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an SiC solution (15). The crucible (14) includes a cylindrical portion
(34), a bottom portion (36), and an inner lid (38). The bottom portion
(36) is disposed at a lower end of the cylindrical portion (34). The in-
ner lid (38) is disposed in the cylindrical portion (34). The inner lid
(38) has a through hole (40) and is positioned below a liquid surface
of the SiC solution (15) when the SiC solution (15) is contained in the
crucible (14).



WO 2014/013305 A2 WK 00T 000 0 A

84)

PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2014/013305 PCT/IB2013/001524

APPARATUS FOR PRODUCING SiC SINGLE CRYSTAL BY SOLUTION
GROWTH METHOD, AND METHOD FOR PRODUCING SiC SINGLE CRYSTAL
BY USING THE PRODUCTION APPARATUS AND CRUCIBLE USED IN THE
PRODUCTION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001)  The present invention relates to an apparatus for producing a silicon”
carbide (SiC) single ci’ystal by a solution growth method, and a method for producing the
SiC single crystal by using the production apparatus and a crucible that is used in the
production apparatus.

2. Description of Related Art

[06002] SiC is a thermally and chemically stable compound semiconductor.
Due to its superiority to silicon (Si) in terms of band gap, breakdown voltage, electron
saturation velocity, and thermal conductivity, SiC has been attracting much attention as a
material for next-generation power devices.

[0003] A sublimation method has been most commonly used as a method for
producing an SiC single crystal. However, the SiC single crystal produced by the
sublimation method tends to cause defects such as a micropipe defect.

[0004]  Another method for producing the SiC single crystal is a solution growth
method. In the solution growth method, a seed crystal that is composed of the SiC
single crystal is brought into contact with an SiC solution, The SiC solution refers to a
solution that is prepared by dissolving carbon (C) in a melt of Si or an Si alloy. Then, a
super-cooled condition of the SiC solution is created in the vicinity of the seed crystal to
grow the SiC single crystal on a surface of the seed crystal.

[0005]  The SiC single crystal obtained by the solution growth method has the
reduced number of defects such as the micropipe defect. However, a growth speed of

the SiC single crystal is lower in the solution growth method than in the sublimation
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method.

[0006] In order to increase the growth speed of the SiC single_crystal that is
produced by the solution growth method, Japanese Patent Application Publication No.
2006-117441 (JP 2006-117441 A), for example, discloses a method for producing the
high-quality SiC single crystal at a high growth speed by uniformly supplying a solute to
the seed crystal. In the above publication, a rotational speed of a crucible or the
rotational speed and a rotationai direction of the crucible are periodically changed.

[0007]  Despite the above, a further increase in the growth speed has been
desired. ' _ ' '

[0008]  In order to further increase the growth speed, a method for increasing a
degree of supersaturation of carbon in the SiC solution is considered. If an increased
amount of carbon is supplied to the vicinity of the seed crystal in the SiC solution, the

degree of supersaturation of carbon can be increased.

SUMMARY OF THE INVENTION

[0009]  The present invention has a purpose to provide an apparatus for
producing an SiC single crystal in which carbon can be supplied sufficiently to a vicinity
of a seed crystal in an SiC solution, and a method for producing the SiC single crystal by
using the production apparatus and a crucible that is used in the production apparatus.

[0010]  The apparatus for producing an SiC single crystal according to a first
aspect of the present invention is used in a solution growth method. The production
apparatus includes a seed shaft and the crucible. The seed shaft has a lower end surface
to which an SiC seed crystal is attached. The crucible contains the SiC solution. The

crucible includes a cylindrical portion, a bottom portion, and an inner lid. The bottom

‘ pbrtion is disposed at a lower end of the cylindrical portion. The inner lid is disposed in

the cylindrical portion. The inner lid is positioned below a liquid surface of the SiC
solution and includes a through hole.

[0011]  The crucible according to a second aspect of the present invention is
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used in the production apparatus described above.

[0012] A method for producing the SiC single crystal according to a third aspect
of the present invention uses the production apparatus described above.

[0013] In the apparatus for producing the SiC single crystal according to the
above aspects of the present invention, and also in the method for producing the SiC
single crystal by using the production apparatus and the crucible that is used in the
production apparatus, carbon can be supplied sufficiently to the vicinity of the seed

crystal in the SiC solution.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:

- FIG. 1 is a schematic view of an apparatus for producing an SiC single crystal according

to an embodiment of the present invention;

FIG. 2 is a vertical sectional view of a crucible that is shown in FIG. 1;

FIG. 3 is a graph that shows a relationship between a ratio of a distance between a liquid
surface of an SiC solution and an upper surface of an inner lid to a distance between a
lower surface of the inmer lid and an upper surface of a bottom portion and a growth
speed of the SiC single crystal; and

FIG 4isa graph that shows a relationship between a ratio of a diameter of a through hole
to an inner diameter of a éylindrical portion and the growth speed of the SiC single

crystal.

DETAILED DESCRIPTION OF EMBODIMENTS
[0015]  An apparatus for producing an SiC single crystal according to an
embodiment of the present invention is used for a solution growth method. The

production apparatus includes a seed shaft and a crucible. The seed shaft has a lower
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solution. The crucible includes a cylindrical portion, a bottom portion, and an inner lid.
The bottom portion is disposed at a lower end of the cylindrical portion. The inner lid is
disposed in the cylindrical portion. The inner lid includes a through hole and is.
positioned below a liquid surface of the SiC solution when the SiC solution is contained
in the crucible.

[0016]  During the production of the SiC single crystal, vortices are formed in
the SiC solution in the vicinities of the liquid surface and the cylindr;’cal portion and also
in the vicinities of the bottom portion and the cylindrical portion. In the production
apparatus, the inner lid is positioned between the vortex that is formed in the vicinity of
the liquid surface and the vortex that is formed in the vicinity of the bottom portion.

[0017]  If the inner lid is not provided, the vortex that is formed in the vicinity of
the liquid surface interferes with the vortex that is formed in the vicinity of the bottom
portion to interrupt creation of an upward flow toward a erystal growth surface of. the SiC
seed crystal. Even if the upward flow is created, a flow speed tends to be low. Thus,
carbon cannot be supplied sufficiently to the vicinity of the SiC seed crystal.

[0018)  On the other hand, when the inner lid is provided, the vortex that is
formed in the vicinity of the liquid surface and the vortex that is formed in the vicinity of
the bottom portion do not interfere with each other. Accordingly, the upward flow that
passes through the through hole and moves toward the crystal growth surface of the SiC
seed crystal can be created easily. This upward flow is faster than the upward flow
created in a circumstance that the inner lid is not provided. Thus, carbon can be
supplied sufficiently to the vicinity of the SiC seed crystal. ’

[0019]  Preferably, a ratio of a diameter of the through hole to an inner diameter
of the cylindrical portion is 0.40 or greater. In this case, a supply of carbon to the
vicinity of the SiC seed crystal is further increased.
| [0020) Further preferably, a ratio of a distance between the liquid surface of the
SiC solution and an upper surface of the inner lid to a distance between a lower surface of
the inner lid and an upper surface of the bottom portion is 0.17 to 2.86, In this case, the

supply of carbon to the vicinity of the SiC seed crystal is increased even further.
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[0021]  The crucible according to the embodiment of the present invention is
used in the apparatus for producing the SiC single crystal by a solution growth method,
and can contain the SiC solution. The crucible includes the _cylindrical portion, the
bottom portion, and the inner lid. The bottom portion is disposed at theilower end of the
cylindrical portion. The inner lid is disposed in the cylindrical portion and has the
through hole.

[0022] In this case, the upper surface of the inner lid can be positioned in the
SiC solution when the SiC solution is contained in the crucible. Because the SiC
solution that is positioned below the inner 1id is likely to have a higher temperafure and
higher bressure than the SiC solution that is positioned above the inner lid, the SiC
solution that is positioned below the inner lid tends to move upward to the SiC seed
crystal. Consequehtly, carbon can be supplied sufficiently to the vicinity of the SiC seed
crystal.

[0023] A method for producing the SiC single crylstal according to the

- embodiment of the present invention uses the production apparatus,

[0024] A detailed description will hereinafter be made on the apparatus for
producing the SiC si.ngle‘ crystal according to the embodiment of the present invention
with reference to the drawings. The same or similar portions in the drawings are
denoted by the same reference numerals, and their description is not repeated. -

[0025] [Production apparatus] FIG. 1 is a schematic view of an apparatus for
producing an SiC single crystal 10 according to the embodiment of the present invention.

[0026]  The production apparatus 10 includes a chamber 12, a crucible 14, a heat
insulation member 16, a heating device 18, a rotating device 20, and a lifting device 22,

[0027]  The chamber 12 accommodates the crucible 14 therein. The chamber
12 is cooled when the SiC single crystal is produced.

[0028]  The crucible 14 contains an SiC solution 15. The SiC solution 15
contains silicon (Si) and carbon (C),

[0029]  The SiC solution 15 is produced by dissolving a raw material of SiC by

heat. The raw material of SiC is, for example, pure silicon (Si), or a compound of Si
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and another metal element. Examples of the metal element include- titan (Ti),
manganese (Mn), chromium (Cr), cobalt (Co), vanadium (V), Iron (Fe), and the like.
Among these metal elements, Ti and Mn are preferred, and Ti is further preferred. In
addition, the raw material of SiC may contain carbon (C).

[0030]  Preferably, the crucible 14 contains carbon. The crucible 14 may be
made of graphite or SiC, for example. An inner surface of the crucible 14 may be
coated with SiC.  Accordingly, the crucible 14 serves as a carbon supply source for the
SiC solution 15.

[0031]  The insulation member 16 is formed from a heat insulation material and
surrounds the crucible 14.

[0032] The heating device 18 is, for example, a high-frequency coil and
surrounds sidewalls of the insulation member 16. The heating device 18 inductively
heats the crucible 14 to produce the SiC solution 15.

[0033]  Furthermore, the heating device 18 maintains the SiC solution 15 at a
growth temperature. A crystal growth temperature depends on the composition of the
SiC solution 15.  The typical crystal growth temperature is 1,600 to 2,000°C.

[0034] The roiaﬁng device 20 includes a rotational shaft 24 and a drive source
26.

[0035]  The rotational shaft 24 extends in a height direction of the chamber 12 (a
vertical direction of FIG. 1), An upper end of the rotational shaft 24 is positioned in the
insulation member 16, The crucible 14 is disposed on the upper end of the rotational
shaft 24. A lower end of the rotational shaft 24 is positioned outside of the chamber 12.

[0036])  The drive source 26 is disposed below the chamber 12. The drive
source 26 is congectcd to the rotational shaft 24. The drive source 26 rotates the
rotational shaft 24 about a central axis thereof.

[0037)  The lifting device 22 includes the seed shaft 28 and a drive source 30.

[0038]  The seed shaft 28 extends in the height direction of the chamber 12. An
upper end of the seed shaft 28 is positioned outside of the chamber 12. A lower end of

the seed shaft 28 is positioned in the chamber 12,  An SiC seed crystal 32 is attached to
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a lower end surface of the seed shaft 28.

[0039] The SiC seed crystal 32 is plate-shaped and composed of the SiC single
crystal. Preferably, a crystal structure of the SiC seed crystal 32 is the same as a crystal
structure of the SiC single crystal to be produced. For example, when the SiC single
crystal of 4H polymorph is produced, the SiC seed crystal of 4H polymorph is used.
When the SiC seed crystal 32 of 4H polymorph is used, it is preferred that the SiC seed
crystal 32 have a (0001) surface or a surface that is inclined at 8° or less from the (0001)
surface. In this case, the SiC single crystal grows stably.

[0040] The drive source 30 is disposed above the chamber 12. The drive
source 30 is connected to the seed shaft 28. The drive source 30 lifts and lowers the
seed shaft 28. ' The drive source 30 rotates the seed shaft 28 about a central axis thereof.

[0041]  [Crucible] FIG. 2 is a vertical sectional view of the crucible 14 that is
shown in FIG 1. A description will hereinafter be made on the crucible 14 with
reference to FIG. 2.

[0042]) . The crucible 14 includes the cylindrical portion 34, the bottom portion
36, and the inner lid 38.

[0043] The cylindrical portion 34 extends in the vertical direction. The
cylindrical portion 34 is a cylinder, for example. An inner diameter of the cylindrical
portion 34 is sufficiently larger than an outer diameter of the seed shaft 28.

[0044]  The bottom portion 36 is disposed at a lower end of the cylindrical
portion 34, The bottom portion 36 is integrally formed with the cylindrical portion 34,
for example.

[0045]  The inner lid 38 is disposed apart from the bottom portion 36 and above
the bottom portion 36. In other words, the inner lid 38 vertically divides a space in the
crucible 14 into two. Accordingly, an upper accommodation room 39U is formed above
the inner lid 38 while a lower accommodation room 39L is formed below the inner lid 38.

[0046)  When the SiC solution 15 is contained in the crucible 14, the inner lid 38
is positioned below the liquid surface of the SiC solution 15. In other words, the SiC

solution 15 is contained in both the upper accommodation room 39U and the lower
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accommodation room 39L. .

[0047]  The inner lid 38 further has the through hole 40. The through hole 40
extends in the vertical direction (a thickness direction of the inner lid 38). The through
hole 40 connects between the upper accommodation room 39U and thé lower
accommodation room 39L. The through hole 40 is positioned at the center of the innér
lid 38. In this case, the throi.lgh hole 40 is positioned below the SiC seed crystal 32.

[0048] The inner lid 38 is fixed to the cylindrical portion 34.‘ More specifically,
an outer peripheral surface of the inner lid 38 contacts an inner peripheral surface of the
crucible 14 (an inner peripherdl wall of the cylindrical portion 34). In the example
shown in FIG 2, a screw groove 341 is formed on the inner peripheral wall of the
cylindrical portion 34. A screw thread 381 is formed on the outer peripheral surface of
the inner lid 38.  With the screw thread 381 and the screw groove 341, the inner lid 38 is
screwed to the cylindrical portion 34.

[0049] A description will héreinafter be made én the method for producing the
SiC single crystal by using the production apparatus 10.- A

[0050] [Method for producing the SiC single crystal] First, for preparation of the
production apparatus 10, the SiC seed crystal 32 is attached to the seed shaft 28 (a
preparation step). Then, the crucible 14 is disposed iﬁ the chamber 12 to produce the
SiC solution 15 (a production step). Next, the crystal growth surface of the SiC seed
crystal 32 is brought into contact with the SiC solution 15 (a contact step). The SiC
single crystal is then grown (a growth step). Each of the steps is described in detail
below. N

[0051]  [Preparation step] First, the production .apparatus 10 is prepared. Then,
the SiC seed crystal 32 is attached to the lower end surface of the seed shaft 28.

[0052] [Production step] The raw material of SiC is contained in the crucible 14.
An amount of the raw material of SiC is adjusted such that the liquid surface of the SiC
solution to be produced in this step is positioned above the upper surface of the inner lid
38. The raw material of SiC is stacked on the upper surface of the bottom portion 36

and the upper surface of the inner lid 38.
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[0053]  Next, the raw material of SiC in the crucible 14 is dissolved to produce
the SiC solution 15. First, the chamber 12 is filled with inert gas. Then, the raw
material of SiC in the crucible 14 is heated to a melting point or above by the heating

device 18. The raw material of SiC in the crucible 14 that has been stacked on the inner

lid 38 drops through the through hole 40 - when being dissolved.

[0054]  The upper surface of the inner lid 38 méy be inclined downwardly from
an outer peripheral side to an inner peripheral side thereof. 'In this case, when the raw
material of SiC that has been stacked on the inner lid 38 is dissolved, the dissolved raw
material of SiC (that is, the thus-produced SiC solution) is likely to pass through the
through hole 40 and flow toward the bottom portion 36.

[0055]  If the crucible 14 is made of graphite, carbon in the crucible 14 is
dissolved into a melt of the raw material of SiC upon heating of the crucible 14, and the
SiC solution 15 is produced. When carbon in the crucible 14 is dissolved in the SiC
solution 15, a concentration of carbon in the SiC solution 15 approximates its saturation
point.

[0056]  When the SiC solution 15 is produced, the liquid surface of the SiC
solution 15 is positioned above the upper surface of the inner lid 38.

[0057] [Contact step] Next, the crystal growth surface of the SiC seed crystal 32
is brought into contact with the SiC solution 15. More specifically, the seed shaft 28 is
lowered by the drive source 30 to bring the crystal growth surface of the SiC seed crystal
32 into contact with the SiC solution 15. In this case, a temperature gradient becomes
large when compared to a case where the SiC seed crystal 32 is immersed in the SiC |
solution 15. Accordingly, a growth speed of the SiC single crystal is increased.
Needless to say, it is also possible to immerse the SiC seed crystal 32 into the SiC
solution 15. -

[0058]  [Growth step] After the crystal growth surface of the SiC seed crystal 32
is brought into contact with the SiC solution 15, the SiC solution 15 is maintained at a
crystal growth temperature by the heating device 18. Furthermore, the SiC solution 15

in the vicinity of the SiC seed crystal 32 is super-cooled to cause a supersaturated
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condition of SiC.

[0059] A method for super-cooling the SiC solution 15 in the vicinity of the SiC
seed crystal 32 is not particularly limited. For example, the heating device 18 is
controlled to decrease the temperature of the SiC solution 15 in the vicinity of the SiC
seed crystal 32 until the temperature becomes lower than that of the SiC solqtion 15 in
the other areas. Alternatively, the SiC solution 15 in the vicinity of the SiC seed crystal
32 may be cooled by a refrigerant. More specifically, the refrigerant is circulated in the
seed shaft 28.  For example, the refrigerant is the inert gas of helium (He), argon (Ar), or
the like. The SiC seed crystal 32 is cooled by circulation of the refrigerant in the seed
shaft 28, Accordingly, when the SiC seed crystal 32 is cooled, the solution 15 in the
vicinity of the SiC seed crystal 32 is also cooled.

[0060]  The SiC seed crystal 32 and the SiC solution 15 (the crucible 14) are
rotated while SiC in the SiC solution 15 in the vicinity of the SiC seed crystal 32 is
maintained in the supersaturated condition. The SiC seed crystal 32 is rotated along
with the rotation of the seed shaft 28. Also, the crucible 14 is rotated along with the
rotation of the rotational shaft 24. ~ A rotational direction of the SiC seed crystal 32 may
be the same as or opposite from a rotational direction of the crucible 14. In addition, a
rotational speed may be constant or variable. The seed shaft 28 is gradually lifted while
being rotated. At this time, the SiC single crystal is created on the crystal growth
surface of the SiC seed crystal 32 that is immersed in the SiC solution 15, and grows
thereon. The seed shaft 28 may not be lifted while being rotated. Furthermore, the
seed shaft 28 may be neither lifted nor rotated.

[0061]  In the production of the SiC single crystal, the growth speed of the SiC
single crystal can be increased if a degree of supersaturation of carbon in the SiC solution
15 is increased.

[0062]  As described above, in the production apparatus 10, the SiC solution 15
is contained in the upper accommodation room 39U and the lower accommodation room

39L. The upper accommodation room 39U and the lower accommodation room 39L are



10

20

25

WO 2014/013305 PCT/IB2013/001524

11

- [0063)  During the production of the SiC single crystal, the vortices are formed
in the SiC solution 15 in the vicinities of the liquid surface and the cylindrical portion 34
and also in the vicinities of the bottom portion 36 and the cylindrical portion 34. In this
embodiment, the vortex is formed in the vicinity of the cylindrical portion 34 in each of
the upper accommodation room 39U and the lower accommodation room 39L. In other
words, the inner: lid 38 is positioned between the vortex that is formed in the upper
accommodation room 39U and the vortex that is formed in the lower accommodation
room 39L.

[0064] If the inner lid 38 is not provided, the vortex that is formed in the vicinity
of the liquid surface interferes with the vortex that is formed in the vicinity of the bottom
portion 36 to interrupt creation of the upward flow to the crystal growth surface of the
SiC seed crystal 32. Even if the upward flow is created, a flow speed tends to be low.
Thus, carbon cannot be supplicd sufficiently to the vicinity of the SiC seed crystal 32.

[0065]  On the other hand, when the inner lid 38 is provided, the vortex that is
formed in the vicinity of the liquid surface (the vortex that is formed in the upper

accommodation room 39U) and the vortex that is formed in the vicinity of the bottom

portion 36 (the vortex that is formed in the lower accommodation room 39L) do not

interfere with each other. Accordingly, the upward flow that passes through the through
hole 40 and moves toward the crystal growth surface of the SiC seed crystal 32 can be
created easily. This upward flow is faster than the bupward flow created in a
circumstance that the inner lid 38 is not provided. Thus, carbon can be supplied
sufficiently to the vicinity of the SiC seed crystal 32. -

[0066]  Preferably, a distance L1 between the liquid surface of the SiC solution
15 and the upper surface of the bottom portion 36 is 30 to 70 mm. This facilitates the
creation of the upward flow in the SiC solution 15.

[0067]  Preferably, a ratio L3/L2 of a distance L3 between the liquid surface of
the SiC solution 15 and the upper surface of the inner lid 38 to a distance L2 between the
lower surface of the inner lid 38 and the upper surface of the bottom portion 36 is 0.17 to

2.86. In this case, the growth speed of the SiC single crystal is increased. A detailed
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description will be made below on this point.
[0068]  FIG. 3 is a graph that shows a relationship between the ratio L3/L.2 and a
growth speed V (um/hr) of the SiC single crystal. The results shown in the graph of FIG.
3 were obtained from a following experiment.

5 [0069] The plural crucibles were prepared. FEach of the crucibles had a
configuration as shown in FIG 2. The crucibles had the through hole in different size
(diameter D1: see FIG. 2) (66 mm, 80 mm, 100 mm, 120 mm). Also, the distance L2
between the lower surface of the inner lid and the upper surface of the bottom portion
varied among the crucibles (9 mm, 14 mm, 19 mm, 30 mm, 39mm, 44 mm, 46 mm, 49

10 mm). For each of the crucibles, an inner diameter of the crucible (an inner diameter D2
of the cylindrical portion: see FIG. 2) was 130 mm while the inner lid was 5 mm in
thickness, A distance Ll between the liquid surface of the SiC solution that is contained
in each of the crucibles and the upper surface of the bottom portion was 59 mm.

[0070]  During the production of the SiC single crystal, the SiC seed crystal was

15  not immersed in the SiC solution but was brought into contact with the liquid surface of
the SiC solution. The SiC seed crystal was either a quadrilateral plate whose sides were
15 to 25 mm or a disc whose diameter was 2 inches. The growth temperature of the SiC
single crystal was approximately 2,050°C.

[0071] Thickness of the produced SiC single crystal (growth thickness) was

20 measured. Then, the thus obtained growth thickness was divided by a duration of
growth to calculate the growth speed of the SiC single crystal. |
| [0072] Aé shown in FIG 3, in a region where the ratio L3/L2 of the distance
between the liquid surface of the SiC solution and the upper surface of the inner lid to the
distance between the lower surface of the inner lid and the upper surface of the bottom

25 portion is 0 to 0.8, the growth speed V of the SiC single crystal increases with the
increase of the ratio L3/L2. The growth speed V reaches a maximum when the ratio
L.3/L2 is approximately 0.8. In a region whe;e the ratio L3/L2 is greater than 0.8, the
growth speed V decreases with the increase of the ratio L3/L2. As shown in FIG. 3,ina

. .___region where the ratio L3/L2-is-0.17 to-2.86,-the-growth speed V-is-116-pum/hr-or higher-— -



10

15

20

25

WO 2014/013305 PCT/IB2013/001524

13
regardless of the size of the through hole. Therefore, the preferred ratio L3/L2 is in a
range of 0.17 to 2.86.

[0073)  The ratio L3/L2 is more preferably 0.38 or greater. The ratio L.3/L2 is
even more preferably 1.84 or less. In this case, the growth speed V becomes higher than
150um/hr regardless of the size of the through hole.

[0074]  Preferably, a ratio D1/D2 of the diameter of the through hole to the inner
diameter of the cylindrical portion is 0.40 or greater. Further preferably, the ratio Dl/DZ
is 0.50 or greater. Also, in this case, the growth speed of the SiC single crystal is
increased. A detailed description will be made below on this point.

[0075] FIG 4 ié a graph that shows a relationship between the ratio D1/D2 and
the growth speed V (um/hr) of the SiC single crystal. The results shown in the graph of
FIG. 4 were obtained from a following experiment.

[0076]  The plural crucibles were prepared. Each of the crucibles had the
configuration as shown in FIG. 2. The crucibles had the through hole in different size
(diameter D1: see FIG. 2) (30 mm, 66 mm, 80 mm, 100 mm, 120 mm). Also, the
distance L2 between the lower surface of the inner lid and the upper surface of the bottom
portion varied among the crucibles (19 mm, 30 mm, 39 mm). For each of the crucibles,
the inner diameter of the crucible (the inner diameter D2 of the cylindrical portion: see

FiG 2) was 130 mm while the inner lid was 5 mm in thickness. The distance L1

“between the liquid surface of the SiC solution that is contained in each of the crucibles

and the upper surface of the bottom portion was 59 mm.

[0077]  During the production of the SiC single crystal, the SiC seed crystal was

not immersed in the SiC solution but was brought into contact with the liquid surface of

the SiC solution. The SiC seed crystal was either the quadrilateral plate whose sides
were 15 to 25 mm or the disc whose diameter was 2 inches. The growth temperature of
the SiC single crystal was approximately 2,050°C.

10078] The thickness of the produced SiC single crystal (growth thickness) was

measured. Then, the thus obtained growth thickness was divided by the duration of

growth to calculate the growth speed of the SiC single crystal.
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{0079]  As shown in FIG 4, the growth speed V increased with the increase of
the ratio D1/D2. It was estimated that the growth speed V would become 130 um/hr or
higher if the ratio D1/D2 was 0.4 or greater. Actually, the growth speed V became 150
um/hr or higher when the ratio D1/D2 was 0.5 or higher. Therefore, the preferred ratio
D1/D2 is 0.40 or greater, and the ratio D1/D2 of 0.50 or greater is even more preferred.
In addition, the preferred ratio D1/D2 is 0.92 or less.

[0080] Further preferably, the ratio D1/D2 is 0.7 to 0.8. In this case, the
growth speed V becomes higher than 165um/hr.

[0081]  The embodiment of the present invention has been described so far in
detail. However, it is merely an example, and the present invention is not limited by the
above-described embodiment in any way.

[0082]  For example, the configuration of the production apparatus other than the
crucible is not limited to that shown in FIG. 1, and any configuration can be adopted as

long as the production apparatus can be used for the solution growth method.
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CLAIMS

1. An apparatus for producing an SiC single crystal by a solution growth method
characterized in that the apparatus comprises a seed shaft having a lower end surface to
which an SiC seed crystal is attached, and a crucible for containing an SiC solution, and

the crucible includes a cylindrical portion, a bottom portion disposed at a lower end
of the cylindrical portion, and an inner lid disposed in the cylindrical portion, and

the inner lid includes a through hole and is positioned below a liquid surface of the

SiC solution when the SiC solution is contained in the crucible.

2. The production apparatus according to claim 1 wherein

a ratio of a diameter of the through hole to an inner diameter of the cylindrical

portion is 0.40 or greater.

3. The production apparatus according to claim 1 or 2 wherein
a ratio of a distance between the liquid surface of the SiC solution and an upper
surface of the inner lid to a distance between a lower surface of the inner lid and an upper

~ surface of the bottom portion is 0.17 or gréater and 2.86 or less.

4. A crucible used in an apparafus for producing an SiC single crystal by a solution
growth method and capable of containing an SiC solution, the crucible characterized in
that the crucible includes:

a cylindrical portion;

a bottom portion disposed at a lower end of the cylindrical portion; and

an inner lid having a through hole and disposed in the cylindrical portion.

5. The crucible according to claim 4 wherein
a ratio of a diameter of the through hole to an inner diameter of the cylindrical

portion is 0.40 or greater.
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6. A method for producing an SiC single crystal by a solution growth method, the
method characterized in that the method comprises:

a step of preparing a seed shaft that extends in a vertical direction and a crucible
that includes a cylindrical portion, a bottom portion disposed at a lower end of the
cylindrical portion, and an inner lid having a the through hole and disposed in the
cylindrical portion;

a step of attaching an SiC seed crystal to a lower end surface of the seed shaft;

a step of heating the crucible that contains a raw material to produce an SiC
solution; '

a step of bringing the SiC seed crystal that is attached to the lower end surface of
the seed shaft into contact with the SiC solution; and

a step of growing an SiC single crystal on the SiC seed crystgl_,

wherein, in the step of producing the SiC solution, the inner lid is positioned below

a liquid surface of the SiC solution to be produced.
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FIG. 3
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FIG. 4
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