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located within the hot zone and the crucible has an opening. Either a cru-
cible 1id covers the opening of the crucible, and the crucible lid has a first
conduit which extends therefrom or a crucible enclosure surrounds at least a
side wall and a top portion of the crucible and the crucible enclosure is im-
permeable to at least carbon preventing carbon contamination of a melt con-
tained within the crucible.
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[CO01IFURNACE EMPLOYING COMPONENTS FOR USE WITH GRAPHITE HOT

ZONE
[0002] FIELD OF THE INVENTION
{0003} The present invention generally relates {o crystal growth furnaces and hot

zones and, more particularly, relates to providing a barrier formed between the
crucible and the hot zone of the furnace, which is impermeable to graphite/carbon
or any cother undesired components and/or constituents, so as to prevent

contamination of the sapphire crystal during crystal growth process.

[0004] BACKGROUND OF THE INVENTION

{0005] Hot zones are components in high-temperature furnaces used for various
applications, including the growth of crystals such as sapphire, silicon, and other
similar materials. During crystal growth process, a hot zone typically includes at least
one heating element and at least one insulating element surrounding the heating
element. A charge material, located within a crucible, is melted within the hot zone
and then gradually allowed to cool within the furnace thereby forming the desired
crystal.

1G006) The insulating elements of a hot zone are typically formed from graphite (or
other carbon-containing materials) and/or one or more refractory metals. Inaddition,
due to their reduced cost, the heating elements may also be manufactured from
graphite. Graphite hot zones are relatively inexpensive — compared to refractory
metal hot zones — and also provide excellent insulation, but contamination of the
melt, contained within the crucible during the crystal growing process, is a great
concern. More specifically, any contamination, e.g., carbon atoms or other
molecules which separate from either the graphite heating element and/or the
graphite insulating element, as particles or gaseous species, can interact with the
melt and cause one or more defects or imperfections within the crystal during the
crystal growth process. Such defeci(s) or imperfection(s) thereby cause poor
furnace performance or a portion of the grown crystal to be unsatisfactory since such
a defective portion of the crystal cannot be utilized for further processing and must

be generally discarded.
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{0007] in view of the above background, there is a need for a system and a method
which prevents any carbon or the undesired components and/or constituents, from
a graphite hot zone as well as other portions of the furnace, from interacting and

contaminating a melt during crystal growth process.

[0008] SUMMARY OF THE INVENTION

{0009} Wherefore, it is an object of the present invention to overcome the above
mentioned shortcomings and drawbacks associated with the prior art.

1060107 An object of the present invention is to provide an improved furnace for
growing crystals and, in particular, a sapphire crystal. The furnace includes afurnace
housing, a hot zone comprising insulation and at least one heater, a crucible located
within the hot zone, and a crucible lid located at and at least partially covering the
opening of the crucible. The crucible lid includes a first conduit which extends
vertically upward from the crucible lid and provides access to the interior chamber
of the crucible. The crucible lid and the first conduit assist with further partitioning
and/or segregation of a melt, contained within the crucible, from the remainder of the
furnace

(0011} Another object of the present invention is to provide a furnace for growing
sapphire crystal. The furnace includes a furnace housing, a hot zone comprising
insulation and at least one heater, a crucible located within the hot zone, and a
crucible enclosure surrounding at least a portion of an exterior wall and/or top
opening of the crucible for preventing carbon or the undesired components and/or
constituents, from a graphite hot zone as well as other portions of the furnace, from
contaminating and interacting with the melt contained within the crucible during
crystal growing process.

[0012] A still further object of the present invention is {o provide an impermeable
barrier between the melt, contained within the crucible, and the graphite hot zone(s)
so as to prevent any undesired contamination of the melt, during the crystal growing
process, and thereby minimize the possibility of any defects from occurring within
the crystal during the crystal growing process.

10013] Yet another object of the present invention is to slightly pressurize the interior

chamber of the crucible with a desired (inert) gas, such as argon or helium for
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example, and slowly bleed off and/or exhaust a portion of the supplied desired (inert)
gas into the remaining area of the furnace so as to minimize the flow of any
contaminates, e.g., molecules, atoms or minute particles or constituents, from the

hot zone into the interior chamber of the crucible.

10014} A still further object of the present invention is to totally enclose or encase

both the crucible as well as the melt contained therein, while located within the
furnace, in order {o prevent the migration of any carbon or other undesired atoms,
molecules and/or impurities through the top opening of the crucible or through an
exterior surface of the crucible and eventually migrating into and contaminating the

melt, contained within the crucible, during the crystal growing process.

[0015] Still another object of the present invention is to completely, or at least

sufficiently, partition and otherwise separate or segregate both the crucible and the
melt, from a remainder of the furnace, e.g., the hot zone, the insulation, etc., while
still permitting a pyrometer to be introduced into the interior chamber of the crucible

and monitor the crystal during the crystal growing process.

0016} Yet another object of the present invention is to completely line, coat or plate

the entire exterior surface of the crucible with a material which is impermeable to
carbon, and/or other undesired constituents, so as to prevent the flow or migration
of carbon, and/or other undesired constituents, through the crucible wall and info the

melt, contained within the crucible, during the crystal growing process.

{0017} The present invention also relates to a furnace for growing sapphire crystal,

the furnace comprising: a furnace housing; a hot zone comprising insulation and at
least one heater both being accommaodated within the furnace housing; a crucible
being located within the hot zone and the crucible having an opening; and a crucible
lid covering at the opening of the crucible, and the crucible lid having a first conduit

extending therefrom.

{0018} The present invention also relates to a furnace for growing sapgphire crystal,

the furnace comprising:  a furnace housing; a hot zone comprising insulation and
at least one heater both being accommodated within the furnace housing; a crucible
being located within the hot zone and the crucible having an opening; and a crucible
enclosure surrounding at least a portion of an exterior wall of the crucible with the

crucible enclosure being impermeable to at least carbon.

R
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(0019} The present invention additionally relates to a method of growing a sapphire
crystal in a furnace which comprises a furnace housing, a hot zone which comprises
insulation and at least one heater both accommodated within the furnace housing;
a crucible located within the hot zone and the crucible having an opening; and at
least one of a crucible enclosure, which is impermeable to at least carbon, covering
at least the opening of the crucible and at least a portion of a side wall of the crucible
or a crucible lid covering at the opening of the crucible and a first conduit extending
from the crucible lid, the method comprising the step of: forming a barrier, via at
least one of the crucible enclosure and the crucible lid and the first conduit, between
a melt contained within the crucible and the hot zone of the furnace for preventing
contamination of the melt, contained within the crucible, by carbon when growing the

sapphire crystal in the furnace.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS

{0021} The accompanying drawings, which are incorporated in and constitute a part
of the specification, illustrate various embodiments of the invention and together with
the general description of the invention given above and the detailed description of
the drawings given below, serve to explain the principles of the invention. itistobe
appreciated that the accompanying drawings are not necessarily drawn {o scale
since the emphasis is instead placed on illustrating the principles of the invention.
The invention will now be described, by way of example, with reference to the
accompanying drawings in which:

[0022] Fig. 1 is a diagrammatic cross-sectional view of a furnace according to a first
embodiment of the invention,

10023} Fig. 2 is a diagrammatic cross-sectional view of a furnace according o a
second embodiment of the invention;

10024} Fig. 3 is a diagrammatic cross-sectional view of a furnace according to a third
embodiment of the invention;

{6025] Fig. 4 is a diagrammatic cross-sectional view of a furnace according o a
fourth embodiment of the invention;

100286] Fig. 5 is a diagrammatic cross-sactional view of a furnace according to a fifth

embodiment of the invention;
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[0027] Fig. 6 is a diagrammatic cross-sectional view of a furnace according to a sixth
embodiment of the invention;

[0028] Fig. 6Ais a diagrammatic cross-sectional view of a furnace, similarto the Fig.
8, showing a crucible enclosure formed by a relatively thin lining, coating or layer of
material;

{0029} Fig. 7 is a diagrammatic cross-sectional view of a furnace according to a
seventh embodiment of the invention; and

{0030} Fig. 8 is a diagrammatic cross sectional view of a furnace according to an

gighth embodiment of the invention.

[0031] DETAILED DESCRIPTION OF THE INVENTION

{0032} The present invention relates to crystal growth by directional solidification of
molten sapphire, such as the methods described in co-pending applications U.S.
patent application serial nos. 12/588,656 and 12/908,471, and the disclosures of
each of those references is hereby incorporated by reference in their entireties.

16033} The present invention will be understood by reference to the following detailed
description which should be read in conjunction with the appended drawings. ltis
to be appreciated that the following detailed description, concerning various
embodiments of implementing the present invention, is by way of example only and
is not meant to limit, in any way, the scope of the present invention.

10034} Referring now fo Fig. 1, the system generally comprises a furnace 100 for
growing sapphire crystal and the furnace 100 includes an exterior furnace housing
103. A heater 107 is accommodated within the furnace 100 along with conventional
insulation 105, in a conventional manner, and, the heater 107 and the insulation 105
together form what is commonly referred to as the “hot zone”, and thus a further
detail description concerning the same is not provided. The insulation 105 generally
comprises planar top shield insulation 106, cylindrical side shield insulation 104, and
generally planar bottom shield insulation 108 which together insulate the top, side
and botiom of the furnace. The itop shield insulation 106 typically includes a
centrally located hole 123 for permitting desired instrumentation 121, such as a
probe rod or a pyrometer, to pass therethrough and enter inside the furnace and into

an interior chamber 110 of a crucible 109 to detect the desired parameter(s), e.g.,

‘.:.!i
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the temperature, the rate of growth of the crystal, etc. The crucible 109 is generally
located within and accommodated by the hot zone of the furnace 100. The interior
chamber 110 of the crucible 109 is typically filled with a desired seed material 115
as well as a desired source material {not shown in detall in this Figure). Prior to
commenacing growth of the crystal, all of the source material as well as a portion of
the seed material 115, e.g., only the top portion but not the base portion of the seed
material 115 contained within the interior chamber 110 of the crucible, must be
melted so that, immediately prior to crystal growth, the crucible contains both a
sapphire melt 113 and some solid seed crystal 115.

{0035] A top end of an adjustable cooling rod 118 carries a circular disk shaped
support {e.g., about 40 mm in diameter). A central bottom portion of the crucible 108
has a mating recess or indentation which facilitates releasable support of the
crucible 109 by the circular disk shaped support of the adjustable cocling rod. The
circular disk shaped support is sized to be captively received within the circular
recess or indentation of the crucible 108 and facilitate secure but releasable
retention of the crucible 109 so that the cooling rod can facilitate convey the crucible
109 vertically upwardly and downwardly, as is conventional in the art, in order to
control growth of the crystal during the crystal growing process. A cooling fluid
supply conduit (not shown in detail) is accommodated centrally within the cooling rod
116 for supplying a cooling fluid directly to a bottom surface of the circular disk
shaped support to facilitate cooling thereof. The circular disk shaped support, in
turn, facilitates cooling of only the central bottom portion of the crucible 109 and the
supported seed crystal 115 so as to prevent the seed crystal 115 from completely
melting. The cooling fluid is conveyed away from the circular disk shaped support
by flowing vertically downward along the exterior surface of the cooling fluid supply
conduit and the interior surface of the cooling rod 116.

[0036] The instrument hole 123 provides access to the interior chamber 110 of the
crucible. The instrument hole 123 is shown in a central portion of the furnace 100
but, it is to be appreciated, that the instrument hole 123 may be located in any other
desired location. A top opening of the crucible 109 is typically covered or sealed by
a crucible lid 117 which segregates and/or partitions the interior chamber 110 of the

crucible from a remainder of the interior compartment 99 of the furnace 100. As

e
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generally shown in Fig. 1, a central portion of the crucible lid 117 has a first (crucible
lid) conduit 119 which extends substantially normal to the crucible lid 117 toward the
hole 123 and extends through the top shield insulation 106.

[0037] Preferably the first conduit 119 and the hole 123 are aligned with one another
to facilitate passing the desired instrumentation 121, such as the probe rod, through
both the hole 123 of the top shield insulation 108 and the first conduit 119 of the
crucible lid 117 and into the interior chamber 110 of the crucible 109 to facilitate
access the melt 113 and/or the seed crystal 115 contained within the crucible. The
first conduit 119 is arranged and designed for physically shielding the probe rod 121
from being exposed to carbonaceous deposits and other contaminants which are
contained within the interior compartment 99 of the furnace and thereby assist with
avoiding contamination of the crystal, by the probe rod 121, during the crystal
growing process.

[6038] The first conduit 119 and the crucible lid 117 may be formed, for example,
from a refractory metal such as tungsten, molybdenum, tantalum and/or iridium or
any combination(s) thereof. The inventors believe that such refractory metals react
with the carbonaceous materials and use of such material, to manufacture both the
crucible lid 117 as well as the first conduit 119, assists with preventing, or minimizing
to a great extent, any carbonaceous contaminants and/or other constituents, of the
hot zone, from entering the interior chamber 110 of the crucible 1089 and
contaminating the melt during the crystal growing process.

{0039] An exhaust port 111, may be located along the botiom portion of the furnace
100, to provide an outlet for exhausting a purge gas and/or undesired constituents
or contaminants from the furnace 100 and also praventing pressurization of the
furnace 100. A pump 112 communicates with the exhaust port 111, provided along
the bottom portion of the furnace 100, to facilitate exhausting of the desired
gas(es)/contaminants/constituents from the furnace 100.

[0040] With reference now to Fig. 2, a second embodiment of the present invention
will now be described. It is to be appreciated that this configuration of the furnace
100 is similar to the embodiment shown in Fig. 1 except that, according to this
embodiment, a first (crucible lid) conduit 119 extends from the crucible lid 117 te and

through the hole 123 formed in the top shield insulation 106, As a result of this
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arrangement, the first conduit 119 passes through hole 123 so that the
instrumentation 121, such as probe rod, may pass through and along the first
conduit 119 and directly communicate and access the melt 113 contained within the
interior chamber 110 of the crucible 108 without communicating or interacting with
the interior compartment 99 of the furnace 10(}. That is, the first conduit 119
completely physically shields the probe rod 121 from exposure {o any carbonaceous
contaminants or other undesired constituents or contaminants, from either the
insulation 105 and/or the heater 107, which are contained within the interior
compartment 89 of the furnace 100.

[0041] Preferably, the first conduit 119 is manufactured from either molybdenum,
tungsten, tantalum and/or iridium or any combination(s) thereof which is particularly
useful in thereby reacting with any carbon contamination and/or other undesired
constituents from the insulation 108 and/or the heater 107 and thereby preventing
such carbon contamination and/or other undesired constituents or contaminants
from entering into the interior chamber 110 of the crucible 109 and contaminating the
melt 113, either before or during the crystal growing process.

{0042} At least one purge gas exhaust port 111, may be located along the side or
bottom portion of the furnace 100, to provide an outlet for exhausting the aluminum
oxide vapors and/or other contaminate(s) or gas(es) from the furnace 100. Apump
112 communicates with the purge gas exhaust port 111 to facilitate exhausting of
the aluminum oxide vapors and/or other contaminate(s) or gas{es) from the furmnace
100.

{0043] With reference now to Fig. 3, a third embodiment of the present invention will
now be described. it is to be appreciated that this configuration of the furnace 100
is similar to the embodiment shown in Fig. 2 except that, according to this
embodiment, the first {crucible lid) conduit 119 extends completely through and
projects out from the furnace housing 103 and thus directly communicates with an
external environment surrounding the furnace 100. According to this embodiment,
an inert gas source S is connected o an inlet of the first conduit 119 for supplying
a desired inert purge gas (e.g., such as argon or helium, for example) thereto. The
inert purge gas is conveyed along the length of the first conduit 119 into the interior

chamber 110 of the crucible 109 and utilized to create a slight positive pressure
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within the interior chamber 110 of the crucible 109. The inventors have found that
higher furnace pressures {(e.g., pressures above 10 Torr, for example,) during the
melting of the charge material and other crystal growth process steps result in
reduced carbon contamination of the crucible surface.

10044} As generally shown in this figure, the inert purging gas is supplied to the
upper inlet end of the first conduit 119 and the purging gas flows along the first
conduit 119 into the interior chamber 110 of the crucible 108. The purge gas
typically exits and/or exhausts from the interior chamber 110 of the crucible 109 via
one or more small gaps formed between a top perimeter edge of the crucible 108
and mating, bottom facing surface of the crucible lid 117 or along one or more an
annular exhaust ports (not shown in detail} formed at the interface belween the
crucible lid 117 and the bottom second end of the first conduit 118.

100451 At least one purge gas exhaust port 111, typically located along the bottom
portion of the furnace 100, provides a furnace outlet for exhausting the purge gas
from the furnace 100 and preventing pressurization of the furnace 100. The purge
gas exhaust port 111 facilitates creation of a flow of the purging gas from the inert
gas source 8, into the interior chamber 110 of the crucible 108, into the interior
compartment 89 of the furnace 100 and eventually out through the purge gas
exhaust port 111 and into the external environment. A pump 112 communicales
with the purge gas exhaust port 111, located along the botiom portion of the furnace
100 to facilitate exhausting of the purge gas from the furnace 100. According to this
embodiment, the first conduit 119 physically shields the probe rod 121 from direct
exposure to any carbon contaminants or other constituents from the insulation 105
and the heater 107 as the probe 121 passes along the first conduit 119 directly into
the interior chamber 110 of the crucible 109. This embodiment also has the further
advantage of actively drawing any aluminum oxide vapors away from the interior
chamber 110 of the crucible 109 (via positive pressure created within the interior
chamber 110 of the crucible) while simultanecusly preventing any carbonaceous
contaminants and/or other constituents or contaminants of the insulation 105 and/or
the heater 107 from flowing, migrating and/or entering into the interior chamber 110
and reacting with the melt 113 contained within the crucible 109 during the growing

Process,
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100463 With reference now to Fig. 4, a fourth embodiment of the present invention
will now be described. it is to be appreciated that this configuration of the furnace
is similar to the embodiment shown in Fig. 3 except the crucible lid includes both a
centrally located first conduit 118 and a concentric outer second conduit 120 which
completely surrounds the first conduit 119. The first and the second conduits 118,
120 both extend from the hole 123, formed in the top shield insulation 108, to the
central opening formed in the crucible lid 117, Although the first conduit 118 is
shown enclosed and surrcunded by the second conduit 120, itis o be appreciated
that alternative configurations of the two conduits can be employed without departing
from the spirit and scope of the present invention.

10047} According to this embodiment, an inert gas source S is typically connected
and communicates with a first inlet of the first conduit 119 which projects and
extends from a top exterior surface of the furnace housing 103 so that a desired
purge gas (e.g., such as argon or helium, for example) may be supplied to an inlet
of the first conduit 119 and permitted to flow therealong into the interior chamber 110
of the crucible 109 and thereby establish a slight positive pressure of the (inert)
purge gas within the interior chamber 110 of the crucible 108. The second conduit
120 serves as an exhaust flow path which facilitates exhausting the (inert) purge gas
from the interior chamber 110 of the crucible 109 and thereby ensures that any
aluminum oxide vapors, which are generated by the melt, are transported and
conveyed away from the interior chamber 110 of the crucible 109 and exhausted
outside the interior chamber 110 of the crucible 109.

{0048} As generally shown in this figure, the (inert) purging gas, exhausted from
crucible 109, generally flows vertically upward, along a purge gas exhaust port 111
formed between the exterior surface of the first conduit 119 and the inwardly facing
surface of the second conduit 120 and the purge gas is eventually exhausted out
into the surrounding environment located vertically above the furnace 100
According to this embodiment, an exhaust port, focated in a lower section of the
furnace, and a pump are typically not required, but may be utilized if so desired or
required. The purge gas exhaust port 111 facilitates exhausting of the (inert) purge
gas, and any aluminum oxide vapors, from the furnace 100 and also prevenis

pressurization of the furnace 100. The purge gas exhaust port 111 creates a flow
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of the {inert) purging gas from the inert gas source 8, into the interior chamber 110
of the crucible 109, and eventually out through the purge gas exhaust port 111 and
into the external environment as well as flow of any aluminum oxide vapors, from the
melt 113 eventually out through the purge gas exhaust port 111 and into the external
environment.

[0049] As alluded to above, a purging gas facilitates slightly increasing the pressure
of the interior chamber 110 of the crucible 109. In addition, this embodiment also
has the advantage of actively drawing aluminum oxide vapors away from the interior
chamber 110 of the crucible 109 to a location external to the furnace housing 103
while simultaneously preventing carbonaceous and other contamination, from the
insulation 105 and/or the heater 107, from entering into the slightly higher pressure
interior chamber 110 of the crucible 108 and reacting with the melt 113 contained
within the crucible 109.

10050} With reference now to Fig. 5, a still further embodiment of the present
invention will now be described. This embodiment, of the present invention, is
directed at preventing carbon from the hot zone, in either particulate(s) or gaseous
form, from interacting with the exposed surface of the crucible 108 and the crucible
iid 117 and eventually migrating therethrough and contaminating the melt 113. As
generally shown in this Figure, a crucible enclosure 135 surrounds at least a major
portion of an exterior side wall of the crucible 109 and generally segregates the
crucible 109 from a remainder of the interior compartment 89 of the furnace 100. As
generally shown, the crucible enclosure 135 generally surrounds the entire exierior
wall or surface of the crucible 108 and comprises a crucible lid section which
completely covers the top opening of the crucible 109 so as to minimize possibility
of any carbon constituents, or other desired components or contaminants, from
interacting with the melt 113 contained within interior chamber 110 of the crucible
109, during the crystal growing process.

[0051] The crucible lid section of the crucible enclosure 135 has a centrally located
opening therein and a first conduit 119 extends substantially normal to a vertically
upper most portion {e.g., the crucible lid section) of the crucible enclosure 135
toward the hole 123, formed in the top shield insulation 106. A second conduit 120

extends from the hole 123, formed in the top shield insulation 106, vertically
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downward toward an inlet portion of the first conduit 118, The second conduit 120
concentrically surrounds the inlet portion of the first conduit 118. The second
conduit 120, the first conduit 119 and the crucible enclosure 135 facilitate
communication between desired instrumentation 121 and the interior chamber 110
of the crucible 108. The crucible enclosure 135, the second conduit 120, and the
first conduit 119, according to this embodiment, function as a barrier/partition which
separate the melt 113 contained within the crucible 109 from the insulation 105 and
the heater 107, forming the graphite hot zone of the furnace 100, thereby rendering
it more difficult for any carbonaceous components, or other undesired constituents,
from eventually interacting with the melt 113 contained within the crucible 109. The
vertical lowermost portion of the second conduit 120 receives and permits relative
motion with respect to the vertically uppermost inlet portion of the first conduit 118
s0 as to permit the crucible 109 to move vertically up and down, during the crystal
growing process.

[0052] if desired, an inert gas source S may be connected with the inlet of the first
conduit 119 or the second conduit 120 to supply an inert gas to the interior chamber
110 of the crucible 108. Alternatively, or in addition, an exhaust port 111 may be
located in a lower section of the furnace 100 and a pump 112 may be coupled
thereto to facilitate exhausting of the (inert) purge gas, and any aluminum oxide

vapors, from the furnace 100 and also preventing pressurization of the furnace 100.

[0053] With reference nowto Fig. 8, a sixth embodiment of the present invention will
now be described. It is to be appreciated that this configuration of the furnace is
similar to the embodiment shown in Fig. 5. According to this embodiment, the
crucible enclosure 135 has at least one contoured surface that closely mirrors or
follows an exterior wall or surface of the crucible 109. Forexample, as shown in the
embodiment of Fig. 6, the crucible enclosure 135 may be shaped so as to generally
mirror or substantially coincide with the exterior shape of the crucible 109 and
thereby assist with more completely enclosing the crucible 109, as well as the melt
113 contained therein, and separating the same from the interior compartment 89

of the furnace 100.



WO 2014/165029 PCT/US2014/024173

[0054] Alternatively, as diagrammatically shown in Fig. 8A, at least the exterior
surface of the crucible 108 may be lined with a relatively thin lining, coating or layer
of material which forms a crucible enclosure 135 that prevents the passaged or
migration of any carbon or other undesired atoms, molecules and/or impurities
through the crucible enclosure 135 and the surface the crucible 108 and into either
the interior chamber 110 andfor the melt 113, contained within the crucible 108,
during the crystal growing process. The lining, coating or layer of material, which
forms a crucible enclosure 135, is selected from the group consisting of
molybdenum, tungsten, tantalum and iridium. As with the previous embodiments,
typically a crucible lid 117 will cover the opening of the crucible 108,

[0055] With reference now o Fig. 7, a seventh embodiment of the present invention
will now be described. It is to be appreciated that this configuration of the furnace
is generally a combination of the embodiment shown in Figs. 1 and 6. According to
this embodiment, the crucible enclosure 135 is formed as first and second crucible
enclosure components 138, 137 which, when mated together with one ancther as
shown in the Figure, form a crucible enclosure 135 which generally completely
surrounds, encases and encloses the crucible 108. As generally shown, the second
crucible enclosure component 137 is supported by a top portion of the control rod
116 while the first crucible enclosure component 138 generally comprises an
inverted cylindrical container and a perimeter surface thereof mates with and is
releasably supported by the second crucible enclosure component 137, In addition,
according to this embodiment, at least one first conduit 119 is supported by a top of
a vertically uppermost (crucible lid) section of the first crucible enclosure component
136. The first conduit 119 extends substantially normal to the uppermost {crucible
lid) section of the first crucible enclosure component 136 toward the hole 123 which
extends through the top shield insulation 106. Preferably the first conduit 118 and
the hole 123 are aligned with one another to facilitate passing the desired
instrumentation 121 through both the hole 123, of the top shield insulation 106, and
the first conduit 119 and into the interior chamber 110 of the crucible 108, to facilitate
access o the melt 113 and the seed crystal 115 contained within the crucible 109.
The first conduit 119 is arranged and designed for physically shielding the probe rod

121 from being exposed to carbonaceous deposits and other contaminants which
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are contained within the interior compartment 99 of the furnace 100 and thereby
assist with avoiding contamination of the crystal during the crystal growing process.

100586] A second conduit 120 concentrically surrounds the inlet portion of the first
conduit 119. The vertical lowermost portion of the second conduit 120 receives and
permits relative movement with respect to the vertically uppermost inlet portion of
the first conduit 119 so as to permit the crucible 109 to move vertically up and down,
during the crystal growing process.

10057} it is to be appreciated that the crucible enclosure 135 or 136 may be used in
conjunction with any of the embodiments shown in Figs. 1-4. For example, a
crucible enclosure 135 may be used with a crucible lid 117 having a first conduit 119
for introducing a purge gas, from a purge gas source S, and establishing a positive
pressure inside the interior chamber 110 of the crucible 109, and a second conduit
for withdrawing any undesired vapors from inside the interior chamber 110 of the
crucible 109 to a location outside the furnace housing 103. Alternatively, or in
addition, an exhaust port 111 may be located in a lower section of the furnace 100
and a pump 112 may be coupled thereto to facilitate exhausting of the (inert) purge
gas, and any aluminum oxide vapors, from the furnace 100 and also preventing
pressurization of the furnace 100.

{0058] With reference now to Fig. 8, an eighth embodiment of the present invention
will now be described. it is {o be appreciated that this configuration of the furnace
100 is similar to the embodiments shown in Figs. 4 and 5. According to this
embodiment, a crucible enclosure 135 includes a vertically upper most crucible lid
section 117 which covers the opening of the crucible 109 and a vertically lower most
section of the crucible enclosure 135 surrounds at least a portion of an exterior side
wall of the crucible 109 so as to segregate the crucible 109 from a remainder of the
interior compartment 99 of the furnace 100. As generally shown, the crucible
enclosure 135 generally surrounds the entire exterior wall or surface of the crucible
109 as well as the top opening of the crucible 109 so as to minimize the possibility
of any carbon constituents, or other desired components, from interacting with the
melt 113 contained within interior chamber 110 of the crucible 108. |

[0059] The vertically upper most crucible lid section 117 of the crucible enclosure

135 has a centrally located opening therein and a first conduit 119 extends
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substantially normal thereto toward and at least partially passes through the hole
123. A second conduit 120 also extends from a vertically uppermost portion of the
crucible enclosure 135 toward the hole 123. However, the second conduit 120 only
extends partially toward the hole 123, e.g., only about 1/3 to about one half of the
way or so0. The second conduit 120 concentrically surrounds a vertically lower
portion of the first conduit 119. The first conduit 119 and the crucible enclosure 135
facilitate communication between the instrumentation 121, if provided, and the
interior chamber 110 of the crucible 108. The crucible enclosure 135 and the first
conduit 118, according to this embodiment, function as a barrier/partition which
separate the melt 113 contained within the crucible 109 from the insulation 105 and
the heater 107, forming the graphite hot zone of the furnace 100, thereby rendering
it more difficult for any carbonaceous components, or other undesired constituents,
from eventually interacting with the melt 113 contained within the crucible 109,

100601 An inert gas source S is connected to and communicates with a first inlet of
the first conduit 119 so that a desired purge gas {e.g., such as argon or helium, for
example) may be supplied to the first conduit 119 and permitted to flow therealong
into the interior chamber 110 of the crucible 108 and thereby establish a slight
positive pressure of the (inert) purge gas within the interior chamber 110 of the
crucible 108. The second conduit 120 serves as an exhaust flow path which
facilitates exhausting the (inert) purge gas, as well as any aluminum oxide vapors
which are generated by the melt, from the interior chamber 110 of the crucible 109
directly into the interior compartment 99 of the furnace 100.

[0061] As generally shown in this figure, the {inert) purging gas and any aluminum
oxide vapors, exhausted from crucible 108, flow toward at least one purge gas
exhaust port 111, typically located along a bottom or a side wall portion of the
furnace 100. A pump 112 communicates with the purge gas exhaust port 111 {o
facilitate exhausting of the (inert) purge gas and any aluminum oxide vapors from
the furnace 100 and also prevents pressurization of the furnace 100. The purge gas
exhaust port 111 creates a flow of the (inert) purging gas from the inert gas source
3, into the interior chamber 110 of the crucible 109, into the interior compartment 89
of the furnace 100 and eventually out through the purge gas exhaust port 111 and

into the external environment and also forms a flow path for any aluminum oxide
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vapors, generated by the melt 113, into the interior compartment 89 of the furnace
100 and eventually out through the purge gas exhaust port 111 and into the external
environment. That is, this embodiment has the advantage of actively drawing
aluminum oxide vapors away from the interior chamber 110 of the crucible 108 to
a location external to the furnace housing 103 while simultaneously preventing
carbonaceous and other contamination, from the insulation 105 and/or the heater
107, from entering into the interior chamber 110 of the crucible 109 and reacting with
the meit 113 contained within the crucible 109,

10062] Typically, a conventional seal (not shown) is located at the interface between
the furnace housing 103 and any portion of either the first conduit 119 or the second
conduit 120 which extends or projects outside the furnace 100. Such seal assist
with minimizing the escape of heat and/or hot gases from the furnace 100. In
addition, while the hole 123, the first conduit 119 and the second conduit 120 have
sufficiently close tolerances, tolerances must be sufficiently large so as permit
relative movement between those components as the crucible 109 moves vertically
upward and downward, within the hot zone, during crystal growth process.

10063] it is to be appreciated that the gas flow patterns, diagrammatically shown in
the drawings, are merely for illustrative purposes only and a variety of other flow
patterns and arrangements would be readily apparent to those skilled in the ar,
without departing from the spirit and scope of the present invention.

10064] While various embodiments of the present invention have been described in
detail, itis apparent that various modifications and alterations of those embodiments
will oceur to andfor be readily apparent those skilled in the art. However, itisto be
expressly understood that such modifications and alterations are considered to fall
within the spirit and scope of the present invention, as set forth in the appended
claims. Further, the invention(s) described herein is capable of other embodiments
and of being practiced or of being carried out in various other related ways. In
addition, it is to be understood that the phraseology and terminology used hereinis
for the purpose of description and should not be regarded as limiting. The use of
"including,” "comprising,” or "having,” and variations therecof, are meant to
encompass the items listed thereafter and equivalents thereof as well as additional

items.

-6



WO 2014/165029 PCT/US2014/024173

{0065} Since certain changes may be made in the above described without departing
from the spirit and scope of the invention herein involved, itis intended that all of the
subject matter of the above description or shown in the accompanying drawings
shall be interpreted merely as examples illustrating the inventive concept herein and
shall not be construed as limiting the invention. All of the illustrated embodiments
show a probe rod. Ht is to be appreciated in instances where a probe rod is not
required, isolation of the interior chamber of the crucible, from a remainder of the

furnace, may be simplified.
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Wherefore, we claim:
1. A furnace for growing sapphire crystal, the furnace comprising:

a furnace housing;

a hot zone comprising insulation and at least one heater both being
accommodated within the furnace housing;

a crucible being located within the hot zone and the crucible having an
opening,; and

a crucible lid covering at the opening of the crucible, and the crucible
lid having a first conduit extending therefrom.

2. The furnace according to claim 1, wharein the first conduit extends from
the crucible lid to a location located exterior to or vertically above the hot zone.

3. The furnace according to claim 1, wherein the first conduit extends through
the furnace housing to a location located exterior to the furnace housing.

4. The furmnace according to claim 3, wherein an external gas source is
connected to an inlet of the first conduit for supplying a gas, through the crucible lid,
into an interior chamber of the crucible.

5. The furnace according to claim 1, wherein the crucible lid includes a first
conduit and a concentric second conduit, the first conduit extends through the
furnace housing to a location located exterior thereof, and an external gas source
is connected to an inlet of the first conduit for supplying a gas o the crucible.

6. The furnace according to claim 1, wherein the crucible lid and the first
conduit each comprise a material selected from the group consisting of
molybdenum, tungsten, tantalum and iridium,

7. The furnace according to claim 1, wherein the furnace is capable of
operating at pressures above 10 Torr,

8. The furnace according to claim 1, wherein the furnace has at least one

‘exhaust port which communicates with a pump for exhausting at least one of a
purge gas and generated aluminum oxide vapor from the furnace.

9. A furnace for growing sapphire crystal, the furnace comprising:

a furnace housing;
a hot zone comprising insulation and at least one heater both being

accommodated within the furnace housing;
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a crucible being located within the hot zone and the crucible having an
opening,; and

a crucible enclosure surrounding at least a portion of an exterior wali
of the crucible and the crucible enclosure being impermeable to at least carbon.

10. The furnace according to claim 9, wherein the crucible enclosure is
formed from a material selected from the group consisting of molybdenum, tungsten,
tantalum and iridium.

11. The furnace according to claim 9, wherein the crucible enclosure is
formed by coating the crucible with a layer of material selected from the group
consisting of molybdenum, tungsten, tantalum and iridium.

12. The furnace according to claim 9, further comprising a crucible lid for
covering the opening of the crucible, and the crucible lid has a first conduit which
extends vertically therefrom.

13. The furnace according to claim 12, wherein the first conduit extends to
a location which is located exterior to the hot zone,

14. The furnace according to claim 13, wherein the first conduit extends
through the furnace housing to a location which is located exterior to the furnace
housing.

15. The furnace according to claim 14, wherein an external gas source is
connected to the first conduit for supplying a gas to the crucible.

16. The furnace according to claim 12, wherein the crucible lid includes a first
conduit and a second conduit, the first conduit extends through the furnace housing
to a location located exterior to the furnace housing, and an external gas source is
connectad to an inlet of the first conduit for supplying a desired gas to the crucible.

17. The furnace according to claim 8, wherein the crucible enclosure has at
least one contoured surface which follows a contour of the exterior wall of the
crucible.

18. The furnace according to claim 9, wherein the crucible enclosure is at
least impermeable to carbon so as o prevent carbon from passing through the
crucible enclosure and communicating with a melt contained within an interior

chamber of the crucible.
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19. The furnace according to claim 9, wherein the crucible lid includes at
ieast a first conduit which extends through the furnace housing fo a location located
exterior to the furnace housing, an external gas source is connected 1o an inlet or
the first conduit for supplying a desired gas to an interior chamber of the crucible,
and the furnace housing has a gas exhaust port which facilitate exhausting gases
from the furnace and facilitates flow of the gas from the external gas source to the
interior chamber of the crucible, into an interior compartment of the furnace and out
through the gas exhaust port for preventing pressurization of the furnace.

20. A method of growing a sapphire crystal in a furnace which comprises a
furnace housing; a hot zone which comprises insulation and at least one heater both
accommuodated within the furnace housing; a crucible located within the hot zone
and the crucible having an opening; and at least one of a crucible enclosure, which
is impermeable to at least carbon, covering at least the opening of the crucible and
at least a portion of a side wall of the crucible or a crucible lid covering at the
opening of the crucible and a first conduit extending from the crucible lid, the method
comprising the step of:

forming a barrier, via at least one of the crucible enclosure and the
crucible lid and the first conduit, between a melt contained within the crucible and
the hot zone of the furnace for preventing contamination of the melt, contained within

the crucible, by carbon when growing the sapphire crystal in the furnace.
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