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molar ratio of Si and the additive metal is lower than
an initially set value as the reaction progresses. The
method increases a crystal growth speed, maintains
the growth speed, and prevents the growth from un-
willingly stopping when the silicon carbide single
crystal is manufactured using a solution growth pro-
cess.
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Description

Title of Invention: PROCESS FOR GROWING SILICON

CARBIDE SINGLE CRYSTAL AND DEVICE FOR THE SAME

[1]

[2]

[3]

[4]

[5]

Technical Field

The present invention relates to a method for manufacturing a silicon carbide single
crystal using a solution process and a device for manufacturing a single crystal used in

the same.

Background Art

Having a characteristic that is better than that of silicon as a semiconductor material
that has been most frequently used in recent years, a compound semiconductor
material such as silicon carbide, gallium nitride (GaN) and aluminum nitride has been
extensively studied as the next generation semiconductor material. Particularly, silicon
carbide has excellent mechanical strength, thermal stability, and chemical stability,
very high thermal conductivity of 4 W/cn or more, and an operation critical tem-
perature of 650°C or less, which is even higher than the operation critical temperature
of 200°C or less of silicon. Further, when a crystalline structure is 3C silicon carbide,
4H silicon carbide, and 6H silicon carbide, band gaps are 2.5 eV or more, which is two
times higher than that of silicon, such that silicon carbide is very useful as a semi-
conductor material for high electric power and low loss conversion devices and,
recently, has been considered as a light semiconductor such as an LED and a semi-
conductor material for converting electric power.

Typically, examples of a process for growing a silicon carbide single crystal include
an Acheson process for reacting carbon and silica in a high temperature electric
furnace at 2000°C or more, a sublimation process for sublimating silicon carbide as a
raw material at a high temperature of 2000°C or more to grow the single crystal, and a
chemical vapor deposition process for performing chemical deposition using a gas
source.

In the processes, it is very difficult to manufacture a silicon carbide single crystal
having high purity using the Acheson process, and the silicon carbide single crystal is
grown in a limited thickness to form a thin film by the chemical vapor deposition
process. Accordingly, studies of growth of the silicon carbide single crystal are focused
on the sublimation process for sublimating silicon carbide at high temperatures to grow
crystals.

However, the sublimation process is typically performed at a high temperature of
2200°C or more and has a strong possibility of generating various faults such as a

micropipe and stacking faults, thus being limited in terms of costs of production.
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A liquid phase growth process using a Czochralski process is used to grow a silicon
carbide single crystal, avoiding disadvantages of the sublimation process. The liquid
phase growth process for silicon carbide single crystal typically includes charging
silicon or silicon carbide powder in a graphite crucible, increasing the temperature to
about 1600 to 1900°C, and coming the silicon carbide seed disposed at an upper side of
the crucible into contact with molten liquid to grow crystals from the surface of the
silicon carbide seed. However, the process has low economic efficiency because of a
very low crystal growth speed of 50 um/hr or less.

Disclosure of Invention

Technical Problem

An object of the present invention is to provide a method for manufacturing silicon
carbide, which increases a crystal growth speed, maintains the growth speed, and
prevents the growth from unwillingly stopping when a silicon carbide single crystal is
manufactured using a solution growth process.

Another object of the present invention is to provide a device for manufacturing
silicon carbide, efficiently and periodically feeding a silicon feedstock during growth
of a crystal.

Solution to Problem

In one general aspect, a method for manufacturing a silicon carbide single crystal
including coming a seed crystal substrate for growing silicon carbide into contact with
a Si-C alloy solution including at least one additive metal and growing the silicon
carbide single crystal on a seed crystal for growing silicon carbide, includes feeding a
silicon feedstock into an alloy solution when a molar ratio of Si and the additive metal
is lower than an initially set value as the reaction progresses.

At least one selected from silicon, a mixture of silicon and carbon, and silicon
carbide may be used as the silicon feedstock.

A feeding amount of the silicon feedstock may depend on a calculated molar
reduction amount of silicon of the alloy solution based on a growth thickness of the
silicon carbide single crystal as the reaction progresses.

It is preferable that the feeding of a silicon feedstock is performed several times in an
amount of up to 0.02 to 15 wt% based on an amount of a silicon element in a crucible
in views of melting the additionally fed silicon feedstock and homogeneity of the
grown silicon carbide single crystal.

The feeding of a silicon feedstock may be performed in the same atmospheric gas as
an atmospheric gas in a crucible.

The feeding of a silicon feedstock may be performed at a pressure that is higher than

a pressure in the crucible.



WO 2012/053782 PCT/KR2011/007701

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

In another general aspect, a device for manufacturing a silicon carbide single crystal
using a solution growth process, which includes a crucible receiving a Si-C alloy
solution including at least one additive metal in a growth furnace and a seed crystal
fixed shaft including a seed crystal substrate for growing silicon carbide, includes a

silicon feed unit feeding a silicon feedstock into the crucible.
In consideration of the rotatable crucible, the silicon feed unit may include a feed

tube having a tube shape formed through at least a portion of the seed crystal fixed
shaft.

For convenience of the provision, the silicon feed unit may include a feed tube
having a tube shape separated from the seed crystal fixed shaft.

The silicon feed unit may include a gas supply tube supplying an atmospheric gas.

Advantageous Effects of Invention

According to a method for manufacturing a silicon carbide single crystal of a general
aspect of the present invention, silicon and another metal are further included in an
alloy solution to prevent a growth speed of the single crystal from being reduced and
growth of the single crystal from unwillingly stopping, thus increasing the growth
speed of the single crystal.

According to a device for manufacturing a silicon carbide single crystal of another
general aspect of the present invention, a silicon feedstock is fed through a separate
feeding entrance to prevent growth of the single crystal of a seed from being hindered
and additionally and easily feeding silicon as the reaction progresses while atmosphere

pressure in a reaction crucible is not reduced.

Brief Description of Drawings

The above and other objects, features and advantages of the present invention will
become apparent from the following description of preferred embodiments given in
conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic view illustrating an example of a device for manufacturing a
silicon carbide single crystal using a known solution growth process.

FIG. 2 is a schematic view of a device for manufacturing a silicon carbide single
crystal according to a first embodiment of the present invention.

FIG. 3 is a schematic view of a device for manufacturing a silicon carbide single
crystal according to a second embodiment of the present invention.

[Detailed Description of Main Elements]

1, 11: alloy solution

2, 12: crucible

3, 13: substrate

4, 14: seed crystal fixed shaft
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5, 15: heat emitting body
6, 16: growth furnace

7, 17: lower plate

51: silicon feedstock supply tube

52: silicon feedstock feed valve

53: gas supply valve

54: gas connection tube

55: silicon feedstock storage hopper
56: silicon feedstock feeding entrance

57: manometer

Best Mode for Carrying out the Invention

Hereinafter, the embodiments of the present invention will be described in detail with
reference to accompanying drawings.

The present invention relates to a method for manufacturing a silicon carbide single
crystal including coming a seed crystal substrate for growing silicon carbide into
contact with a Si-C alloy solution including at least one additive metal and growing the
silicon carbide single crystal on a seed crystal for growing silicon carbide using a
solution growth process, which includes feeding a silicon feedstock into an alloy
solution when a molar ratio of Si and the additive metal is lower than an initially set
value as the reaction progresses.

In the above and following descriptions, it will be understood that the term "silicon
feedstock" includes all raw materials not hindering a reaction of an alloy solution and
supplying silicon, and examples thereof may include silicon, a mixture of silicon and
carbon, or silicon carbide, but are not limited thereto.

A typical solution growth process of a silicon carbide single crystal includes coming
a silicon carbide seed crystal into contact with a solution having dissolved carbon in a
solution including silicon (hereinafter, referred to as 'Si-C solution’) to grow the silicon
carbide single crystal. The silicon carbide seed crystal in contact with the Si-C solution
comes into contact with a front end of the seed crystal fixed shaft and drawn by the
seed crystal fixed shaft to grow the silicon carbide single crystal from the Si-C solution
on the silicon carbide seed crystal.

In the solution growth process of the silicon carbide single crystal, the Si-C solution
has a low carbon solubility in the solution and a low concentration of silicon carbide in
the solution, causing a low growth speed of a crystal.

Studies have been made of adding at least one additive metal to the Si-C solution to
avoid the disadvantages. The ratio of Si and additive metal in the alloy solution largely

affects the growth speed, and with respect to this, studies have been made for an
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optimum composition ratio and desired types of additive metal. The additive metal
includes various transition metals or mixtures thereof selected in consideration of the
growth speed of the single crystal but is not limited thereto, and examples thereof may
include Ti, Cr, Al, Fe, Co, Dy or La.

Silicon of the alloy solution is a metal element participating in growth of the silicon
carbide single crystal, and other metal elements are used as additive metal. In other
words, metals other than silicon are added to reduce a melting point and do not directly
participate in the reaction in growth of the silicon carbide single crystal.

Accordingly, the concentration of silicon of the alloy solution is reduced as the
reaction progresses to break the balance of the initially set ratio of Si and additive
metal. Therefore, unwillingly, the growth speed of the single crystal is significantly
reduced or, in extreme cases, the growth may stop.

Accordingly, in the general aspect of the present invention, the silicon feedstock is
fed into the alloy solution when a molar ratio of Si and the additive metal is lower than
an initially set value as the reaction progresses.

The wording "feeding of the silicon feedstock" does not mean refeeding or additional
feeding of the alloy solution, but means that only the silicon feedstock is fed, if
necessary or periodically, into the alloy solution in which the main reaction occurs as
the reaction progresses silicon feedstock.

When the silicon feedstock is fed as the reaction progresses, an amount thereof may
be derived using various processes, and illustrative but non-limiting examples of the
processes include a process for calculating the molar amount of Si of the alloy solution
reduced as the reaction progresses based on a growth thickness of the silicon carbide
single crystal and determining the amount of fed silicon within a predetermined range
based on the calculated molar amount of Si reduced.

However, since the alloy solution is substantially melted so as not to include a solid
in the crucible, when the silicon feedstock powder is fed, a reaction temperature is
reduced or the alloy solution and the silicon feedstock powder are not homogeneously
mixed, thus negatively affecting physical properties of the grown single crystal.

In consideration of this, it is preferable that the feeding of a silicon feedstock is
performed several times in an amount of up to 0.02 to 15 wt% based on an amount of a
silicon element in a crucible in views of melting the additionally fed Si and ho-
mogeneity of the grown silicon carbide single crystal.

Further, affects to the external environmental by the inside of the alloy solution in
which a reaction is performed needs to be minimized when the silicon feedstock is fed,
accordingly, it is preferable that the silicon feedstock is fed in the same atmospheric
gas as the atmospheric gas in the crucible.

It is preferable that the atmospheric gas in the crucible is a non-oxidizing at-
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mospheric gas, and examples of the preferable non-oxidizing atmospheric gas may
include one or more of gases such as He, Ne, and Ar. The inert gas may be used in a
mixture form with nitrogen, or carbon-containing gas such as methane.

When the silicon feedstock is added to the alloy solution, it is preferable that the
silicon feedstock is fed in the same atmospheric gas as the atmospheric gas in the
crucible so as not to hinder the atmosphere in the crucible.

Further, it may be preferable that the silicon feedstock is fed at a pressure that is
higher than that of the crucible in the method for manufacturing the silicon carbide
single crystal in order to prevent the reaction solution from evaporating. Examples of a
process for feeding the silicon feedstock at a pressure that is higher than that of the
crucible may include a process for applying a vacuum, supplying the same gas as the
atmospheric gas in the crucible to form a high pressure environment, and feeding the
silicon feedstock into the crucible.

It is preferable that the pressure in the crucible is 0.1 to 1 MPa, and the pressure may
be typically an atmospheric pressure.

In the general aspect of the growth process of the silicon carbide single crystal using
the solution growth process, silicon and various additive metal elements are added to
the graphite crucible having high purity, and heated in an inert gas atmosphere to a set
temperature to melt the feedstock. The continuous heating of the set temperature is
performed to melt carbon in the solution from the crucible and form a silicon carbide
solution. The continuous heating of the set temperature is performed until a con-
centration of carbon in the solution reaches a saturation concentration, and a seed
crystal is then precipitated in the solution. The seed crystal is precipitated, and, after a
while, the solution is slowly cooled to grow the silicon carbide single crystal on the
seed crystal. The silicon feedstock is fed preferably after the temperature in the
crucible is increased to 1300°C or more and more preferably after the temperature is
increased to 1650°C or more, that is, after the crystal starts to grow in the solution
during the growth of SiC.

When the silicon feedstock is fed as the reaction progresses to maintain the ratio of Si
and additive metal within a predetermined range, a device for feeding the silicon
feedstock is not particularly limited, but, for example, a general aspect of the present
invention provides a device for manufacturing a silicon carbide single crystal using a
solution growth process, which includes a crucible receiving a Si-C alloy solution
including at least one additive metal and a seed crystal fixed shaft including a seed
crystal substrate for growing silicon carbide, including a silicon feed unit feeding a
silicon feedstock into the crucible.

In manufacturing the silicon carbide single crystal using the solution process, a

device for manufacturing a silicon carbide single crystal includes a crucible receiving
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an alloy solution (solvent), for example, a graphite crucible, a solvent, an external
heater such as a high frequency coil, an insulator, a seed crystal fixed shaft moving
upward and downward to support a substrate, and the substrate provided at a front end
of the seed crystal fixed shaft.

An embodiment thereof shown in FIG. 1 includes a crucible 2 containing an alloy
solution 1 including silicon or additive metal; a seed crystal fixed shaft 4 to which a
substrate 3 is attached; a heat emitting body 5; a growth furnace 6; and a lower plate 7
rotating the crucible if necessary.

The crucible 2 made of a graphite material may be used as a source providing carbon.
Further, the heat emitting body 5 may be a resistance type heat emitting body or an
inductive heating type heat emitting body. Inert gas such as argon or helium fills the
growth furnace 6, and the degree of vacuum may be typically 100 to 1500 torr. A
vacuum pump and a gas cylinder for controlling the atmosphere not shown in the
drawings may be connected through a valve to the growth furnace 6 to maintain the
above atmosphere.

Further, the seed crystal fixed shaft 4 connected to the substrate may move upward
and downward and rotate at a predetermined rate to control a temperature distribution
in the crucible. Further, the lower plate 7 supporting the crucible may rotate at prede-
termined rpm if necessary.

However, it may be difficult to feed the silicon feedstock during the growth of the
single crystal by a device for growing the single crystal shown in FIG. 1.

Accordingly, the general aspect of the present invention provides a device for manu-
facturing a silicon carbide single crystal including a separate silicon feed unit to feed
the silicon feedstock.

A detailed description is given of an embodiment of the present invention with
reference to the accompanying drawings below.

FIG. 2 illustrates a first embodiment of the device for manufacturing the silicon
carbide single crystal including the silicon feed unit to feed the silicon feedstock in the
general aspect of the present invention.

The device for manufacturing the silicon carbide single crystal according to the first
embodiment is provided in consideration of the rotatable crucible, and the silicon feed
unit may include a feed tube having a tube shape formed through at least a portion of
the seed crystal fixed shaft.

To be specific, illustrative but non-limiting examples of elements constituting the
silicon feed unit may include a silicon feedstock storage hopper 55, a silicon feedstock
feed valve 52 controlling the silicon feedstock to be fed from the silicon feedstock
storage hopper 55 to the growth furnace, a silicon feedstock feeding entrance 56

through which the silicon feedstock is supplied to the silicon feedstock storage hopper
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55, and a gas connection tube 54 and a gas supply valve 53 controlling the atmosphere
in the hopper. Further, a manometer 57 may be attached to measure pressure in the
hopper. Further, a silicon feedstock feed tube 51 is formed through a seed crystal fixed

shaft 14 to feed the silicon feedstock from the hopper to the crucible.
With respect to the feeding of the silicon feedstock into the crucible using the device,

a predetermined amount of silicon feedstock is fed through the silicon feedstock
feeding entrance 56 into the silicon feedstock storage hopper, and the feeding entrance
is then closed to seal the hopper. In this connection, the silicon feedstock feed valve 52
to the growth furnace is closed. When the feeding of the silicon feedstock into the
silicon feedstock storage hopper is finished, the hopper is evacuated through the gas
connection tube 54 using an external vacuum pump (not shown). Subsequently, the
same gas as the atmospheric gas in the growth furnace is supplied through the gas
connection tube 54 to maintain a pressure that is higher than that of the growth furnace.
Subsequently, the gas supply valve 53 is closed, and the silicon feedstock feed valve
52 is opened to feed the silicon feedstock from the hopper to the crucible 12.

In the case where the crucible lower plate 17 in FIG. 2 does not need to be provided
because the crucible does not need to rotate, the silicon feedstock feed tube does not
need to be formed through the seed crystal fixed shaft unlike the first embodiment, and
in this case, a separate silicon feed unit according to a second embodiment shown in
FIG. 3 may include a feed tube separated from the seed crystal fixed shaft for the con-
venience of installation.

The device according to the second embodiment has the same constitutional elements
and driving method as the device according to the first embodiment, with the exception
of the formation position of the silicon feed unit, accordingly, a detailed description
thereof is omitted.

Industrial Applicability

According to general aspects of the present invention, it is preferable that a separate
silicon feed unit is provided because a crystal continuously grows even though silicon
solids are dispersed in a molten raw material.

The first and the second embodiments are set forth to illustrate a device for manu-
facturing a silicon carbide single crystal, but are not construed to limit the technical
spirit of providing a silicon feed unit for additionally feeding a silicon feedstock

according to the present invention.
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[Claim 6]
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[Claim 8]
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[Claim 10]

PCT/KR2011/007701

Claims

A method for manufacturing a silicon carbide single crystal including
coming a seed crystal substrate for growing silicon carbide into contact
with a Si-C alloy solution including at least one additive metal and
growing the silicon carbide single crystal on a seed crystal for growing
silicon carbide, comprising:

feeding a silicon feedstock into an alloy solution when a molar ratio of
Si and the additive metal is lower than an initially set value as the
reaction progresses.

The method of claim 1, wherein at least one selected from silicon, a
mixture of silicon and carbon, and silicon carbide is used as the silicon
feedstock.

The method of claim 1, wherein a feeding amount of the silicon
feedstock depends on a calculated molar reduction amount of silicon of
the alloy solution based on a growth thickness of the silicon carbide
single crystal as the reaction progresses.

The method of any one of claims 1 to 3, wherein the feeding of a
silicon feedstock is performed several times in an amount of up to 0.02
to 15 wt% based on an amount of a silicon element in a crucible.

The method of claim 1, wherein the feeding of a silicon feedstock is
performed in the same atmospheric gas as an atmospheric gas in a
crucible.

The method of claim 4, wherein the feeding of a silicon feedstock is
performed at a pressure that is higher than a pressure in the crucible.

A device for manufacturing a silicon carbide single crystal using a
solution growth process, which includes a crucible receiving a Si-C
alloy solution including at least one additive metal in a growth furnace
and a seed crystal fixed shaft including a seed crystal substrate for
growing silicon carbide, comprising:

a silicon feed unit feeding a silicon feedstock into the crucible.

The device of claim 7, wherein the silicon feed unit includes a feed
tube having a tube shape formed through at least a portion of the seed
crystal fixed shaft.

The device of claim 7, wherein the silicon feed unit includes a feed
tube having a tube shape separated from the seed crystal fixed shaft.
The device of claim 7, wherein the silicon feed unit includes a gas

supply tube supplying an atmospheric gas.
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[FIG. 3]
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