur la face supérieure et
le tirage de ladite tige support au moment où une épaisseur prédéterminée du monocristal est crue de
manière à enlever ledit monocristal dudit solvant.

6. Procédé de production d’un monocristal de carbure de silicium selon la revendication 5, comprenant en outre
l’entourage de ladite pièce colonnaire avec un cylindre d’isolation thermique interposé entre lesdites parois d’isolation
thermique et ladite pièce colonnaire, la formation d’une partie d’extrémité inférieure de ladite tige support de manière
à ce qu’elle ait un diamètre extérieur plus grand que d’autres parties de ladite pièce colonnaire, et la mise d’une
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face circonférentielle extérieure de la partie d’extrémité inférieure de ladite tige support en contact avec une face
circonférentielle intérieure dudit cylindre d’isolation thermique.

7. Procédé de production d’un monocristal de carbure de silicium selon la revendication 5 ou 6, comprenant en outre
l’utilisation d’un dispositif de maintien d’extrémité supérieure de ladite tige support prévu avec un mécanisme de
tampon permettant une libre élévation de ladite tige support.
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