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[0003] Large grain polycrystalline semiconductor
structures suitable for use as the starting material for the
production of solar cells or other electrical components may
be produced by various other processes known in the art. As
with the Czochralski method, such alternative processes
include various apparatus that utilize molten source
material (e.g. silicon) to produce a solid crystalline body
(e.g. ingot, ribbon, etc.) having desired electrical
conduction propefties. Such processes may include block
casting which entails filling a cold crucible with molten
silicon and allowing the molten silicon to solidify and form
a polycrystalline body. Another process, commonly known as,
the Edge-defined Film Growth (EFG) method involves growing
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available CVD polysilicon that is not dehydrogenated, and
its use adds to the production costs of silicon wafers or
other electrical components produced by the various methods.
[0005] Additional operational and mechanical problems
result from the melting of solid polysilicon in the main
crucible of the crystal forming apparatus. For example, a
large amount of power is required to melt the polysilicon
due to its high thermal conductivity and high emissivity
relative to liquid silicon. Also, melting solid polysilicon
in the main crucible is time consuming typically requiring
15-18 hours to melt a single 250 kg (551 lbs) charge of
polysilicon. Further, the thermal stresses (both chemical
and mechanical) induced in the crucible by exposure to the
high melting temperatures required to melt the solid
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apparatus. Therefore, a need exists for a method of
supplying molten silicon to a crystal forming apparatus that
quickly and efficiently melts the solid polysilicon and
transfers the molten silicon to the main crucible of the
apparatus in a way that reduces splatter and maintains the

quality of the resulting silicon crystal.

Summary of the Invention

[0007] Among the several objects of this invention may be
noted the provision of a silicon melter assembly and method
of operation that facilitates the charging of a crystal
forming apparatus with molten silicon source material; the

provision of such a melter assembly and method that



[ 0007] Anmong the several objects of this invention nmay

be noted the provision of a silicon nelter assenbly
wanabeneishnd of operation that facilitates the BAEUSI00§021369

of a crystal formng apparatus with nolten silicon

source material; the provision of such a nelter

assenbly and nethod thatincreases crystal yield and

throughput; the provision of such a nelter assenbly
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[0009] In another aspect of the invention, a method of
charging a crystal puller with molten silicon is provided.
The method includes the step of removing an upper housing of
the crystal puller defining a pulling chamber from a lower
housing of the crystal puller defining a growth chamber. A
melter assembly is attached to the lower housing in place of
the upper housing. Source material is melted in the melter
assembly. Melted source material is delivered from the
melter assembly to a crucible located in the lower housing
of the crystal forming apparatus thereby to form a melt in
the crucible for growing a monocrystalline ingot.
[0010] In yet another aspect, the present invention is

directed to a melter assembly for supplying a charge of



t he upper housing. Source material is nelted in the

nmelter assenbly. Melted source material is delivered
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Sengleing multlple crystal forming apparatus with a single

melter assembly is provided. The method includes the steps
of positioning the melter assembly relative to a first
crystal forming apparatus for delivering molten silicon to a
crucible of the first apparatus; A heater in the melter
assembly is operated to melt source material in a melting
crucible. A stream of molten source material is delivered
from the melter assembly to the first crystal forming
apparatus. The melter assembly is positioned relative to a
second crystal forming apparatus for delivering molten
silicon to a crucible of the second apparatus. A stream of
molten source material is transferred from the melter

assembly to the second crystal forming apparatus.



cruci ble. A streamof nolten source material is
delivered fromthe nelter assenbly to the first
wa@egosedsof or m ng apparatus . The nelter assenbP@T/US2005/021369
positioned relative to a second crystal formng
apparatus for delivering nolten silicon to a crucible
of the second apparatus. A stream of npolten source
material is transferred fromthe nelter assenbly to
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eﬁ?? Scription of the Drawings [0014] Fig. 1 is a
schematic vertical section of a nelter assenbly of the

Brgéfsﬁegc%QéﬁﬁbhoBf Eﬁglélaﬁiﬂgsz Is a schematic
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8] Fig. 5is a elevation of the susceptor, nelting
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Pu?1?§'a Cross-section taken along the plane |nclud|ng
[obimg 7 -Figof 4Fig. aSscheRQRiE FéﬁtlSalSséBtﬁéﬁ|QH6d1ng the
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cruc1b1e, and 1nduct10n coils separate from the melter
assembly;

[0019] Fig. 6 is a cross-section taken along the plane
including line 6--6 of Fig. 5;

[0020] Fig. 7 is a cross-section taken along the plane

including line 7--7 of Fig. 5;

[0021] Fig. 8 is an exploded vertical section of the
susceptor;
[0022] Fig. 9 enlarged fragmentary section of the melting

crucible showing a nozzle;
[0023] Fig. 10 is a schematic vertical section similar to
Fig. 4 but showing the melting crucible being filled with

solid polysilicon from a feeder;

[0024] Fig. 11 is a view similar to Fig. 10 but showing
initial melting of solid polysilicon in the melting
crucible;

[0025] Fig. 11A is a view similar to Fig. 11 but showing

further melting of the solid polysilicon in the melting

crucible;



solid polysilicon froma feeder; [0024] Fig. 11 is a
viewsimlar to Fig. 10 but showing initial nelting of
wae odosadogset ysilicon in the nelting crucible; [0PCBEUSH0§021369
HAis aviewsimlar to Fig. 11 but show ng further
melting of the solid polysilicon in the nelting
crucible;[0026] Fig. 12 is a viewsimlar to Fig. 11
but _showing still further nmelting of the solid ‘
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stalli éwrsheil aeltonki 6f tBebsblshopbhysthecaddihi eReof
me gLid gol §Liiqon feed into the nelting crucible;

63@] ﬁPé. SAis aviewsinmlar to Fig. 13 but
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B O oaiia Part Rot Loal' Fredo iFRec Do) ParEibd
CrB6frPaekicon in the melting crucible; [0030] Fig. 15 is
(0828l ew siiyl an3h0iki 8. vidwbyimshaw pg Figui €3SblitC8Aowing
£ fhgmnn@ ﬁpnoughfthe ogtle; of .t he neltlﬁg cr#cLbIe and
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crocubilble; [0031] Fig. 16 is a viewsimlar to Fig. 15
showing t .edyct i Lk ight in,t .
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furtherinepginghefi AfcafcalifePpiyeithbodi i@nthef meheing
criBhbiag crucible; [0033] Fig. 18 is a schematic
ﬁgﬁion of a nelter assenblg of anot her enbodi nent_ of
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cragbbdenent of the present invention; [0036] Fig. 21 is
[08818XPl Ofled . S@EtEQANL0L1 8wt BEmIBLE! P Fig. 15 but showing
- the reduction in melt height in the melting crucible;
[0032] Fig. 17 is a view similar to Fig. 15 but showing
an alternate embodiment of the melting crucible;
[0033] Fig. 18 is a schematic section of a melter
assembly of another embodiment of the present invention;
[0034] Fig. 19 is a enlarged, fragmentary schematic
section of a melter assembly of another embodiment of the
present invention;
[0035] Fig. 20 is a schematic of a melter assembly of
another embodiment of the present invention;
[0036] Fig. 21 is an exploded section of a the melting
crucible of the embodiment of Fig. 20;
[0037] Fig. 21A is a schematic section of one version of
a melt flow guide;
[0038] Fig. 21B is a schematic section of a second
version of the melt flow guide;
[0039] Fig. 21C is a schematic section of a third
version of the melt flow guide;



cruci bl e of the enbodi nment of Fig. 20; [0037] Fig. 21A

is a schematic section of one version of a nelt flow
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second version of the nelt &1 ow guide; [0039] Fig. 21C

is a schematic section of a third version of the nelt

flow guide;[0040] Fig. 22 is a schematic section of

anot her enbodi nent of a melter assenbly shown
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[0046] Fig. 28 is a schematic fragmentary section of the
melter assembly installed above a prior art crystal forming
apparatus in the form of a casting crucible; and

[0047] Fig. 29 is a schematic of a melter assembly
positioned for servicing a first crystal puller in a series
of crystal pullers.

[0048] Corresponding parts are designated by
corresponding reference numbers throughout the drawings.

Description of Preferred Embodiments

[0049] Referring to Figs. 1 and 2, a melter assembly of
the present invention, designated in its entirety by the
reference numeral 1, may be used to supply molten source
material to various crystal forming apparatus that are
generally known in the art. One such crystal forming
apparatus is a conventional crystal puller, generally
designated CP, of the type used to grow monocrystalline
silicon ingots {(e.g., ingot I of Fig. 2) according to the
Czochralski method. The crystal puller CP is shown in Fig.
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[0051] Referring again to Fig. 2, the crystal puller CP
is a conventional crystal puller for producing
monocrystalline silicon ingots I according to the
Czochralski method. In the illustrated embodiment, the
crystal puller CP is a Model No. FX150 crystal grower
furnace manufactured by Kayex Corporation of Rochester, New
York, but it will be understood that other crystal pullers
may be used without departing from the scope of this
invention. The lower housing LH enclosing the crystal
growth chamber GC has a generally dome shaped upper wall UW
and houses a quartz crystal growth crucible CC seated in a
graphite susceptor S. The crucible CC contains molten

source material M from which the monocrystalline silicon
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cooling rate of the growing crystal.

[0053] A pull shaft PS extends down from a pulling
mechanism PM capable of raising, lowering and rotating the
pull shaft. The crystal puller CP may have a pull wire (not
shown) rather than a shaft PS, depending upon the type of
puller. The pull shaft PS extends downward through the pull
chamber PC and terminates in a seed crystal chuck SC which
holds a seed crystal C used to grow the monocrystalline
ingot I. The pull shaft PS has been mostly broken away in
FIG. 1, both at its top and where it connects to the chuck
SC. 1In growing the ingot I, the pulling mechanism PM lowers
the seed crystal C until it contacts the surface of the
molten source material M. Once the seed crystal C begins to
melt, the pulling mechanism PM slowly raises the seed
crystal C up through the growth chamber GC and pull chamber
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vessel 5 has a sleeve 39 that receives a feed tube 43 of the
gravity feeder GF. The central feed portal 35 has a vacuum
seal 47 to seal the atmosphere in the melter assembly 1 and
gravity feeder GF. The atmospheres of the feeder and melter
assembly have substantially the same pressure and
composition as the atmosphere in the crystal puller CP. The
fit between the feed tube 43 and the sleeve 39 should be a
loose fit with a radial clearance of approximately 13 mm (%
inch) to contain melt splatter and dust in the melter
assembly 1. The top wall 23 and tubular wall 15 of the
melting vessel 5 have respective mating flanges 51, 53 which
receive fasteners 57 to connect the top and tubular wall
together. The top wall 23 can be removed to permit access
to the interior of the melting vessel 5. The melting vessel
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anP@pPetN8ection of the susceptor assembly 69 and crucible
65 and a lower induction coil 99 around a lower portion of
the susceptor and the crucible nozzle 85. The upper and
lower induction coils 95, 99 are connected to a respective
power supply 100, 101 (shown schematically in Figs. 1 and 3)
that provides electric current that can flow through each
respective coil. The upper and lower coils 95, 99 can be
separately controlled so that the current flowing through
each coil can be monitored and adjusted without regard for
the current flowing through the other coil. The arrangement
of the two coils 95, 99 around the upper and lower sections
of the melting crucible 65 and susceptor 69 allows for
independent temperature control in the upper and lower

sections of the melting crucible.
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and the possible creation of loose particles of silicon that
could fall back into the crystal growing crucible and
jeopardize the quality of the crystal. As best shown in
Fig. 9, the melting crucible nozzle 85 includes a first
larger diameter portion 109 in the bottom wall 107 of the
crucible 65, a second portion 111 having a smaller diameter
and forming an orifice of the nozzle downstream from the
larger diameter portion, and a third portion 115 having an
intermediate size diameter downstream of the orifice. As
will be discussed in more detail below, the overall length
of the nozzle 85 and the corresponding lengths and diameters
of the first, second, and third portions 109, 111, 115 are
sized to maintain a stream of molten silicon that flows from

the crucible 65 at an optimum flow rate and avoids premature
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annular gaps 130, 131. In the illustrated embodiment, the
upper portion 121 has four radial sections, generally
designated 123 (Fig. 6), each separated by a radial gap 132.
In one embodiment, the annular gaps 130, 131 and the radial
gaps 132 range from approximately 3 mm (1/8 inch) to
approximately 6 mm (1/4 inch). The gaps 130, 131, 132
isolate the currents induced in the susceptor assembly 69 by
the upper coil 95 and lower coil 99 so that the lower outlet
portion 129 is heated by current induced from the lower
coil, the intermediate portion 125 is heated by current
induced from the upper coil, and the upper portion 121 is
not heated by current induced from either coil. It is
understood that the upper coil 95 and lower coil 99 may be

assembled in a ceramic body (not shown) that contains



portion (nelt-in susceptor) 125 for supporting the
conical bottomwall 107 of the crucible 65 and
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range from approximately 3 mm (1/8 inch) to approximately 6
mm (1/4 inch). Because no current is induced in the fingers
133 of the susceptor assembly 69, the upper portion 121 of
the susceptor does not generate a large amount of resistance
heating. Rather, the resistance heating of the lower
portion of the susceptor assembly 69 from the induced
current from the upper and lower coils 95, 99 heats the
melting crucible 65 and the solid polysilicon in the lower
portion of the crucible. The fingers 133 are not subjected
to induction heating and are heated only by radiation and
conduction when the silicon in the crucible is heated by the
upper coil 95.

[0060] As shown in Figs. 5-8, the conical intermediate
portion 125 and lower outlet portion 129 of the susceptor



i nduction coil 95 and prevent an induction current

fromflowng in the fingers of the susceptor assenbly
w®o06hovsohe il ustrated enbodi nent, sixteen fiPQRUS2003®1369

are shown but it is understiood that the susceptor 69

may have ot her designs w thout departing fromthe

scope of this invention. Each of the radial gaps 132

di vide one of the fingers 133 in half and the gaps are
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[0061] After the resistance and conductive heating has
melted and the bottom portion of the solid polysilicon in
the crucible 65, the magnetic field of the upper coil 95
induces a current in the electrically conductive liquid
silicon that further heats the liquid silicon and increases
the rate of melting of the remaining solid polysilicon in
the crucible by radiation and conduction heating from the
liquid silicon. In one embodiment, the frequency of the
alternating current supplied to the coils 95, 99 ranges from
approximately 3 kHz to approximately 15 kHz and the
magnitude of the power ranges from approximately 15 kW to
approximately 160 kW. In one embodiment, the electrical
current in the upper coil 95 has a frequency of
approximately 10 kHz and power of approximately 160 kW, and



alternating magnetic field which causes electrica

current to flowin the |lower outlet portion 129 of the
waoaeemisor 69. The induced el ectrical current POT/UE®05/021369

susceptor assenbly 69 flowd7t hrough the susceptor in

the opposite direction as the current flowin the
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susceptor. The induction heating of the solid portion
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[0063] The current through the upper coil 95 may be
varied to control the temperature of the melt in the
crucible 65 and the current through the lower coil 99 may be
varied to control the temperature of the melt passing
through the crucible nozzle 85. For example, the
temperature of the melt in the melting crucible 65 must be
above the melting temperature of silicon (1414 degrees C) by
a sufficient amount so that the melt being poured into the
crystal growing crucible CC of the crystal puller CP remains
above the melting temperature of silicon during the free
fall from the melting crucible to the crystal growing
crucible. Based on a free fall height F (Fig. 3) of
approximately 5 feet (1.5 meters), the silicon liquid
passing through the nozzle 85 should have at least 20



susceptor 69 may be angled to correspond with the
angl ed bottomwall 107 of the crucible 65 and nay
WO 200ge0dsnDm approxi mately 1 degree to approxi nPCEUF2068021369
degrees (nore preferably ab®ut 10 degrees) w thout
departing fromthe scope of this invention. The | ower
outlet portion 129 of the susceptor 69 may extend from
the bottomwall of the conical portion 125 of the
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65 will drop during filling of the crystal growing crucible

CC causing a reduction in the static pressure at the nozzle
85. If the static pressure at the nozzle 85 drops below a
predetermined level, the stream of liquid silicon passing
through the nozzle will become undirected (i.e., no longer
generally directed along the centerline of the nozzle)
resulting in excessive splashing and spraying at the crystal
growth crucible CC.

[0064] To obtain a reduction in melt preparation time
needed to achieve an improvement in crystal growth
productivity of at least approximately 10% to 35%, the
melter assembly 1 should deliver liquid silicon at a
preferred mass flow rate in the range of approximately 50
kg/hr to approximately 140 kg/hr. Through experimentation,

the more preferable mass flow rate of liquid silicon from



nozzle as a result of the flow of superheated |iquid

silicon through the nozzle. If the nolten silicon
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t enperature above 1465 degnees C, the first and

second nozzle portions 111, 115 will prematurely

becone too large and the mass flow rate of liquid

silicon will exceed the desired nelting rate of the
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bé undér s e orifice diameter an
anh@pghmum ppegeflow rate of liquid silicon. The mass flow

rate of liquid silicon through the orifice 111 is determined
by application of Torricelli's Law that states the velocity
(v) of liquid leaving an orifice equals the square root of
twice the height above the orifice (h) times a gravitational
constant (g) or

v=1(2xhxg)¥

where v = velocity of liquid passing through orifice,

where h = melt height H, and

g = gravitational constant.
The mass flow rate of the liquid flowing through the
orifice 111 is then calculated by multiplying the velocity
of liquid from the above equation by the area of the orifice
and the density of the liquid.



the orifice 111 wll vary based on the dianeter and

hei ght of the nelting crucible 65 as well as the
waeacnesorass flow rate fromthe nelter assenbP@r/US2005/021369

[0065] Referring nowto Figo 9, the orifice 11 in the

nozzle 85 of the crucible 65 has an initial dianeter

DI of approximately 2.3 nm (0. 09 inch) correspondi ng

to an initial nelt height H (Fig. % of approxi mately
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first portion 109 of approximately 6 to 14 mm (0.24 to 0.55
inch), or more preferably approximately 10 mm (0.39 inch),
and a length L1 of the first portion of approximately 50 to
60 mm (1.96 to 2.4 inches), or more preferably approximately
55 mm (2.16 inches). The orifice 111 of the nozzle 85 may
have an initial inner diameter D1 ranging from approximately
2.1 to 2.3 mm (0.08 to 0.09 inch), or more preferably
approximately 2.2 mm (0.087 inch), and a length L2 of
approximately 8 to 12 mm (0.39 to 0.47 inch), or more
preferably approximately 10 mm (0.39 inch). The third
portion 115 may have an inside diameter D3 ranging from
approximately 3 to 8 mm (0.12 to 0.31 inch), more preferably
approximately 3 mm (0.12 inch), and a length L3 ranging from
approximately 76 mm to 210 mm (3.0 inches to 8.3 inches),
more preferably approximately 118 mm (4.6 inches). It was
determihed, that the preferred length L3 of the third



attainable nelting rate, the crucible 65 is replaced.

I n one enbodi nent, the orifice dianmeter DI may be
w@bdoenwexsor o i ncrease to 3 .0 mm (0.12 inch) bebPOT/@S100£021369

melting crucible 65 is repkaced. To maintain a liquid

silicon flowrate of 85 kg/hr at an orifice dianeter

DI of about 3.0 mm (0.12 inch) , the nelt height H

nmust be | owered to apprOX|nateI£ 177 _mm (7.0 inches).
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rotate the shaft 169 and raise or lower the splash guard 155
during operation of the melter assembly 1. The splash guard
155 has an inverted bowl shape with an open top and bottom
to allow molten silicon to pass through the splash guard.
The splash guard 155 may be made from fused quartz, fused
silica, silicon-carbide coated graphite, or other suitable
material. The splash guard 155 is sized to fit inside the
heat shield HS of the crystal puller CP so that the guard
may be lowered close to the surface of the melt M in the
crystal growth crucible CC as shown in phantom in Fig. 3.
The splash guard assembly 151 protects the heat shield HS
and other hot zone components from splashing and spraying of
liquid silicon in the crystal puller CP during the transfer
of liquid between the melter assembly 1 and the crystal
growth crucible CC.



l ength L3 of the third portion 115 of the nozzle 85

for a mass flow of liquid silicon ranging from
wapmoonisoat el y 50 kg/ hr to approximately 14 0 RQri/bs200$/021369

will be appreciated that thke preferred configuration

of the first, second, and third portions 109, 111, 115

of the nozzle 85 depends upon various factors,
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the melter assembly 1, the air in the melter assembly is
removed by vacuum pumping and replaced with an inert gas
(e.g., argon gas) so that the pressure in the melter
assembly is approximately that of the crystal puller CP
(approximately 10-30 torr). After the pressure in the
melter assembly 1 has been raised, the gate valve GV is
opened to allow the atmosphere in the crystal puller CP to
permeate the melter assembly 1.

[0071] As shown in Fig. 10, granular polysilicon GP is
added to the melter crucible 65 to provide an initial charge
of approximately 4 to 7 kg (for a melting crucible having an
20 cm (8 inch) inside diameter) with the optimum mass for
the initial charge of granular polysilicon for initiating
melting in an 20 cm (8 inch) melting crucible 65 being

about 5 kg. The power from the power supply 100 is turned
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from splashing out of the crucible 65 during movement in the
crucible by the induction forces from the coil 95. At this
stage in the melting process, a void space VS separates the
crust CL from the liquid silicon LS in the crucible. As
shown in Fig. 12, an opening OG is formed in the crust by
pulsing the upper coil 95 by increasing the power to the
coil to approximately 60-70 kW for short time intervals
(e.g., 20-30 seconds) so that the level of the liquid
silicon LS is raised by the induction forces from the coil
to contact and melt through the crust CL. The pulsing of
the coil 95 for short time intervals continues for
approximately 2 to 5 minutes until the crust CL is melted
through.



95 around the susceptor 69. As shown in Fig. 11, the

initial charge of polysilicon GP in the crucible
whe@icnasto nelt due to the heat fromthe nelt PCTUS2005/021369

susceptor 125 and form nol 2én silicon LS generally

near the bottomof the initial charge of granul ar

polysilicon and above an unnelted plug of solid

g silicon GP in the nozzle 85 at the bottom_of the
[ogyg |bIeAGBerAﬂeiHénﬂnFPFSPgﬁeFP?n@rEFEgGLofaﬂ?gtIQEal
granhmar|ﬁMEysQﬂldBHEbPeﬂspaﬂﬁéd|téoﬁhépcrﬁcﬁﬁméfaBe@Flg

ro he. nol ten an internedigte layver S
13§hat %nngﬁegoé glﬁg gﬁ]X?u?glgg PF& Fﬁsanghgoﬁ?§ld pEUg
OPpekyenfiingninThethat éimeti poetliapel 03Lofsthepaoatdd 85

. i n : n
prpReRLARS APALER, 115600 BY PRofi P Ehnticthie VrBdingents
alipesgehaumaltpBpyghti HohogPenkpise héOthﬁeﬁéﬁééeﬁnlevel
bedaﬂéltMeb@kmeealéhesuaﬂahh@a gfﬂﬁubﬁbwﬂohMSthCOm3ﬂnd

ui icon (LS e e void AV |
TrHBRLPROBR LYok bieoBsEP AL SCAUARY AL FRUBr PRANAERLY nEb e
makhauar natbl ¢e6§. coabonbegomtbhsaphgéhrhatelyegznlﬁakyung

thgmeQ%eﬁe§gﬁ8:hﬁg E?n&gﬁngﬁgtg§néoa%F?tgﬁ%lrg&P%Hgs of
thej rrugh LayexcEpt fbt shépustage, othsoppuepot9sthecenil is

1n§96a§edaéevs Ebsx&aateﬁyth@onpwtearsalmaﬁmmu$h§16QU§ate of
ds in t _ of ‘the nolten silicon

CL
9rBPE@éHtBO%M§19958PdG§|PFCBHPFPBﬁP§EFé¥h séquzhrtheIn
thermmubberﬁﬁedUémbgdmméﬁﬁenhe|menbehaﬁghtbhe(Bygthe;A) at

ndu ion ges fromthe cojil_ 95 t this stage
iR Shent! 5 bhEcusitihb Srabpaedivattagark B PRebD m
(lcpusgncesf romdt Reihichakd-silicon LS in the crucible.
[06§3§h0mnAfeeElae1&2n a9h8p§HhE9a§EE srhergedy kanﬁmﬁr

crust u Slng t he up col g I NCreasi n
po&aﬁé#lpentﬁgfca ﬂlFéogﬁgraiﬁﬁﬁiérype Y$61k9@ﬂoﬂssﬂ6@?d to

thb}&EﬁbﬂFEéVQgigéF g3, aﬁg $@A$e§ﬁagﬁ%l§@dthﬁtllhﬁhéeMéht

0 ul ,.CoNn .S, . ral se tion
hePpkaf KFEHL {RE) cob TR6oeanEReEORRGRLBr LS LKy Saa TR nLTO
inchest . CLNeXhe phksepdaeh gherdoilb595sf bowehedt ihtoethe hot
zoh@tSFvéhé EQSEEQgLEuEQEraEBfQﬁa”BB§£¥18nE8 PnMAHt €8y stal

unt i
growing crucible CC generally near the surface of the

silicon melt M (shown in phantom in Fig. 3). After lowering
the splash guard 155 (Fig. 3), power is supplied to the
lower coil 99 from the power supply 101 to raise the
temperature of the bottom wall 107 of the crucible and begin
melting the solid plug OP in the crucible nozzle 85 (Fig.
14). At this stage, the power supplied to the upper coil 95
is reduced to prevent the liquid silicon LS from
overheating. When the solid plug OP has been melted by the
induction current in the lower coil 99, molten silicon LS
begins to flow from the nozzle 85 and passes through the
first, second and third portions 109, 111, 115 in a directed
flowstream (Fig. 15) generally aligned with the central axis
of the nozzle. When liquid silicon LS begins to drain from
the crucible 65 the feeder GF should be set to the target



t hrough .[0072] After nelting through the crust CL,

addi tional granular polysilicon GP is added to the
w@eaeitise2 65 (Fig. 13) . At this point in the pet/Us19g5/021369

process, the solid plug OP2&xtending into the first
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appropriate rate. As the melt height H in the crucible 65
drops, the mass flow rate of liquid silicon LS passing
through the outlet 85 of the crucible is reduced. The purge
gas can be used to pressurize the remaining liquid silicon
LS in the crucible 65 so that the liquid silicon flows out
the nozzle 85 of the crucible at a sufficient velocity to
maintain a flow stream generally directed along the central
axis of the nozzle. It has been determined that
approximately 2 torr (0.04 psi) of pressure differential
between the melter assembly 1 and the crystal puller CP is
preferable for approximately every 10 mm (0.4 inch)
reduction in melt height H to maintain the desired mass flow
rate of liquid silicon LS. After completely draining the
melter of all liquid silicon LS, power to the upper and
lower coils 95, 99 may be turned off and the splash guard



flowstream (Fig. 15) generally aligned with the

central axis of the nozzle. Wien liquid silicon LS
whegicnsson drain fromthe cruci ble 65 the feedeeT/G52005/021369

shoul d be set to the targetpol ysilicon feed rate of

about 85 kg/hr. During the flow of nolten silicon LS

fromthe crucible 65, the nelt height Hof the |iquid
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signygiganputﬁ@e gpvirgs by using the melter assembly 1 of
the present invention significantly increases the ingot I
production of each crystal puller CP filled by the melter
assembly 1. Also, because the melting of polysilicon is
isolated in the melting assembly 1 and does not take place
in the hot zone of the crystal puller CP, less expensive,
non-dehydrogenated polysilicon source material may be used
because the splashing and spraying from adding polysilicon
having a higher amount of hydrogen is contained in the

" melter assembly.

[0076] As shown in Fig. 29, the melter assembly 1 of the
present invention may be used to service multiple crystal
forming apparatus (e.g., crystal pullers CP). The melter
assembly 1 may be operated as discussed above to deliver a
charge of molten source material LS to the crystal puller CP



preferable for approximately every 10 nm (0.4 inch)
reduction in nelt height Hto naintain the desired
wores/obdsev rate of liquid silicon LS. After cop@l/esmhy021369
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the upper and |l ower coils 95, 99 may be turned off and
the splash guardl55 raised into the docking collar 9 .
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thpoigdtkrcapsembly 1 above the first crystal puller CP so
that the melter assembly may be transferred to a position
above the second crystal puller. After positioning the
melter assembly 1 relative to the second crystal puller CP,
the melter assembly is connected to the lower housing LH of
the second crystal puller. After connecting the melter
assembly to the crystal puller, the melter assembly is
operated to deliver a stream of molten source material to
the second crystal forming apparatus. It is understood that
the method of servicing multiple crystal forming apparatus
could be applied to any embodiment of crystal forming
apparatus described herein or any other crystal forming
apparatus without departing from the scope of this
invention. Further, it is understood that after completion
of the melt and £ill cycle, the melter assembly 1 may remain



havi ng a hi gher amount of hydrogen is contained in the

melter assenbly. [0076] As shown in Fig. 29, the
woredobmo9sassenbly 1 of the present invention mapCbesus®c1369

to service multiple crystalks8forni ng apparatus (e.qg.,

crystal pullers CP). The nelter assenbly 1 may be

operated as di scussed above to deliver a charge of

nolten source material LS to the crystal puller CPand
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second cfystal connecting t
be incorporated to the open-top crucible design w1thout

departing from the scope of this invention. The three-coil
configuration of this embodiment allows temperature
regulation of the melt by control of the current supplied to
the upper coil 219, intermediate coil 221, and lower coil
223. Each of the coils 219, 221, 233 is separately
connected to its own power supply for independent control of
the current passing through each coil. The amount of
heating power generated by each of the three coils 219, 221,
223 may be independently regulated.

[0080] The addition of the separate intermediate coil 221
of this design allows the heat of the silicon melt in the
middle portion of the crucible 227 to be independently
regulated by adjusting the current flowing through the
intermediate coil. The separate lower coil 223 of this
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understood that the nmethod2of servicing nmultiple
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the gravity feeder. Also, the two bends accommodate a

gravity feeder that is offset from the centerline of the
melter assembly so that the feeder can be connected to the
melter assembly from a different position of the feeder.
[0082] Figs. 20 and 21 show yet another embodiment of the
melter assembly, generally indicated 301, that includes a
crucible, generally indicated 305, having multiple chambers.
The crucible 305 comprises an outer bowl 309 having a bottom
nozzle 311, a filter cylinder 315 welded to the outer bowl
and having ports 317 (only two of which are shown) for the
inflow of molten silicon LS, and an inner cylinder weir 321
sized to correspond with the size of the bottom nozzle. The
weir 321 is shorter than the bowl 309 and filter cylinder
315 and surrounds the nozzle 311 so that liquid silicon LS

inside of the cylindrical weir exits the nozzle of the



the upper coil 219, internediate coil 221, and | ower
coil 223. Each of the coils 219, 221, 233 is
waemanedset y connected to its own power supply POT/US2005/021369
i ndependent control of the3eurrent passing through
each coil. The anount of heating power generated by
each of the three coils 219 221, 223 may be

indefendently regul at ed. 008Qé The addition of the
Crg%bﬁ 8t 80P nt eFhedral B183i Freeibbe 3 AP sOfekiyf APFHIR has a

melh@n@eahaﬁbefhg%&t aegpﬁeaglby tlgettblleaaé dﬂéew@@ﬂéttn@ Bdwl

0 e.ln naen

305 il i ERAERE, FEATArBuf byt r COBRE S ReC RATRR R 3t o
betweén The ﬁebaeateylmméercanﬂ 17473 mélthzﬁesag@ al dloasn
chéﬁﬁg?efs‘hoéekgﬁeé' b CORe F 5 0ME00; LB QUIbLE h@}/ﬁfﬁﬁficgf’%eir

I ndependent | y“ requl ated by adj usti ng
32%requency of the current flow ng through the | ower

[0693] . ArRe, nbhgléowi 687 | b@280£ 8 rhet 8§ esls t e SELEHE

netic fjel he outlet 235 .that restricts t
abEYBaPOr BSFFLenSs oRad Ay | ht Ur aiath CORBEA hbSR ELES a
rediatehee béatbé weltefl@dSguidie 3gductTha Dlowlguide 337

cofEBRT ChaTFIEh BESELRNiq EO IR EOH LBL fobcRyy 0"
crpoybiad3pedoredirpetingetipe Bbdwt foPmothe heebbingtcrgcible

alén eéHétoQ£e£h§u£§QHéegfC@Héaﬁio@eéwﬁéé 1he 1heyi ehe
i con through the outl| et and_the inner

assi n
9r§YﬁFFa€€ug%b%ﬁe86ut | 8. tl[lﬁo%'l]j’oﬁ‘@en'igogh%msa FOramdr21a,
thenhelt rrﬁmbwo@uwe BBVt &6 Basendl Jorgeser al fyseadycated

|ncludes a, cru0|bl 255 havi n ed to
euf8 lrnblioh el PRLUESRa A RESGER! EngSRoRRle "UE REVERS blFer
bow5 a@greedbeﬁdeXQ@51y26¥190edawcbhnbﬂatdnglmheh@mbéet333
Thefmébe 9iawlgxléseﬁ§ﬁ g&g théa9§§§981é88£9'§ 909h Ne e

po | con dust t enerated fromtransferring
ln?hées@ﬁlehﬁoFyéﬁlFB%ﬁ @%lﬁﬁ%1%$uEh%lél%ﬂd9¥h@en%Fta

tefipbasteret appr&k@ﬂale@l YeQG&UT SoVBE nslhghw%y&bbif@ Ofhe

t d
me L Rag 288100 o lonl bioh TaRPESE TR ey 1t B 269985 Con

shéwonineBtdi nglhhetheabioy deeder33A sxtendie downbends the
crgg%gﬂ??én‘%fgg ?%gXiEYeféédSE that oty 041 sla 1LPM Nerig.

2) and facilitates the flow of molten silicon from the
melting assembly 301 to the crystal puller so that splashing
and spraying in the crystal growing crucible is reduced.

The flow guide 337 may be made of any suitable material
(e.g., fused silica, fused quartz, silicon-carbide coated
graphite, etc.) without departing from the scope of this
invention. The heating element 339 may be an electric
resistance heating element for use with a molybdenum,
tungsten, or graphite resistance heater. Alternatively the
flow guide 337 may be heated by induction heating with a
molybdenum, tungsten, or graphite susceptor.

[0084] Fig. 21B shows a modified version of the flow
guide 341 in the form of a tube that receives the nozzle 311
of the melting crucible 305. The flow guide 341 has a
heating element 343 on the outside of the tube so that



melter assenbly so that the feeder can be connected to
the nelter assenbly froma different position of the

wo e@dm0980f 0082] Figs. 20 and 21 show yet anot hB€T/US2005/021369
enbodi nent of the nelter assenbly, generally indicated
301, that includes a crucible, generally indicated
305, having nultiple chambers. The crucible 305
conpri ses an outer bow 309 having a bottom nozz|e
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fopuphgrftpsppegbodlment (i.e., induction heating by
induction coils 341 around the crucible 305). As the
granular polysilicon GP melts in the melting chamber 325,
molten silicon LS flows through the ports 317 in the filter
cylinder 315 and fills the control chamber 329 of the
crucible 305. Once the level of molten silicon LS in the
control chamber 329 reaches the height of the cylindrical
weir 321, molten silicon flows over the top of the weir and
begins to exit the nozzle 311 of the crucible 305. The
molten silicon LS contacts the flow guide 337 and flows down
to the crystal growing crucible CC at a slow, controlled
speed and in a direction generally axially aligned with the
nozzle 311 to minimize disturbances on the surface of the
melt M in the crucible. 1In this way, the melter assembly
301 supplies a controlled flow of molten silicon LS to the



2 ) and facilitates the flow of nolten silicon from

the nelting assenbly 301 to the crystal puller so that
wapboashisny and spraying in the crystal grow ngpCT/US:005/621369

is reduced. The fl ow gui de3337 nay be nade of any

suitable material (e.g., fused silica, fused quartz,
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1sdgg ai gognghgﬁ to b?ockzéheg£§g%|gf liquid silicon from
the crucible 355. The flow of liquid silicon LS from the
crucible 355 is controlled by turnihg on and off the
current supplied to the lower induction coil 371.

[0088] Figure 23 shows a melter assembly of another
embodiment, generally indicated 381, that is similar to the
previous embodiments except the melter assembly is designed
to transfer liquid silicon LS into the crystal growing
crucible CC by pouring liquid silicon over the top wall 383
of the melting crucible 385. The melter assembly 381
includes a heater 389 that heats the melting crucible 385 to
melt solid polysilicon in a controlled environment separate
from the crystal puller CP. The heater 389 may include
induction coils as described above, resistance heaters, or
any other suitable heater without departing from the scope
of this invention. After the solid polysilicon has been



polysilicon GP is added to the nelt chanber 325 and

the polysilicon is nelted in a simlar manner as
waole®enemserl above for the first enbodi nent (i.ePCT/US2005/021369

i nduction heating by inducBdon coils 341 around the
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surrounded by a radio frequency heating coil HC1l for heating
the source material in the crucible. The crucible GC1l has
an end face, generally indicated EF1l, having a capillary gap
CGl formed therein located generally near the peripheral
edge of the crucible. The capillary gap cGl and the
crucible GCl1 have a shape corresponding to the cross-
sectional shape of the crystalline body formed by the
apparatus GA. The crucible GCl has slots STl formed on an
inside wall of the crucible so that molten silicon SM1 may
flow into the capillary gap CGl and rise by capillary
action. In the illustrated embodiment, the apparatus GA has
a seed SC1 that is octagonally shaped to correspond with the
shape of the capillary gap CGl. The seed SCl is lowered



flow of liquid silicon LS out of the crucible 355.
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and replaced with the upper housing UH1 for operation of the
crystal forming apparatus.

[0092] Fig. 26 shows another prior art crystal forming
apparatus, generally indicated GA2, for which the melter
assembly 1 of the present invention may be used to supply
molten source material SM2. The crystal forming apparatus
GA2 of Fig. 26 is a crystal pulling apparatus that uses the
String Stabilized Growth (SSG) method to produce a solid
crystalline ribbon CR2 which is grown from the melt SM2
contained in a crucible GC2. This crystal forming apparatus
GA2 produces a thin, wide sheet of large grain
polycrystalline silicon or monocrystalline silicon that is
suitable for use in the production of solar cells or other

semiconductor devices.



encl osing a pull chanber PO . The upper housing UH
has been nostly broken away in Fig. 24. In the

w0 bdoambasat ed enbodi nent, the | ower housi ng LH Ppentlms®e21369
a crucible/capillary die spStemincluding a growth
crucible GO, a capillary die CD, a susceptor Sl, an
i nner heater assenbly IH , and an outer heater
assenbly HAI. [0090] The crucible GO contains a
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(not shown) enclosing a pulling apparatus for pulling the
strings and the ribbon CR2. Reference may be made to U.S.
Patent Nos. 4,689,109, 4,661,200, and 4,627,887, the
disclosures of which are incorporated herein by reference,
for additional information regarding the SSG crystal forming
apparatus.

[0094] As shown in Fig. 27, the melter assembly 1 of the
present invention may be positioned in place of the upper
housing above the crucible GC2 of the SSG crystal pulling
apparatus GA2 to recharge the crucible with molten silicon
SM2. The melter assembly 1 would be operated in a similar
manner as discussed above for the previous embodiments to
deliver the molten silicon SM2 to the SSG crystal forming
apparatus GA2.



connects to the apparatus GAl by renoving the upper
housi ng UH encl osing the pull chanber PO and
wa@ooaeaisong t he docking collar 9 of the nelterrPeEEsII05Y21369
to a flange FAl on the | owss housing of the crystal
form ng apparatus. The nelter assenbly 1 is then
operated in a simlar fashion as di scussed above to
fill the crucible GO of the EFG crystal form ng
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that solid ycrystalline silicon (not shown) may
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molten material to cool as it moves away from the crucible
fingers. The ingot SI3 is cast as the support member SP3 is
lowered, allowing the molten source material SM3 that is
removed from the crucible fingers CF3 to cool and solidify.
Typically, solid source material (not shown) that is added
from the top of the apparatus GA3 is melted in the apparatus
to replenish the molten material SM3 that is removed when
the retractable support member SP3 is lowered. As shown in
Fig. 28, the melter assembly 1 of the present invention can
be installed above the crucible fingers CF3 to replenish the
quantity of molten source material SM3 that is used to cast
the solid ingot SI3.

[0097] The melter assembly 1 may be operated in a similar
manner as discussed above to provide a directed flow of
molten source material SM3 to the casting apparatus GA3. 1In



source material and the nelt SM2 in the crucible. The

crucible GC2 has a nelt tube MI2 for enptying the
w@eaeitise2 af ter the nmelt SM2 has becone i npur ePGDUS1v84/021369

the nelt may be replaced w3th fresh source nmaterial.

As the strings SSI, SS2 are drawn upward fromthe

crucible GC2 , liquid silicon between the strings is

renoved fromthe crucible and solidifies as it cools
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resent 1 nvention ma e u Su e ource
dlEﬁPBFFﬁPeéwﬁotGléOEaEP?n@oibganP%sgggéﬁeFQ § £7ed source
matediaat ¢ GA3, médteraattagbsyl td ﬁbyﬁtalTheesohgdtﬁlug oP

preventslghtggéenbog HET%egfsthCezﬁatéglafaﬁél o the
apparat us a contil nuous cCas appar at us ﬁ
medtest pagenbly duphdie hhﬁbeasspsn@@toﬂﬂa mﬁldemoved from

th8e8§§€Lh§ bB?h?QE@Q &%%Borlﬂ Fhesh! Lastiatedpparatus is

enbodi nent i ncludes a _series of spaced
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th&neet! cREB polherREtadlin®Bodpduces a current in the
[ofhHF' P! exli 19e034CE3: 804 . OPPRST LELY: SB2LE8Y-SHLL o8k
shown in Fig. 29 may be replaced with a conventional cold
crucible mold having a solid wall for batch casting solid
ingots without departing from the scope of this invention.
Reference is made to U.S. Patent Nos. 4,769,107, 4,572,812,
and 4,175,610 which is incorporated by reference herein, for
additional information regarding casting processes capable
of utilizing the melter assembly 1 of the present invention.
[0099] When introducing elements of the present invention
or the preferred embodiment (s) thereof, the articles "a",
"an", "the" and "said" are intended to mean that there are
one or more of the elements. The terms "comprising",
"including" and "having" are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.



the nolten source material SMB so that the nolten

material is repelled fromthe crucible fingers and
w@otbadeserl i n the casting apparatus GA3 . Cool PODUS2005/021369

liquid (not shown) is circuBated through the crucible

fingers CF3 to help cool the nolten source materia

SM3 . [0096] Solid silicon ingots SI3 are fornmed in

t he casting apparatus GA3 by Iomerlnﬂ t he support
[0RRAREr SPB whay @ﬁohh?h@bevﬁcubFeW¥l gee sSEER thalk the
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[00ROR] i al ASMBagiadsathyndesr easkd k¢ | madleagih hehavhbene
co§B£§&&§Lo§% &99£o§§§? &PMfﬁ ?Fgémtﬁgggﬁg &rgf'g%é
lnmtit@nt oler &4, 1ate@w3ﬁgtmé arbltréﬁt%nr@@nhm@@dam the

ab&SHB &Qé&riﬁti@ﬂvaﬁdsﬁéﬁﬁWiHetHéU&é@%ﬁpihﬁ9ﬁ§5d£§§1ﬁ§s
ﬂg band solidif g T% g ¥ solid soqurce naterial .
Sh? t %hqu?rPﬁ%F Fs2SdUeqUFFERT LR #9P BPtihe @ limiting

seApparatus GA3 is nelted in the apparatus to repl enish
the nolten material SMB that is renoved when the
retractabl e support nenber SP3 is |owered. As shown in
Fig. 28, the nelter assenbly 1 of the present
i nvention can be installed above the crucible fingers
CF3 to replenish the quantity of nolten source
material SM3 that is used to cast the solid ingot SI3

[0097] The nelter assenbly 1 may be operated in a

simlar manner as di scussed above to provide a
directed flow of nolten source material SMB to the
casting apparatus GA3 . Inthe illustrated enbodi nent,
the nelter assenbly 1 is first positioned above the
casting apparatus such that nolten source nmaterial SM
may be delivered to the nold MD3 formed by the
crucible fingers CF3 . After granular polysilicon GP
(Fig. 10) is added to the nelter assenbly 1 , the
upper heating coil 95 in the nelter assenbly is
operated to nelt the source material in the nelting
cruci ble 65. The |l ower heating coil 99 is operated to
nmelt the solid plug OP above the crucible nozzle 85 to
allow nolten source material LS to
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flow through the orifice 111 of the nelter assenbly 1
to deliver a directed stream of nolten source materi al
W0 000bh@ser uci bl e GC3 of the crystal form ng apper/as2085/021369
GA3 . After the crucible G38 of the crystal formng
apparatus has been filled, the operation of the | ower
heating coil 99 is discontinued to allow the solid
plug OP of solidified source naterial in the nelter
WHATSEALCHATIMEDoEST The solid plug OP prevents the flow
of nolten source material LS fromthe nelter assenbly
1 while the cast ingot SI3 is renpved fromthe castlng
appdr at bsmehBesragserely; £ast PRRPhYHRY ad ughasge of molten
soﬁ@éétm966Q1QE|@M’éh@rﬁEt&Erféﬁﬁﬁﬂ@|dpﬁ@fat@@ the melter
ctlon of the next cast polycrystalline body.
asF%ﬁ@ Y fP"PE1T8h0%f st ood that the casting apparatus GA3

shoanhouskng; 29 may be repl aced MAth a conventiona
colg crycipie mtdebavindeAesabidingl! for batch
casting so I ngots w thout departi ng fromthe scope
of ahheatavedispaseReretahiee| sonblle ¢pucisle pheenpelting
soNog so&rgggméggrlél5§8c§i3edaﬂﬂ ﬂhé75r@éQbMQlCh is

|ncor or at ed ref erence herf for additio
R P uR L r bl haT TR cacntrb e aatsted Ty EME gt the
flowi bEf zholtéhesoelktermasseidl ysichf thhe préseatted flow of
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FRVentron-or the pref e od I 'men
selheredf floMWerateicles "a", "an", "the" and "said" are
i ntended to nean that there are one or nore of the
el enents. The terns nprisin "includin
"ha¥i ng? %?ét?ﬁteﬁaeﬂbtﬁ pe ?ﬁgl fervh hﬁdchgéﬂ %h%?ereln

sataeaeraayebefaddltsoaabonéeeﬁﬁtstﬁéhmrofhmnltéﬁ sbsted

mag ene ts .[00100] In view of the above, it will be
g8&h%that the several obj ects of the invention are
achi eved and ot her advant ageous results attai ned.
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longer than the first and second portions of the nozzle.

4. A melter assembly as set forth in claim 3 wherein
the length of the third portion of the nozzle in millimeters
is approximately equal to 50 plus 50 times the diameter of
the third portion divided by the diameter of the second
portion and said selected flow rate ranges from
approximately 50 kg/hr to approximately 140 kg/hr.

5. A melter assembly as set forth in claim 1 wherein
said heater comprises a first induction coil generally
around an upper portion of the crucible, the first induction
coil being adapted for connection to a power supply for
supplying current to the first induction coil.



sense .WHAT IS CLAIMED IS: 1 . A nelter assenbly for

supplying a charge of nolten source material to a
wa@egosedsof or m ng apparatus, the nelter assenbl pCT/US2005/021369

conprising: a housing; a cHocible located in the

housi ng; a heater disposed relative to the crucible

for nelting solid source material received in the

cruci ble; the crucible having a nozzl e adapted to

conér ol Atheltevvassembly eas soRlk cEonblt ein af laimhS tWagrein

safirREAEEr T FQUEREr NRLAS I SOHT £ s 8BLRE | BhaAGAPiSE coil
supplied to the apparatus at a selected flow rate.

2 .
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of the nozz|e being |onger than the first and second
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upper portion of the crucible, the first induction

coil being adapted for connection to a power supply
forssuppl yebgecuassanbly adbesétrBorthdimtcdbaiwo? | wherein
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9. A melter assembly as set forth in claim 1 further
comprising a splash guard adapted to be lowered from the
melter assembly into the crystal forming apparatus to
protect the crystal forming apparatus during the flow of
molten source material from the melter assembly into the

crystal forming apparatus.

10. A melter assembly as set forth in claim 1 in
combination with said crystal forming apparatus, said
crystal forming apparatus comprising at least one of a
crystal puller adapted for growing monocrystalline ingots
according to the Czochralski method, a crystal puller
adapted for growing hollow polysilicon bodies according to
the Edge-Defined Film Growth Method, and a crucible adapted
for forming cast polycrystalline silicon bodies.



supply to heat the source material in the | ower
portion of the crucible. 7 . A nelter assenbly as set

wo eooblodsoz cl ai m 6 further conprising a susceptPCT/US2005/021369
di sposed between the first 4and second i nduction coils
and the crucible, the susceptor having an upper
portion including a plurality of circunf erentially
spaced fingers to inhibit induction heating by the
first.intluseloarcassembahyl as|ovkrfporhi on ¢bapnohoterther
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asgg% nttgonggatkggten source material to flow through an
orifice of the melter assembly to deliver a stream of molten
source material to the crucible of the crystal forming

apparatus.

14. A method as set forth in claim 13 further
comprising removing an upper housing of the crystal forming
apparatus defining a pulling chamber from a lower housing of
the crystal forming apparatus defining a growth chamber and
attaching the melter assembly to the lower housing in place

of the upper housing.

15. A method as set forth in claim 14 further
comprising removing the melter assembly from the lower
housing and reattaching the upper housing to the lower
housing and growing a monocrystalline ingot from the melt



the nolten silicon during flow between the nozzle and
the crystal form ng apparatus. 13 . A nethod of
w@bawsgosg2 a crystal form ng apparatus w th nol Pe€nus2005/021369
source material, the nmethod2conprising the steps of:
positioning a nelter assenbly relative to the crystal
form ng apparatus for delivering nolten silicon to a
cruci bl e of the apparatus; operating an upper heating
dedpvered tRethel eBRCABI@nbRyLRS h@W@r569V%énﬁa¥é?mth$n
medt &8l hsBEmBIYiCi bl e, - operating a |ower heating coil in
the nelter assenbly to allow nolten source material to
flow through an orifice of the melter assembly to
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A nmethod as set forth in claim14 further conprising
renoving the nelter assenbly fromthe | ower housing
andl7eat Bavhthgdt e appefohbhsingciaimhis | vherehouthagstep

of3891959§”BﬂeaSBQPQSrM§Eé¥Lémeob899§ Eﬁ@géﬁﬂént to the step
nmel tdel ivered to the crucible in I ower housi ng
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the mass flow rate of the solid source material to be
approximately equal to the mass flow rate of melted source
material out of the melter assembly.

19. A method as set forth in claim 13 comprising,
prior to the step of operating the upper heating coil,
feeding a quantity of solid source material into the melter
assembly and wherein the step of operating the upper heating
coil includes leaving a plug portion of the source material
unmelted for plugging a nozzle in the melter assembly.

20. A method as set forth in claim 19 wherein
operating the lower heating coil includes melting the plug

portion of the source material to unplug the nozzle.

21. A method as set forth in claim 13 wherein the step
of operating said lower heating coil comprises maintaining a

superheat above the melting temperature of the source



of attaching the nelter assenbly to the | ower housing
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and wherein said nethod further conprises pressuri zi ng
the nelter assenbly relative to the crystal puller to
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25. A method as set forth in claim 13 further
comprising at least one of growing a monocrystalline ingot
from the melt delivered to the crucible of the crystal
forming apparatus and forming a polycrystalline body from
the melt delivered to the crucible in crystal forming

apparatus.

26. A method as set forth in claim 25 wherein said
polycrystalline body is at least one of a hollow polygonal
silicon body formed by an Edge-defined Film Growth method, a
ribbon of polycrystalline silicon, and a cast silicon body.



24 . A method as set forth in claim13 further
conprising discontinuing the flow of nolten silicon
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molten source material comprises providing electrical power
to a lower induction coil of the heater to initiate flow
through an orifice of the melter assembly.

29. A method as set forth in claim 27 further
comprising discontinuing the flow of molten source material
from the melting crucible by discontinuing the operation of
the heater and forming a solid plug of source material
preventing flow from the melting crucible.

30. A method as set forth in claim 27 further
comprising growing a monocrystalline ingot from the source

material delivered to the crucible of the melter assembly.

31. A method as set forth in claim 27 further
comprising forming a polycrystalline body from the source
material delivered to the crucible of the melter assembly



to a lower induction coil of the heater to initiate

flow through an orifice of the nelter assenbly. 29. A
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