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METHOD FOR GROWING MULTIPLE SINGLE
CRYSTALS AND APPARATUS FOR USE THEREIR

ack v

This invention relates generally to method and
apparatus for growing a single crystal and more
particularly to a method for growing multiple crystals and
apparatus used in the method. . '

The substantial majority of poly crystalline
silicon which is used to make silicon chips for the
solid-state electronics 1industry is produced by the
Czochralski ' method. Briefly described, this method
involves melting chunks of high-purity polycrystalline
silicon in a gquartz crucible located in a specifically
designed furnace to form a silicon melt. An inert gas such
as argon is typically circulated through the furnace. A
relatively small seed crystal is mounted above the crucible
on a pulling wire which can raise and lower the seed
crystal. The crucible is rotated and the seed crystal is
lowered into contact with the molten silicon in the
crucible. When the seed begins to melt, it is slowly
withdrawn from the molten silicon and starts to grow,
drawing silicon from the melt.

To increase the rate of production of single
crystal from one furnace, it is desirable to grow more than
one crystal from the silicon melt in the crucible before
the crucible is replaced with a new crucible containing a
fresh batch of silicon. The process of replacing the
crucible is time consuming and considerably slows the rate
of production of crystals. Although it is possible to zdd
molten silicon to the melt after the crystal is grown or
during the growth process, the number of crystals which may
be grown from the melt is still 1limited by the
céncentration of impurities such as Fe and C in the melt.
The concentration of Fe, C and other impurities in the melt
is initially in the parts per million and parts per billion
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apparatus for growing a single crystal and nore particularly to a method
for growing nultiple @rystals and apparatus used in the nethod.

.The substantial majority of poly crystalline silicon which is used to nake
silitcon chips for the solid-state electronics industry is produced by the
" Czochral ski nmethod. Briefly described, this nethod involves nelting
chunks of high-purity polycrystalline silicon In a quartz crucible | ocated

such a6 arg5Roee JEREH Ry ceRRERAYd S AR R ©f 4T 9T
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during the growth process. This affinity is represented
5 numerically by the segregation coefficient of the
particular impurity. If the segregation coefficient is
less .than one, the impurity tends to remain in the liquid
as silicon is drawn off by the seed crystal. For example,
C has a coefficient of 0.01 and Fe has a coefficient of 8 X
10 1078, Therefore, even if new silicon is added to the melt,
the concentration of these impurities quickly grows to
unacceptable levels, and the crucible must be replaced with

a new crucible containing a fresh batch of molten silicon.

Summary of the Invention

15 Among the several objects and features of the
present invention may be noted the'provision of a method
for growing single crystals in which multiple crystals may
be grown from a replenished batch of molten source material
while maintaining purity within specifications; the

20  provision of such a method which prevents contamination of
the batch of molten source material during the purification
process; the provision of such a method in which
purification can be Earried out quickly so that a new
growth process can begin; and the provision of such a

25 method which is simple to use.

. Still further among the several objects and
features of the present invention may be noted the
provision of apparatus for accomplishing the objects of the
aforementioned method; and the provision of such apparatus

30 which may draw off the precise volume of melt needed for
purification.
Generally, a method of the present invention for
growing multiple high-purity single crystals from a
replenished melt by maintaining the purity of molten source
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cruci bl e. \Wen the seed begins to nelt, it is slowy withdrawm fromthe
-melten Silicon and starts to grow, drawing silicon fromthe nelt.

To increase the rate of production of single crystal fromone furnace, it
is desirable to grow nore than one crystal fromthe silicon nelt in the
‘cruci ble before the crucible is replaced wwth a new cruci ble containing a

. f.resh batch of silicon. The process of replacing the crucible is tinme
consum ng and consi derably slows the rate of production of crystals.

Al t hough it materissl bire the aguwellhobekd bl acorucbblacineht fuknecet R thest al

- Is grown or dhid NoeddCe G 04 BuRhGCRIIn-bUR1 BY RSNl WNMAS WHENdBY be
grown fromthe nelt 1s still limted by the CToncentration of 1npurities
such as Fe aff GH9PT L nel 9rowhed cohcta?fhatPof efysbalcfanm sheesource

impurities imattd¥id®lin the crucible; extracting a portion of a volume
5 of the melt remaining in the crucible; adding high-purity
source material to the melt; and growing at least one more
single crystal.
Extractor apparatus constructed according to the
principles of the present invention is adapted for use in
10 the stated method. The apparatus comprises a receptacle
enclosing a- volume adapted to receive molten source
material therein. Means thermally insulates the volume in
the receptacle, inlet means associated with the receptacle
) is adapted to conduct molten source material into the
15 receptacle. Means draws molten source material into the
receptacle.

The invention is described hereinafter with

the Figures.

20 Brief Description of the Drawinds
_ FIG. 1 is a schematic partial section of a
furnace for producing single crystals showing apparatus for
use in maintaining the purity of molten source material in
the furnace;
25 FIGS. 2(a)-{c) schematically show steps for
extracting a portion of the molten source material;
FIG. 3 is a schematic longitudinal section of a
receptacle of the apparatus;
FIG. 4 is a schematic section of a receptacle of
30 a second embodiment;
FIG. 5 is a section of a tubular member taken in
a plane including line 5-5 of Fig. 3;
FIG. 6 is a schematic longitudinal section of a
receptacle of a third embodiment; T e e
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is initially in the parts per mllion and parts per billion

REPLACENMENT SHEET 2 range, which is
necessary to produce crystals of sufficient purity. The inpurities have
different affinities for
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FIGS. 7(a)-{(b) are graphs showing the
concentration of the impurity Fe in the crystals produced
without using the method of the present invention and using
the method of the present invention;

FIGS. B(a)-(b) are graphs showing the
concentration of the impurity C in the crystals produced
without using the method of the present invention and using-
the method of the present invention; and

FIGS. 9(a)-(b) are graphs showing the lifetime of
semiconductor material produced without using the method of
the present .invention and using the method of the present
invention.

Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

Detailed [ s ¢ the Pref 1 Embodi

Referring now to the drawings, and in particular
to Fig. 1, a furnace, generally indicated at 10, of the
type used to grow monocrystalline silicon ingots is shown
to comprise a pulling chamber 12 and a crystal growth
chamber 14. A gate valve or hatch 16 is pivotally mounted
on the furnace betwgen the pulling chamber 12 and the
crystal chamber 14 for swinging between an open position
{shown in solid in Fig. 1), in which the pulling chamber
and the crystal growth chamber are in communication, and a
closed position (shown in phantom in Fig. 1), in which the
pulling chamber and crystal growth chamber are isolated
from one another. A pulling wire 18 depends from a crystal
lifting mechanism 20, which operates like a winch to
selectively reel in and let out the pulling wire. During
the crystal growing process, a seed crystal {(not shown) is
held at the lower end of the pulling wire.

A crucible 24 in the crystal growth chamber 14
containing molten crystal source material (in the
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remaining ip liquid or going to a solid formin the crystal during the
gromﬂh ‘process. This affinity is represented nunerically by the segregation
coefficient of the particular inmpurity. |If the segregation coefficient is

~less than one, the inpurity tends to remain in the liquid as silicon is
drawn off by the seed crystal. For exanple, C has a coefficient of 0.01 and
Fe has a coefficient of X 10[err]. Therefore, even if new silicon is

8
Cinaccept ablie TR/ at e SUPRELBERE | bRdSHTEh TREY, dPh AseR i BE HPE: Bei bl o
cont ai ni ng cugd~sisdpdiiit ¢hecaft amilet enssifdcorotatIommasy @ shaftnvamtion
Among the %%GE&Hié%”E?%& @ﬂg Esgﬁgggfeognﬁh%onnected to a motor (not
shown). A graphite heater and a thermal shield adjacent to
5 the crucible and turntable in the crystal growth chamber 14
are schematical{y shown at 30 and 32, respectively. A door
(not . shown) in the furnace 10 provides access to the
pulling chamber 12 to remove silicon ingots after grbwing;
and to insert and remove the extractor apparatus described
10 below.

The furnace 10 described to this point in the
description is of the type which is well known in the art
for use in single crystal silicon crystal growth by the

) Czochralski methed.

In this method
chunks of polycrystalline silicon are melted in the
crucible 24 in the furnace 10 to form a silicon melt 25.
The interior of the furnace 10 is evacuated to a vacuum

20 pressure and an inert gas such as argon is typically
.circulated through the furnace. A relatively small seed
crystal (not shown) is mounted by a seed holder {(not shown)
above the crucible 24 on the pulling wire 18 attached to
the crystal lifting ﬁéchanism 20 which can raise and lower

25 the seed crystal. The crucible 24 is rotated and the seed
crystal is lowered into contact with the silicon melt 25 in
the crucible. When the seed begins to melt, it is slowly
withdrawn from the molten silicon and starts to grow by
solidifying silicon from the melt 25.

30 In order to improve efficiencies and increase the
rate of output of crystals by the furnace 10, the supply of
molten silicon in the crucible is recharged so that a new
crystal may be grown without replacing the crucible 24 and
the silicon melt 25. This is accomplished by adding new

35 molten silicon to the melt 25 after the crystal growth
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present. i nvention may be noted the provision of a nethod for growi ng single
crystals in which nmultiple crystals nay be grown from a repl eni shed batch
of nolten source naterial while maintaining purity wthin specifications;
t he provision of such a nethod which prevents contam nation of the batch of
ol ten source material during the purification process; the provision of
such a nethod in which purification can be carried out quickly so that a

new gr owt h e c
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apparatus which may draw of f the precise_vol une o need e
be grown before the molten silicon in the crucible becomes

5 too heavily concentrated with impurities is severely
limited because of the low segregation coefficients of many
of the impurities in the molten silicon. Typically, after -
a second crystal is grown from the replenished silicon melt
25, the concentration of impurities is too high to produce

10 another crystal of sufficiently high quality for use in
semiconductor applications.

Referring now again to Fig. 1, extractor
apparatus for use in the crystal growth process to maintain
) the purity of the silicon melt 25 is shown to comprise a

15 receptacle 36, enclosing a3 volume
adapted to receive molten silicon from the melt 25
therein. The extractor apparatus, as described more fully
below, is used to draw off a portion of the molten silicon
in the crucible 24 after a crystal growth process. A first

20 embodiment of the receptacle 36, shown in Fig. 3, includes
a shell generally indicated at 38, and made of powder
metallurgy molybdenum, a refractory metal. The shell 38
includes a cylindrical body 40, and a generally circular
bottom plate 42 attached to the body with molybdenum bolts

25 44. A cap 46 has a generally flat, annular portion 464,
and a tubular portion 46B projecting upwardly from a
central opening in the annular portion, the tubular portion
having an open upper end defining an outlet 47 from the
receptacle 36. A stainless steel fitting 48 attached to

30 the upper end of the tubular portion 46B of the cap
connects the receptaéle 36 via flexible
tubing 52, preferably of stainless steel, , to a source of
vacuum pressure. A hold down assembly, indicated generally
at 54, for the cap 46 includes a ring 56 having a plurality

35 of axial bores (not shown) spaced at regular intervals

eplaced
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purification. Generally, a nethod of the present invention for
grow ng' nultiple high-purity single crystals froma replenished nelt by
mai ntai ning the purity of nolten source
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around the ring, and a plurality of radial bores 58 spaced
circumferentially around the ring. Stainless steel bolts

60 extending through the radial bores 58 in the ring engage
and hold down the annular portion 46A of the cap. The hold
down assembly 54 is secured to the body 40 of the shell by
molybdenum bolts 62 received through bores in the boedy and
into .the radial bores 58 in the ring 56.

The cap 46 and hold down assembly 54 as shown
herein are made of stainless steel. The materials chosen
for the extractor apparatus have been selected for their
refractory or 1insulating properties, and/or their
resistance to chemical reaction in the atmosphere
of the furnace 10. However, it is to be understood that

also other material than the
materials specified herein may be used, as long as they

have satisfactory properties for the present invention.

Prior to attachment of the hold down assembly 54
to the shell body 40, a thermally insulating liner is
inserted into the shell 38. The liner comprises a solid
graphite lining, generally indicated at 64, including an
annular base 66 having a threaded central opening 66A, a
tubular portion 68, and an annular 1lid 70. In the
preferred embodiment, the solid lining 64 is made of
purified extruded gréphite,

and has a minimum thickness of
about 0,63 cm for receptacles having diameters less
than 10 cm .+, and a minimum thickness of about
1l om for lérger diameter receptacles. An inlet tube
72, is
adapted.to conduct molten source material trom the crucible
24 into the receptacle 36. The inlet tube 72 has exterior
threads and may be screwed into the threaded opening 66A in
the base 66 for sealing connection to the base. Together,
the base 66 and the inlet tube 72 are positioned in the

C il



material in,the nelt held in a crucible type used for grow ng high-purity
" siengle crystals includes the steps of: grow ng at |east one crystal from
the source material in the crucible; extracting a portion of a volume of
the nelt remaining in the crucible; adding high-purity source material to
the nelt; and growing at | east one nore single crystal. Ext ract or
appar atus constructed according to the principles of the present I nvention

acept act e Shetdsi S Vet Bl BRRY P oo ic By Ao AR B dHAL St L
therein. Me&he t$kehdl Witmsthat elsmerfe poktieni & héheeciapteic! &ublenl et
means assocp%%@c%wa e dERPPLAE! Soeh afARi £Ocha SRILGE apLien 3our ce

mat eri al o fhe recepta ten source nmaterral into the
below the receptacle 36, and an upper portion of the tube

5 projecting upwardly from the bottom plate into the volume
enclosed by the receptacle.
After sliding the tubular portion 68 of the solid-
lining 64 into the shell 38, a lining
74 of purified graphite felt
10
is placed in the
shell. The lining 74 includes a bottom annular member
74A adapted to receive the inlet tube 72 through its
) central opening and a tubular member 74B covering the
15 inwardly facing wall of the tubular portion 68 of the solid
graphite lining 64, and is adapted to compress as silicon
solidifies in the receptacle 36 for protecting the tubular
portion and base of the solid graphite lining from damage.
A single layer of lining 74 of 0,63 cm
20 thickness has been found sufficient for receptacles having
diameters of aboutl2,6cmor less. A second layer (not shown)
of an about 0,63 cm thick lining is used for receptacles of
greater diameter. The - - 1id 70 rests
on the upper end of the tubular portion 68 of the solid
25 graphite lining 64. An inverted, cup-shaped deflector 76
is suspended from the 1id with hangers 78 made of
molybdenum below the 1lid's central opening. The deflector
76 prevents silicon drawn into the receptacle 36 from
passing out of the receptacle through the outlet 47 at the
30 top thereof, but allows the passage of gases around it and
out of the receptacle for maintaining vacuum pressure in
the receptacle. Attachment of the hold down assembly 54 to
the shell 38 firmly holds the base 66 of the solid graphite
lining in sealing relation with the bottom plate 42 of the
35 shell. The hold down assembly 54 also facilitates seallnq
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receptacle. The invention is described hereinafter with the

Fi gures. Brief Description of the Draw ngs . FIG 1is a
schematic partial section of a furnace for producing single crystals
showi ng apparatus for use in maintaining the purity of nolten source
material in the furnace; FIGS. 2(a)-(c) schematically show steps
f.or extracting a portion of the nolten source material; FIG 3 is

a schemati ¢ 5l.0pglel YiNfls Hetuldth Pnet FRAEE AL S Hod 63 ARRRTRLYS 66 of
the solid graphite lining 64, and between the tubular
portion 68 and the 1lid 70, by pressing them tightly
together.

5 As shown in Figs. 3 and 4, the inlet tube 72 is
made of semiconductor grade quartz glass.

It includes an
inner wall 82 and an outer wall 84 which are fused together
10 at the top and bottom thereof and define a cylindrical
space 86 between them. In the illustrated embodiments, the
inner wall 82 has a thickness of approximately 0,1 cm
and the outer wall 84 has a thickness of approximately 0,15
: cm The outside diameter of the outer wall 84 is
) 15 approximately 1,98 cm and the inside diameter of the
inner wall 82 is approximately 1,19 cm.

A vent hole, 88 is formed in the outer wall 84 to relieve
20 pressure in the space 86 as the inlet tube is subjected to
heat in the furnace 10. The outer wall 84 is formed with
the threads for sealing engagement in the threaded opening
. 66A of the base 66 of the solid graphite lining 64. As
described more fully below, the double walled construction
25 of the inlet tube 72 helps to prevent pieces of the tube
from breaking off and falling into the silicon melt 25 in
the crucible 24.
- A rod 90 mounted on the outside of the shell body
40 is used to gauge the depth of insertion of the lower end
30 of the inlet tube 72 in the silicon melt 25 so a pre-
determined volume of the silicon melt will be drawn off.
The rod 90 is made of the same high purity quartz glass as
the inlet tube 72, and is mounted by tabs 92 made of
molybdenum on the body 40. The tabs 92 are each secured to
35 the body 40 with one of the bolts (62, 44) used for
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FLG 4 is a schematic section of a receptacle of a second enbodi ment;
FIG 5 is a section of a tubular nenber taken in a plane including line 5-5

of Fig. 3; FIG 6 is a schematic |ongitudinal section of a
receptacle of a third enbodi nent;
REPLACEMENT SHEET : - 4 -

attaching the hold down assembly ring 56 and bottom plate
42, respectively, to the shell body. The rod 90 is
received through openings in the tabs 92, with an upper,
flanged end 94 of the rod supported by the upper tab 92 so
5 that the rod projects below the bottom of the receptacle 36
a predetermined distance. Insertion of the lower end of
the inlet tube 72 is to be stopped when the lower end of
the rod 90 contacts the surface of the silicon melt 25 in
the crucible 24 (i.e., the rod indicates to the operator to
10 stop).

A second embodiment of the receptacle, indicated
generally at 136, is shown in Fig. 4. Parts of the
receptacle 136 corresponding to those in the receptacle 36

) of the first embodiment are indicated by the same reference

15 numeral preceded by a "1". The receptacle 136 includes a
shell 138 made of stainless steel having a one-piece body
140 with an integral annular bottom wall 142, and a cap 146
having an outer annular portion 146A and a tubular portion
146B projecting upwardly from its center. A fitting 148

20 attaches flexible stainless steel tubing 152 to the source
of vacuum pressure. An integral, radially outwardly
projecting flange 153 at the upper end of the body 140
supports the cap 146. An inlet tube 172 has substantially
the same construction as the inlet tube 72 described ahove,

25 except its outer wall 184 has no external threads. The
inlet tube 172 is fused to a quartz annular flange member
lji_and inserted into the shell body 140 on an annular
graphfoil seal 175A resting on the bottom wall 142 of the
body. A second annular graphfoil seal 175B is located

30 between the flange member 173 and the bottom end of a lower
tubular portion 168 of a solid graphite lining 164. It has
been found that the graphfoil seals 175A, 175B are
necessary to maintain vacuum pressure in the receptacle 136
of the second embodiment, but that such seals are

35 unnecessary in the receptacle 36 of the first embodiment.
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FIGS. 7(a)-(b) are graphs showi ng the concentration of the inpurity Fe in
the crystals produced w thout using the nethod of the present invention and
usi ng the nmethod of the present invention; FIGS. 8(a)-(b) are
graphs showi ng the concentration of the inpurity Cin the crystals
.produced w thout using the nmethod of the present invention and using the

met hod of tfg. P ERSAtwadlllV O i€He @iular portidh %68 Wf)tHd)salid gr aphs
ot hod of | GRARIEE AR S bt SRS T Ph e rEERbi e LgaE b ch "9 1
of compressive graphite felt in its lower portion. In
the second embodiment of the invention the
inverted, cup-shaped deflector 76 of the
5 first embodiment is replaced with a set of baffles,
designated 176A, 176B and 176C, which are made of
molybdenum and supported in the receptacle 136. ' The lower -
baffle 176A supported by the lower tubular graphite lining
portion 168 is generally circular with a plurality of
10 circular openings 177 in it which are spaced from its
center portion of the lower baffle. The annular inter-~
mediate baffle 176B spaced from the lower baffle 176A by an
intermediate tubular graphite lining member 179 supports an
) upper tubular graphite lining member 181. The circular top
15 baffle 176C is suspended by hangers 178 from a 1id 170 of
the solid graphite lining 164 which is supported on the
upper tubular graphite lining member 181. The baffles
176A-176C create a tortuous path between the 1lower
receptacle volume and the outlet 147 of the receptacle 136
20 which may be easily traversed by gases, but which prevents
silicon from leaving the receptacle through the outlet.
The 1lid 170 has an outer annular portion 170A and an
integral tubular portion 170B projecting upwardly into the
tubular portion 146B of the cap. A gauge rod 190 sub-
25 stantially identical to the rod of the first embodiment is
mounted by stainless steel tabs 192 onto the shell body 140.
. In both embodiments, the stainless steel tubing
(52, 152) inside the furnace 10 is attached via a quick-
connect vacuum coupling (not shown) in the wall of the
30 pulling chamber 12 to a first valve V1. Another section of
stainless steel tubing 96 extends from the first valve V1
to a second valve V2 attached to a fitting 98 of a vacuum
reservoir tank 100. A third valve V3 attached to the
fitting 98 controls communication of the tank 100 with a
35 vacuum pump (not shown). Together, the tank 100 and the

————— o o

R ...H.EEH..T

This Sheet Has Been R

I T



i nvent i on. Correspondi ng reference characters indicate
correspondi ng parts throughout the several views of the draw ngs.

Det ai | ed Description of the Preferred Enbodi nents Referring now to
the drawi ngs, and in particular to Fig. 1, a furnace, generally indicated
at 10, of the type used to grow nonocrystalline silicon ingots is shown to
conprise a pulling chamber 12 and a crystal growth chamber 14. A gate valve

or hatch 16 gigng Id&ﬁ@éiwmf@un&eélanat %Jw@a@s bSE\'ﬂﬁﬁnptrlé%sﬂlﬂe' | ngramber
12 and the crystal chanber ngi n ef ween_an_q BPSItiOﬂ (shown

in solid invEiyme)of;kh ﬁhFéﬁkt&QOLﬂﬁuﬁggéﬁéh%%F31Y 10 arger

than that of the receptacle 36 so that there is no loss of
vacuum pressure in the receptacle when the inlet tube 72

5 emerges from the silicon melt 25 during the extraction
process.

The method of growing multiple high-purity
silicon crystals from a single, replenished silicon melt 25
includes the steps of melting .solid polycrystalline silicon

10 in the crucible 24, and growing a monocrystalline ingot,
such as by the Czochralski method described above. The
ingot is pulled from the crystal growth chamber 14 to the
pulling chamber 12 and the hatch 16 is shut to isolate the

) crystal growth ;hamber from the pulling chamber. The

15 pressure in the pulling chamber 12 is raised to ambient in
the furnace room and the ingot is then removed from the
pulling chamber through a door (not shown) in the pulling
chamber wall. The impurities in the melt 25 after the
first growing process, such as iron (Fe) and carbon (C),

20 will have risen to such a level that the concentration of
impurities in a second crystal grown from the melt will
increase substantially notwithstanding the addition of
fresh silicon to the melt. After a second crystal is
grown, another high gquality crystal cannot be grown from

25 the crucible 24, even though the silicon melt 25 is
recharged with fresh silicon. Replacement of the crucible
24_5__ or a purification of the silicon melt 25 in the

‘crucible is required. To maximize the life of the melt 25
in the crucible 24, an extraction process is performed

30 after each crystal growing process to purify the melt.

To begin the extraction process, a receptacle,
such as the receptacle 36 of the first embodiment described
above, is suspended by stainless steel cable 104 from the
pulling wire 18. The fitting 48 is attached over the open

35 upper end of the cap 46 to connect the receptacle 36 with
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and the crystal growth chanber are in comunication, and a cl osed position
“(shown in phantomin Fig. 1), in which the pulling chanber and crystal
growt h chanber are isolated fromone another. A pulling wire 18 depends
froma crystal |ifting mechani sm 20, which operates |like a winch to

-sel ectively reel in and let out the pulling wire. During the crystal
growi ng process, a seed crystal (not shown) is held at the |ower end of the

pul 11 g Wi rEhe tuping $2CM4alENG 45 thd h@aEﬁMﬂt 2es8r0¥il ¢haideods
containing nolten c f%ta source " materia
However, the first and second valves V1, V2 are closed so
that the pressure in the receptacle 36 is the ambient
pressure in the furnace 10. The pulling chamber 12 is
5 evacuated to the pressure of the crystal growth chamber
14. The hatch 16 is opened and the crystal lifting
- mechanism 20 is activated to begin lowering the receptacle .
into the crystal growth chamber 14. As the receptacle 36
is lowered into the crucible 24, the lower end of the inlet
10 tube 72 is immersed in the silicon melt 25 remaining in the
crucible after a crystal growth process. Downward movement
of the receptacle 36 is stopped when the gauge rod 950
contacts the surface of the melt 25. The receptacle 36 is
) now in the position shown in Fig. 2(a). The vertical
15 distance between the bottom of the inlet tube 72 and the
bottom of the gauge rod 90 has been preset so that the
inlet tube is immersed far enough to draw off a pre-
determined amount of liquid from the melt 25 before the
bottom of the inlet tube emerges from the melt.
20 The pressure in the crystal growth chamber 14 is
raised to about 300 torr, and the vacuum reserveoir tank 100
has previously been evacuated to a pressure of less than 3
torr. The first and second valves V1, V2 are opened so
that the receptacle 36 is in communication with the vacuum
25 reservoir tank 100, and a substantial pressure differential
between the interior of the receptacle and the surrounding
amg}ent pressure in the crystal growth chamber 14 is
developed. Molten silicon S is forced into the receptacle
36 through the inlet tube 72 in the manner illustrated in
30 Fig. 2(b). Inside the insulated interior of the receptacle
36, the temperature is well below the freezing point for
silicon, so that molten silicon entering the receptacle
quickly solidifies. The graphite felt lining 74 allows the
silicon to expand as it freezes without damage to the solid
35 graphite lining 64. Eventually, a sufficient volume of the
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turntable 26 for rotation on a shaft 28 depending fromthe turntable and
connected to a notor (not shown). A graphite heater and a thernal shield
adj acent to the crucible and turntable in the crystal growh chanber 14 are
.schematically showm at 30 and 32, respectively. A door

melt 25 is extracted and the lower end of the inlet tube 72
emerges from the melt and no further liquid silicon is
drawn into the receptacle 36 (Fig. 2{(c})). To prevent the
extracted silicon from flowing out of the receptacle 36
5 after the 1e§e1 of the silicon melt 25 in the crucible 24
drops below the inlet tube 72, the vacuum surge system
(i.e., vacuum reservoir tank 100) continues to pull gas
into the receptacle until the extracted silicon solidifies.
The method described thus far and illustrated in
10 Figs. 2(a)-{(c) may be referred to as an "underfilled” mode
of extraction because the volume of the receptacle 36 1is
sufficiently large that the level of silicon never rises
above the top of the inlet tube 72 in the receptacle.
) However, an "overfilled” mode is also contemplated in which
15 the level of silicon rises above the top of the inlet tube
72 and plugs the outlet 247 so that communication with the
vacuum in the vacuum reservoir tank is cut off. A third
embodiment of the receptacle, indicated generally at 236,
for use in the overfilled mode is shown in Fig. 6. The
20 structure of this receptacle 236 is substantially the same
as that of the first embodiment, and corresponding parts of
the receptacle are indicated by the same reference numerals
as those of the receptacle of the first embodiment, but
with a prefix "2". A stainless steel plug having a
25 diameter less than the inner diameter of the tubular
portion 246B of the cap 246, but greater than the diameter
of the opening in the 1id 270 of the solid graphite lining
264 is located in the tubular portion of the cap. The flow
of gas from the receptacle 236 keeps the plug 237 off the
30 1id 270 during extraction of the silicon. Eventually, the
receptacle 236 becomes so full that the silicon S in the
receptaéle is drawn around the peripheral edges of the
deflector 276 and up into the tubular portion 246B of the
cap. The silicon S freezes immediately upon contact with
35 the stainless steel plug 237 so that the outlet 247 is soon
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(mot shown) in the furnace 10 provi des access to the pulling chanber 12 to

‘renove silicon ingots after growing, and to insert and renove the extractor
apparatus descri bed bel ow. The furnace 10 described to this point
in the description is of the type which is well known in the art for use in
single crystal silicon crystal growh by the Czochral ski nethod.

I.n this nmethod chunks of polycrystalline silicon are nelted in the crucible

he f I 25. Th t f t f
10 15 evacullB0RED o DacdhE cLa VRS ARAARY NAT AP LERRUER APghhe o

typically receptacle 236 is trapped and acts to hold the extracted
silicon S in the receptacle.
The inlet tube 72 has been particularly designed

5 to prevent contamination of the melt 25 during extraction
of a portion of the volume of the liquid silicon in the
melt. One form of contamination could be the introduction .
of impurities into the melt 25 from the dissolution of the
inlet tube 72 by the silicon liquid when the inlet tube

10 contacts the liquid. This would clearly defeat the purpose
of purifying the silicon melt 25. Another form of
contamination could be solid, slowly melting or stable
debris falling off the inlet tube 72. Solids in the melt

) 25 can cause dislocations in the crystal if they contact

15 the growing crystal at the outside edge of the solid/ligquid
interface. A crystal ingot grown with such dislocations '
would be unfit for use in any semiconductor application and
would have to be discarded. However, the quartz glass from
which the inlet tube 72 is made of the same as that used to

20 make the crucible 24, which is of the same purity as the
silicon from which the crystals are grown. Although a
small amount of the quartz glass is dissolved during the
extraction process, the level of impurities in the glass is
sufficiently low as not to contaminate the melt 25.

25 Quartz glass is very brittle at its temperature
in the crystal growth chamber 14 just below the melting
po{nt of silicon, so that the problem of preventing pieces
of_the inlet tube 72 from breaking off and falling into the
melt 25 remains. If the overfilled mode of extraction is

30 used (Fig. 6), the inlet tube 272 will be filled with
silicon after extraction is completed. As the silicon
freezes and expands, there is a substantial risk of
radially outward fracture and spalling'of the inner wall
282 of the inlet tube 272. Even if the underfilled mode of

35 extraction is used (Figs. 2(a)-2(c)), some liquid silicon
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circulated through the furnace. A relatively small seed crystal (not
shown) ts nounted by a seed hol der (not shown) above the crucible 24 on the
pulling wire 18 attached to the crystal |ifting mechani sm 20 which can
raise and lower the seed crystal. The crucible 24 is rotated and the seed
crystal is lowered into contact with the silicon nelt 25 in the crucible.
When the seed begins to nelt, it is slowwy wthdrawn fromthe nolten

o A g i S ] YhT R Lheon framdlie el 25
crystal s byokfhesitfaeee tbdsibe sfipphe ofigquiden srie c@reerinbe andici ble is
2 and the SFPRESIORGIA 2ENetR; ST0Esa tonpt Fuh T LRl B FeRPFoten
silicon to phesiblifli2y aft ératherer pptlaspgildinlg of the inner wall 82.
5 However, in both modes the outer wall 84, 284 of the inlet
tube contains any fractured portions of the inner wall 82
so .that pieces of the inner wall do not £fall into the melt -
25. In the underfilled mode, the freezing silicon inside
the receptacle 36 can compress the outer wall 84 of the
10 inlet tube and cause fracture 0f the outer wall. Here, the
inner wall 82 prevents pieces of the outer wall 84 from
falling down the inlet tube 72 and into the melt 25.
When extraction is completed, the crystal lifting
) mechanism 20 is activated to lift the receptacle 36 out of
15 the crucible 24 and the crystal growth chamber 14. Once in
the pulling chamber 12, the hatch 16 is closed to isolate
the crystal growth chamber 14 from the pulling chamber.
Pressure in the pulling chamber 12 is brought to ambient_
pressure in the furnace room, and the receptacle 36 is
20 disconnected from the tubing 52 and the pulling wire 18.
The receptacle 36 is removed from the pulling chamber 12
and the seed holder carrying a new seed crystal is attached
to the pulling wire 18. If the batch recharge Czochralski
method is being used, fresh silicon would be added to the
25 melt 25 as this juncture. In any event, proper temperature
and pressure conditions in the crystal growth chamber 14
are reestablished, and another high-purity crystal is grown.
After removing the receptacle 36 from the pulling
chamber 12, the hold down assembly 54 and cap 46 are
30 removed. The extracted silicon, the graphite felt lining
74 and the inlet tube 72 are removed from the shell 38 and
discarded. The shell 38, and frequently the solid graphite
lining 64, may be reused with a new graphite felt lining
and inlet tube for the next extraction process.
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brocéss ("Batch Recharge Czochral ski") or by continuously adding

nolten silicon to the nelt ("Continuous Recharge

10

15

20

25

30

35

It has been calculated that using the extraction
process described herein, wherein 50% of the volume of the
liquid silicon in the melt 25 remaining after each crystal
is grown is removed, at least six crystals may be grown
without replacing the crucible 24 with a new crucible
containing completely fresh silicon. The concentration of
th crystal grown when the
method of the invention is not used, as compared to the
concentration when the claimed method is used is

the impurity carbon (C) in the n

graphically illustrated in Figs. 7(a) and 7(b). The same
comparison for the impurity iron (Fe) is shown in Figs.
8(a) and 8(b). More specifically, the graphs plot the
concentration of the impurity in the crystal (normalized by
the initial concentration of the impurity in the
polycrystalline silicon source material) against the
fraction of the melt solidified. As may be seen, using the
extraction process, the concentration of impurities in the
sixth crystal grown does not differ dramatically from the
concentration of impurities in the second crystal grown
when no extraction occurs.

A related comparison for the impurity Fe is shown
in Figs. 9(a) and 9(b). These graphs plot the calculated
lifetime of the minority carrier (i.e., the time which the
silicon crystal can hold an electric charge) against the
fraction of silicon in the melt which has been solidified
in the crystal. The lifetime of the crystal is a key
characteristic in the usefulness of the crystal in the
semiconductor applications for which it is intended. The
lifetime of a particular crystal correlates to the amount
of impurities (in this case, Fe) it contains. To
generalize the calculations, the lifetime, Tau, has been
nogmaliied by the lifetime of the seed end of the first
crystal grown from a melt. The lifetime of crystals grown
using the herein described method falls off
much more slowly (particularly after the growth of the
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Czochral ski"). However, the nunber of crystals which can be grown before
the nolten silicon in the crucible becomes too heavily concentrated with
inmpurities is severely Ilimted because of the | ow segregation coefficients
of many of .the inpurities in the nolten silicon. Typically, after a
second crystal is grown fromthe replenished silicon nelt 25, the

" concentration of inpurities is too high to produce another crystal of

sufficientl ' [ f QR USE. 4 sgnmi conduct or _appl j cations.
Referring ﬁg%b%ggg#%gtﬁg).%ﬂiﬁ(iéé]%&f%%&ﬁ?wéé@p%f%§€§ifo?r%§% fromnha
crystal gro#tR93Locessrignighrdai melbeiportding st HeheipEIYh 3+ 25 is
shown to conprise a receptacle 36, enclosing a
vol une adapted to receive nolten silicon fromthe nelt 25 therein. The
extractor apparatus, as described nore fully

5

In view of the above, the superiority of the
method of the invention compared to the prior art is
shown.

10
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bel ow,s | s used to draw off a portion of the nolten silicon in the crucible
24 after a crystal growh process. A first enbodi nent of the receptacle 36,
shown in Fig. 3, includes a shell generally indicated at 38, and nade of
powder netal |l urgy nol ybdenum a refractory netal. The shell 38 includes a
cylindrical body 40, and a generally circular bottomplate 42 attached to
the body with nol ybdenum bolts 44. A cap 46 has a generally flat, annul ar
porti orwH®A, TencdLeIMEbuLas portion 46B projecting upwardly froma central
opening in the annul ar portion, the tubular portion having an open upper
end defining an outlet 47 fromthe receptacle 36. A stainless steel fitting
48 attakthed A mmetieodpfer gnowihgtinel tihlie ahighrpuoity68Bingle hergapatsannects

the recept acke,d6, vigpfLRKIRLE hibl "287 np" RLEAERINIQL EhETphepeySbee!

to a source
molten source material in the melt held in a crucible (24) in

a furnace (10) of the type used for growing high-purity
single crystals, characterized in that it comprises the steps
of:
(a) growing at least one crystal from the source material
in the crucible (24);
(b) extracting a portion of a volume of the melt (25)
remaining in the crucible (24);
(c) adding high-purity source material to the melt (25);
and

(d) growing at least one more single crystal.

2. A method according to claim 1, characterized in that high-
purity source material is continuously added to the melt (25)
throughout said crystal growing step and throughout said
extraction of a portion of a volume of the melt (25)

remaining in the crucible (24) and .

3. A method according to claim 1 or 2, characterized in that
said step of extracting a portion of a volume of the melt
(25) comprises the steps of inserting a receptacle (36) into
the furnace (10), lowering the receptacle down into contact
with the melt (25), and admitting source material into the
receptacle.

4, A method according to one of claims 1 to 3, characterized in
that approximately 50 % of the volume of the melt (25) is
extracted.

5. A method according to claim 3, characterized in that said
step of admitting source material into the receptacle (36) is

achieved by applying a vacuum pressure to the receptacle.

M i



vacuum pressure. A hold down assenbly, indicated generally at 54, for the
cap 46 includes a ring 56 having a plurality of axial bores (not shown)
spaced at regular intervals

REPLACEMVENT SHEET 2 5 NOV 1996
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6. A method according to claim 5, characterized in that vacuum
pressure is applied to the receptacle (36) until source
material solidifying in the receptacle blocks communication
of the receptacle with the wvacuum source.

7. A method according to claim 3, characterized in that the
receptacle (36) is lowered down into the melt (25) to a

predetermined depth into the melt.

8. A method according to one of claims 1 to 7, characterized in
that at least one crystal is grown by the Czochralski method,
in that a crystal is pulled upwardly out of the melt (25) on
a pulling wire (18), and wherein said extraction of a portion
of a volume of the melt (25) comprises the steps of hanging a
receptacle (36) in the furnace (10) on the pulling wire,
lowering the receptacle down into contact with the melt, and

admitting source material into the receptacle.

9. A device for use in growing multiple high-purity single
crystals from a replenished melt (25) of source material
contained in a crucible (24) in a furnace (10) of the type
used for growing high-purity single crystals by maintaining
the purity of the source material in the melt, comprising:
(a) a receptacle (36) enclosing a volume adapted to receive
molten source material therein; .

(b) means (64) for thermally insulating the volume in the
receptacle; and

{(c) inlet means (72) associated with the receptacle (386) for
conducting molten source material into the receptacle,
said inlet means being formed of a material which will
not contaminate the source material melt when a portion

of said inlet means dissolves in the melt.
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around the ring, and a plurality of radial bores 58 spaced
circunferentially around the ring. Stainless steel bolts 60 extendlng

t hrough the radial bores 58 in the ring engage and hold down the annul ar
portion 46A of the cap. The hold down assenbly 54 is..secured to-the-body 40
of the shell by nolybdenum bolts 62 received through bores |n the body and

into the radial bores 58 in the ring 56. Tmhémw a%d| d down
assenbly 54 as shown herein are nade of ¥t-ainl ess st l |als

chosen for the extractor apparatus have been sel ecte ractory
or insulating properties, and/or their resistance to en1ca| reaction in
t he at nosphere of the furnace 10. However, Is to be understood

that also other nmterial . . than t he
10. A device according to claim 9, characterized in that said

inlet means (72) comprises a tubular member having open ends
and including an inner generally cylindrical wall (82) and an
outer generally cylindrical wall (84) joined to the inner
wall, the inner and outer walls defining a space between

them.

11. A device according to claim 9 or 10, characterized in that it
comprises in addition to said inlet means (72) an opening in
the receptacle (36) as well as means (66, 66A) for sealably

connecting the tubular member and the opening.

12. A device according to one of claims 9 to 11, characterized in
that said inlet means (72) comprises a tubular member being

formed from semiconductor grade quartz glass.

13. A device according to claim 12, characterized by gauge means

for indicating a predetermined depth of insertion.

14. A device according to claim 13, characterized in that said
gauge means comprises rod means (90) mounted on the re-
ceptacle (36) and extending below the receptacle to a
distance less than the end of the tubular member (72).

15. A device according to claim 9, characterized by additiomal
means for drawing molten source material into the receptacle
(36) .

16. A device according to claim 15, characterized in that said
additional means for drawing melt (25) into the receptacle
(36) comprises a vacuum source and means (52, 96) connecting

the receptacle to the vacuum source.

17. A device according to claim 16, characterized in that said

vacuum source comprises means for maintaining vacuum pressure
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matertals specified herein may be used, as long as they have satisfactory
‘properties for the present invention. Prior to attachnent of the
hol d down assenbly 54 to the shell body 40, a thermally insulating liner is
inserted into the shell 38. The liner conprises a solid graphite |ining,
generally indicated at 64, including an annul ar base 66 having a threaded
central opening 66A, a tubular portion 68, and an annular lid 70. I n
the preferred enbodi nent, the solid lini%g 64 is nmade of purified extruded
graphite, and has a m ni numthi ckness of about
0,63 cm for receptacles having dianeters less than 10 cm , and
a mnimum thi ckness of about

in the receptacle (36).

18, A device according to claim 17, characterized by a tank (100)
in communication with the receptacle (36), said tank (100)
having a volume approximately one hundred times the volume
enclosed by the receptacle (36).

19. A device according to claim 16, characterized in that the
receptacle (36) has an outlet and said connecting means (52,
96) comprises flexible conduit means connected to the re-

ceptacle (36) and connected to the cource of vacuum pressure,

20. A device according to claim 19, characterized in that said
flexible conduit means comprises a length of stainless steel
tubing.

21. A device according to claim 9, characterized in that the
receptacle (36) comprises a shell (40), and said thermal
insulation means (64) comprises liner means (74) received in
the shell, said liner means including a layer of compressible
lining adapted to be compressed upon expansion of the free-
zing source material in the receptacle (36) for protecting
said liner means from damage.
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1 cm_ for larger dianeter receptacles. An inlet tube
72, is adapted to conduct nolten source material fromthe crucible 24 into
the receptacle 36. The inlet tube 72 has exterior threads and nay be
screwed into the threaded opening 66A in the base 66 for sealing connection
to the base. Together, the base 66 and the inlet tube 72 are positioned in
t he . REPLACEMENT SHEET

METHOD FOR GROWING MULTIPLE SINGLE
CRYSTALS AND APPARATUS FOR USE THEREIN

Abstract of the Disclosure
A method for growing multiple high-purity single

5 crystals from a replenished melt by maintaining the purity
of molten source material in the melt held in a crucible in
a furnace of the type used for growing high-purity single
crystals. The method includes the steps of growing at
least one crystal from the source material in the crucible,

10 extracting a portion of a volumg of the melt remaining in
the crucible, adding high-purity source material to the
melt, and growing at least one more single crystal.
Extractor apparatus used in the method includes an
insulated receptacle having an inlet tube for conducting

15 molten source material into the receptacle. A vacuum
attached to the receptacle is used to draw the source
material into the receptacle.

23



shell 38 so that the base rests on the bottomplate 42 of the shell with

“the lower portion of the inlet tube projecting through the opening in the
bottom pl ate and bel ow the receptﬁf%fISG, and an upper portion of the tube
projecting upwardly fromthe botto ate into the volunme enclosed by the

recept acl e. After sliding the tubular portion 68 of the solid
lining 64 into the shell 38, a lining 74 of purified graphite felt
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Is placed in the shell. The l'ining 74 includes a bottom annul ar
nmenber 74A adapted to receive the inlet tube 72 through its central opening
and a tubul ar menber 74B covering 2Md i nwardly facing wall of the tubular
portion 68 of the solid graphite lining 64, and is adapted to conpress as
silicon solidifies in the receptacle 36 for protecting the tubular portion

and base of the solid graphltel§|g|ngmg‘gk 'ﬁh A single | ayer of
lining 74 of 0,63 cmthickness Tas DeE M\ci ent for recept acl es

havi ng di aneters of abot 12 _§cm or Iess seCsuo ayer (not shown) of an
about 0,63 cmthick lining i d for cqpt cI pf greater dianeter.
The I ests o thqqu- end of the tubular

portion 68 of the soiid — ”
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graphrte'lining 64. An inverted, cup-shaped deflector 76 is suspended from
the lid wi th hangers 78 made of nol ybdenum below the lid's centra
The deflector 76 prevent3/5}|icon drawn into the receptacle 36

openi ng.
from passing out of the receptacle through the outlet 47 at the top
t hereof, but allows the passage of gases around it and out of the

At t achnment

receptacl e for naintaining vacuum pressure in the receptacle.
of the hold down assenbly 54 to the shell 38 firmy holds the base 66 of
the solid graphite lining in sealing relation with the bottomplate 42 of

the shell. The hold down assenbly 54 also facilitates sealing
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-9- " at the joints between the tubular portion 68 and base 66 of the
solid graphite lining 64, and betmeen the tubular portion 68 and the |id
As shown in Figs. 3 and

70, by pressing themtightly gﬁ}g
4, the inlet tube 72 is made of s onductor grade quartz glass

& laG.4

” sz
N i \4&
\34 !
(4\6150 : 5 46
(55 Ve (A I (TOA
Al //I4éA
. | 5l G 5s
153 ‘ 15 ," 53
(81 \‘ \§ &K
H1e8 % N 17
i1 K. el
9”7 S L/ /’gzk/(’ WNF oz
\38 :‘(.,.”///\v-r_ 7, :\ ./"‘90
Ny sp—ee A\ |
led R 7% 5 l:: — N4
log — W s> NN 12 4
Y- A
1758 R~ > IR 192
=l LNl
S — 113
ITsA -~ > |
42 Y=Y\
(8¢ rlz- This Sheet Has Beey, Replaced S

Ll Imll IIII lll IIII



If includes an inner wall 82 and-an outer wall 84 which are fused together
at the top and bottomthereof and define a cylindrical space 86 between

them In the illustrated enbodi nents, _the inner wall 82 has a thickness of
approximately 0,1 cm and the outer3dtl 84 has a thickness of
.approximately 0,15 cm The outside dianeter of the outer wall 84 is
approximately 1,98 cm and the inside dianeter of the inner wall 82
S approxFﬂp e 1, cm A ¥ent. hole, 88 is formed in the outer wall
84 to rel evg k21° &27 '
1 [ |; 2.465 .
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pressure i'n the space 86 as the inlet tube is subjected to heat in the
furnace 10. The outer wall 84 is formed with the threads for sealing
engagenent in the threaded openi 641166A of the base 66 of the g0 id
graphite lining 64. As described nore fully below, the doublgewalled
construction of the inlet tube 72 helps to prevent pieces of e tube
frombreaking off and falling into the silicon nelt 25 in th uci bl e 24.
A rod 90 nounted on the outside of the shell body 40 is used t'o gauge the
depth of insertion of the lower end of the inlet tube 72 in the~EiIicon
melt 25 so a pre- deternined vol WteghfCa(ie)silicon nmelt will He) drawn of f.
The rod 90 is nade of the sanme high purity quartz glass as thd inlet tube
72, and is nounted by tabs 92 made of nol ybdenum on the body 40. The tabs
92 are each secured to
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the body 40 with one of the bolts (62, 44) used for
210 - attaching the hold down %ﬁgnbly ring 56 and bottom pl ate
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42, respectrvely, to the shell body. The rod 90 is received through
‘openlngs in the tabs 92, with an u fl anged end 94 of the rod
supported by the upper tab 92 s/ fflat the rod projécts bel ow the bottom of
the receptacle 36 a predeterm ned distance. Insertion of the |ower end of
the inlet tube 72 is to be stopped when the lower end of the rod 90
contacts the surface of the silicon nelt 25 in the crucible 24 (i~g™ the
rod indicates to the operator to stop). A second enbodi nent of
the receptacle, indicated generally at 136, is shown in Fig. 4. Pa~t=s of
the receptacle 136 correspondi ot he receptacle 36 of e first
enbodi nent are indicated by tﬁggggﬂgkpqﬁﬁregce nuner al preceded byt?\'rh
The receptacl e 136 includes a shell 138 nmade of stainless steel haying a

one- pi ece body

o O O 0O o .
o 2 8 & % & & % & 8 - = P
| | S IR R RS BERSNS RN RN NN R
o
o
.
o
ol O
o O
§ > N
y 3
E —~
g [«
2] £ 5
a e
E-O.. 8 ~+
3 * o =
- ‘QO
e ]
g
“
N -
()
(o]
P
o
o]

is Sheet Has Been Replaced ]

T



140 .wi th an-integral annular bottomwall 142, and a cap 146 having an outer
-anhnul ar portion 146A and a tubul ar portion 146B projecting upwardly from
its center. Afitting 148 attaches flexible stainless steel tubing 152 to
the source of vacuum pressure. ®Mllintegral, radially outwardly
projecting flange 153 at the upper end of the body 140 supports the cap
146. An inlet tube 172 has substantially the same construction as the inlet
tube 72 descri bed above, except its outer wall 184 has no external threads.

The inlet tube 172 is fused to a quartz annular flange nenber 173 a
inserted into the shell body FfboMCHI- @I graphfoil seal 175A rledting
1

on the bottomwall 142 of the body. A second annul ar graphfoil seal 5B is
| ocat ed between the flange nenber 173 and the bottom end of. a | ower~Tubul ar

portion 168 of a solid graphite lining 164. It has
e o o o o o o
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“been found that the graphfoil seals 175A, 175B are necessary to maintain
vacuurh pressure in the receptacle 136 of the second enbodi nent, but that
such seal s are unnecessary in the ¥®tEbt acle 36 of the first enbodinent.
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The inner wall of the tubular portion 168 of the solid graphite lining 164
Is l«ined wth a tubular |ayer 174 of conpressive graphite felt in its |ower
portion. In the second enbodi nent q@fi/ttle i nvention the

knverted, cup-shaped deflector 76 of the first enbodinent is replaced with
a set of baffles, designated 176A, 176B and 176C, which are nade of

nol ybdenum and supported in the receptacle 136. The | ower baffle A
supported by the | ower tubular graphite lining portion 168 is generally

circular with a plurality of circular openings 177 in it which areSpaced
fromits center portion of the |ower baffle. The annular inter- néEfate

baffle 176B spaced fromthe | ower by an internedi ate tybul ar
graphite lining menber 179 suppoﬂfgﬁééj/%°£Zﬁ6) ;S>
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upper tubul ar graphite lining menber 181. The circular top baffl'e’ 176C is

suspended by hangers 178 froma lid 170 of the solid gr
whi ch is supported on the upper tubular graphite |ining
baffl es 176A-176C create a tortuous path between the | o
volume and the outlet 147 of the receptacle 136 which bg s ﬁé{.é
traversed by gases, but which preventslslllcon froml egvijng the {e gét cle
through the outlet. The lid 170 has an outer annular p¢rt d

i ntegral tubular portion 17OB projecting upwardly intolthe tubul ar
146B of the cap. A gauge rod 190 sub- stantially identical to
the first enbodi nent i QHtE'aRbgR@v&Bﬁm%T;? E| SIHELE192 onto the shel |
body 140. CRISTRHS /B TUSHEOR: USK ZEERE{Ne| tubing (52,

152) inside the furnace 10 is attached via a qui ck-
Backaround of the Invention

This invention relates generally to method and

porti

apparatus £for growing a single crystal and more
particularly to a method for growing multiple crystals and
apparatus used in the method. .

The substantial majority of poly crystalline
silicon which is used to make silicon chips for the
solid-state electronics industry is produced by the
Czochralski ' method. Briefly described, this method
involves melting chunks of high-purity polycrystalline
silicon in a quartz crucible located in a specifically
designed furnace to form a silicon melt. An inert gas such
as argon is typically circulated through the furnace. A
relatively small seed crystal is mounted above the crucible
on a pulling wire which can raise and lower the seed
crystal. The crucible is rotated and the seed crystal is
lowered into contact with the molten silicon in the
crucible. When the seed begins to melt, it is slowly
withdrawn from the molten silicon and starts to grow,
drawing silicon from the melt.

To increase the rate of production of single
crystal from one furnace, it is desirable to grow more than
one crystal from the silicon melt in the crucible before
the crucible is replaced with a new crucible éontaining a
fresh batch of silicon. The process of replacing the
crucible is time consuming and considerably slows the rate
of production of crystals. Although it is possible to add
molten silicon to the melt after the crystal is grown or
during the growth process, the number of crystals which may
be grown from the melt is still 1limited by the
céncentration of impurities such as Fe and C in the melt.
The concentration of Fe, C and other impurities in the melt

_is initially. in the parts per million and parts per billion



connect vacuum coupling (not shown) in the wall of the pulling chanber 12
to a first valve V1. Another section of stainless steel tubing 96 extends
fromthe first valve V1 to a second valve V2 attached to a fitting 98 of a

vacuum reservoir tank 100. A third valve V3 af{t @ %t ing 98
control s conmuni cation of the tank 100 with a ya g i 2%3# shown) .
Toget her, the tank 100 and the -2 -

REPLACEMENT SHEET , 2 5 NOV 1996

range, which is necessary to produce crystals—of-sufficient

purity. The impurities have different affinities for
remaining in liquid or going to a solid form in the crystal
during the growth process. This affinity is represented
numefically by the segregation coefficient of the
particular impurity. 1If the segregation coefficient is
less .than one, the impurity tends to remain in the liquid
as silicon is drawn off by the seed crystal. For example,
C has a coefficient of 0.0l and Fe has a coefficient of 8 X
10~6. Therefore, even if new silicon is added to the melt,
the concentration of these impurities quickly grows to
unacceptable levels, and the crucible must be replaced with
a new crucible containing a fresh batch of molten silicon.

S f the Inventi

Among the several objects and features of the
present invention may be ﬁoted the'provision cf a method
for growing single crystals in which multiple crystals may
be grown from a replenished batch of molten source material
while maintaining purity within specifications; the
provision of such a method which prevents contamination of
the batch of molten source material during the purification
process; the provision of such a method in which
purification can be Earried out quickly so that a new
growth process can begin; and the provision of such a
method which is simple to use. '

. Still further among the several objects and
features of the present invention may be noted the
provision of apparatus for accomplishing the objects of the
aforementioned method; and the provision of such apparatus
which may draw off the precise volume of melt needed for
purification.

Generally, a method of-the present invention for
growing multiple high-purity single crystals from a
replenished melt by maintaining the purity of molten source



- 12 - punp constitute herein a source of vacuum pressure. The vol une
of the tank 100 is approximately 100 tines larger than that of the

receptacle 36 so that there is no | oss of vacuum pf€ T e Cept acl e
whenpt he inlet tube 72 energes fromthe silicon nel tﬁ_ :’@ﬁw%h’ﬁéf _

extracti on process. The met hod of grow n I tiple high-pufi
silicon crystals froma single, replenished silico 12 SNOV npggudesi t
steps of nmelting solid polycrystalline silicon in §hé¢ crucible 24,{apd

growi ng a nonocrystalline ingot,
material in the melt held in a crucible

type used for growing high-purity single crystals includes
the ste?s of: 'growing at least one crystal from the source
material in the crucible; extracting a portion of a volume
of the melt remaining in the crucible; adding high-purity
source material to the melt; and growing at least one more
single crystal. '

Extractor apparatus constructed according to the
principles of the present invention is- adapted for use in
the stated method. The apparatus comprises a receptacle
enclosing a- volume adapted to receive molten source
material therein. Means thermally insulates the volume in
the receptacle, inlet means associated with the receptacle
is adapted to conduct molten source material into the
receptacle. Means draws molten source material into the
receptacle.

The invention is described hereinafter with

the Figures.

FIG. 1 1is a schematic partial section of a
furnace for produc1ng single crystals showing apparatus for
use in maintaining the purity of molten source material in
the furnace;

FIGS. 2(a)-(c) schematically show steps for
extracting a portion of the molten source material;

FIG. 3 is a schematic longitudinal section of a
receptacle of the apparatus;

FIG. 4 is a schematic section of a receptacle of

~- a second embodiment;

FIG. 5 is a section of a tubular member taken in
a plane including line 5-5 of Fig. 3;

FIG. 6 is a schematic longitudinal section of a

receptacle of a third embodiment;



suchlas by the Czochral ski met hod descri bed above. The ingot is pulled

fromthe crystal growh chanber 14 to the pulling c nat ch
16 is shut to isolate the crystal growth chanber frnREPAGEMENT ifitEhapber .
The pressure in the pulling chanber 12 is raised tojafblent in thé {ufnace
room and the ingot is then renoved fromthe pulling craqPﬁquE@H hla]door
(not shown) in the pulling chanber wakl 4 The inpuritias the t{2%
after the first growi ng process, such as iron (Fe) and—ea+ber—{S——n ||
have risen to such a level that the concentration off inpurities in a g$econd

crystal grown fromthe nmelt will increase substantiatty morwithstandi ng the

addition of fresh sigigwn tp(ahe(Bpl t areAf tffaphsSeCoORGwEhySt ghei S grown
anot her high quality, crysgakgcannot he grown fromthe cgggible 4, gven

e impurity Fe in the crys s produce

t hough t h€ofqanti?thi@n "2
without using the method of the present invention and using
the method of the present invention;

FIGS. 8{(a)-(b) are graphs showing the

concentration of the impurity C in the crystals produced

without using the method of the present invention and using-

the method of the present invention; and

FIGS. 9(a)-(b) are graphs showing the lifetime of
semiconductor material produced without using the method of
the present .invention and using the method of the present
invention.

Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

Detailed [ ipt] f ¢} - 1 Embodi :

Referring now to the drawings, and in particular
to Fig. 1, a furnace, generally indicated at 10, of the
type used to grow monocrystalline silicon ingots is shown
to comprise a pulling chamber 12 and a crystal growth
chamber 14. A gate valve or hatch 16 is pivotally mounted
on the furnace between the pulling chamber 12 and the
crystal chamber 14 fér swinging between an open position
{shown in solid in Fig. 1), in which the pulling chamber
and the crystal growth chamber are in communication, and a
closed position (shown in phantom in Fig. 1), in which the
pulling chamber and crystal growth chamber are isqlated'
from one another. A pulling wire 18 depends from a crystal
lifting.mechanism 20, which operates like a winch to
selectively reel in and let out the pulling wire. During
the crystal growing process, a seed crystal (not shown) is
held at the lower end of the pulling wire.

A crucible 24 in the crystal growth chamber 14
containing molten crystal source material (in the



recharged with fresh silicon. Replacenent of the cruci bl e 24, or a

purification of the silicon melt 25 in the crucihle-is—eq ,
maxi mize the life of the melt 25 in the cruci bl e REPLAGEMENT GHEETo
is perforned after each crystal grow ng process fo rrfyTthe | .

process

al nl'ess Istieel cabl e

To begin the extraction process, a receptacle, suc b?ﬁépﬁq.%@%ept cle 36 of

the first enbodi nent descri bed above,-is suspgnd=d
104 fromthe pulling wire 18. The fitting 48 is attached-ever—ti
upper end of the cap 46 to connect the receptacl¢ 36 with

pen

‘illustrated embodiment, high-purity silicon) is held by a
cup-shaped turntable 26 for rotation on a shaft 28
depending from the turntable and connected to a motor (not
shown). A graphite heater and a thermal shield adjacent to
the crucible and turntable in the crystal growth chamber 14
are schematically shown at 30 and 32, respectively. A door
(not . shown) in the furnace 10 provides access to the
pulling chamber 12 to remove silicon ingots after growing,
and to insert and remove the extractor apparatus described
below.

The furnace 10 described to this point in the
description is of the type which is well known in the art
for use in single crystal silicon crystal growth by the
Czochralski method.

- In this method
chunks of polycrystalline silicon are melted in the
crucible 24 in the furnace 10 to form a silicon melt 25.
The interior of the furnace 10 is evacuated to a vacuum
pressure and an inert gas such as argon is typically
circulated through the furnace. A relatively small seed
crystal (not shown) is mounted by a seed holder (not shown)
above the crucible 24 on the pulling wire 18 attached to.
the crystal lifting ﬁéchanism 20 which can raise and lower
the seed crystal. The crucible 24 is rotated and the seed
crystal is lowered into contact with the silicon melt 25 in
the crucible. When the seed begins to melt, ‘it is slowly
withdrawn from the molten silicon and starts to grow by
solidifying silicon from the melt 25.

In order to improve efficiencies and increase the
rate of output of crystals by the furnace 10, the supply of
molten silicon in the crucible is recharged so that a new
crystal may be grown without replacing the crucible 24 and
the silicon melt 25. This is accomplished by adding new
molten silicon to the melt 25 after the crystal growth



-13 - the tubing 52 leading to the vacuum reser\ai —
However, the first and second valves V1, V2 are cl sem,PsA)CEM&NTaﬁHEﬂe

pressure in the receptacle 36 is the anbient pressuge—TTTTNHe T urnade 10.

The pulling chanber 12 is evacuated to the pressufel of, & heyncigept al jorowt h
chanber 14. The hatch 16 is opened and the crysta |f2t‘1r5§fgh mechianj sm 20

Is activated to begin |lowering the receptacle

process ("Batch Recharge Czochralski") or by continuously
adding molten silicon to the melt ("Continuous Recharge
Czochralski"). However, the number of crystals which can
be grown before the molten silicon in the crucible becomes
too heavily concentrated with impurities is severely
limited because of the low segregation coefficients of many
of the impurities in the molten silicon. Typically, after -
a second crystal is grown from the replenished silicon melt
25, the concentration of impurities is too high to produce
another crystal of sufficiently high quality for use in
semiconductor applications. _

Referring now again  to Fig. 1, extractor
apparatus for use in the crystal growth process to maintain
the purity of the silicon melt 25 is shown to comprise a
receptacle 36, enclosing a volume
adapted to receive molten silicon from the melt 25
therein. The extractor apparatus, as described more fully
below, is used to draw off a portion of the molten silicon
in the crucible 24 after a crystal growth process. A first
embodiment of the receptacle 36, shown in Fig. 3, includes
a shell generally indicated at 38, and made of powder
metallurgy molybdenum, a refractory metal. The shell 38
includes a cylindrical body 40, and a generally circular
bottom plate 42 attached to the body with molybdenum bolts
44. A cap 46 has a generally flat, annular portion 46a,
and a tubular portion 46B projecting upwardly from a
central opening in the annular portion, the tubular portion
having an open upper end defining an outlet 47 from the
receptacle 36. A stainless steel fitting 48 attached to
the upper end of the tubular portion 46B of the cap
connects the receptadle 36 via flexible
tubing 52, preferably of stainless steel, , to a source of
vVacuum pressure. A hold down assembly, indicated generally

_ at 54, for the cap 46 includes a ring 56 having a plurality
-+ of axial bores (not shown) spaced at regular intervals



into the crystal growth chanber 14. As the receptacle 36 is lowered into

the crucible 24, the |ower end of the inlet t ube

silicon nelt 25 remaining in the crucible after 4 CHEFISAGEMEWOS\N&‘ETp ocess.
Downwar d novenent of the receptacle 36 is stopped d 90
contacts the surface of the nmelt 25. The receptacl e ?§% VQ%EA t e
position shown in Fig. 2(a). The vertical . distange fbe %ﬂ t bot f om of
the inlet tube 72 and the bott om of the gauge roc pSet SO
that the inlet tube is imersed far enough to drdw off a pre- dete m ned
anount of liquid fromthe nelt 25 before the bottomof—theTntet-tube

14 is raised to about torr, and the vacuumreservoir tank
pr evi ous| yCHEEHPES 5%35%@ 1y, azoynss khe BingessStRanless steel bolts

60 extending through the radial bores 58 in thg ring engage
and hold down the annular portion 46A of the cap. The hold
down assembly 54 is secured to the body 40 of the shell by

energes fromuhe Hﬁétr1n§ and a-Bﬁhf5f¥¥¥”6f'Pa&b§105¥§é§|Sgrggﬁﬁeﬁha”ber

mo lybdenum bolts 62 received through bores in the body and
into .the radial bores 58 in the ring 56.

The cap 46 and hold down assembly 54 as shown
herein are made of stainless steel. The materials chosen
for the extractor apparatus have been selected for their
refractory or insulating properties, and/or their
resistance to chemical reaction in the atmosphere
of the furnace 10. However, it is to be understood that
also other material than the
materials specified herein may be used, as long as they
have satisfactory properties for the present invention.

Prior to attachment of the hold down assembly 54
to the shell body 40, a thermally insulating liner is
inserted into the shell 38. The liner comprises a solid
graphite lining, generally indicated at 64, including an
annular base 66 having a thfeaded central opening 66A, a
tubular portion 68, and an annular 1lid 70. In the
preferred embodiment, the solid 1lining 64 is made of
purified extruded gréphiteh

‘'and has a minimum thickness of
about 0,63 cm for receptacles having diameters less
than 10 cm . » and a minimum thickness of about
1 cm EOt.Iérgér diameter receptacles. An inlet tube

' 72, is
adapted to conduct molten source material trom the crucible
24 into the receptacle 36. The inlet tube 72 has exterior
threads and may be screwed into the threaded opening 66A in
the base 66 for sealing connection to the base. Together,
the base 66 and the inlet tube 72 are positioned in the



torr. The first and second valves V1, V2 are opened so that the receptacle

36 is in comunication with the vacuumreservoir tank 100, and a
substantial pressure differential between the interifor NTESA aptegl e
and the surroundi ng anmbi ent pressure in the crystal J fpumld | S

devel oped. Molten silicon Sis forced into the recepfa

inlet tube 72 in the manner illustrated ¢n Fig. 2(b)

interior of the receptacle 36, the tenperature is wejfl

Ele 36 t hr ought tihe
ng DN E%nsul lat ed
bel ow t he fregezj ng

point for silicon, so that nolten silicon entering theTeceptacle quickly
solidifies. The graphite felt Iining 74 allows the si{licon.ta Pxnnndaas it

freezes wi Lhowt damage dinyd Neneohddh 9LERML! 8l kB Bl ont T 42! |

sufficient
the shell Wlth the lower portion of the

inlet tube

X oE

projecting through the opening in the bottom plate and
below the receptacle 36, and an upper portion of the tube

projecting upwardly from the bottom plate into the volume

enclosed by the receptacle.

After sliding the tubular portion 68 of the solid-

lining 64 into the shell 38, a lining
74 of purified graphite felt

is placed in the

shell. The lining 74 includes a bottom annular member

74A adapted to receive the inlet tube 72 through its

central opening and a tubular member 74B covering the

inwardly facing wall of the tubular portion 68 of the solid

graphite lining 64, and is adapted to compress as silicon

solidifies in the receptacle 36 for protecting the tubular

portion and base of the solid graphite lining from damage.

A single layer of lining 74 o

£ 0,63 cm

thickness has been found sufficient for receptacles having
diameters of aboutl2,6cmor less. A second layer (not shown)
of an about 0,63 cm thick lining is used for receptacles of
1id 70 rests
on the upper end of the tubular portion 68 of the solid
graphite lining 64. An inverted, cup~shaped deflector 76
is suspended from the 1id with hangers 78 made of

greater diameter. The

molybdenum below the 1id's central opening.

The deflector

76 prevents silicon drawn into the receptacle 36 from
passing out of the receptacle through the outlet 47 at the
top thereof but allows the passage of gases around it and

out of.the receptacle for maintaining vacuum pressure in
the receptacle. Attachment of the hold down assembiy 54 to
the shell 38 firmiy holds the base 66 of the solid graphite
lining in sealing relation with the bottom plate 42 of the
shell. The hold down assembly 54 also facilitates sealing



j - - It 25 is
REPLACEMENT SHEET 14 me
extracted and the lower end of the inlet tube 72 energes fromthe nmelt and

el o . : o
no further liquid silicon is drawn into the rece ¢4ud41_36_45+gf—2%ﬁ)).
prevent the extracted silicon fromflow ng out off tREPLAGKMAENTaSHEET3
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at the joints between the tubular portion 68 and base 66 of
the solid graphite 1lining 64, and between the tubular
portion 68 and the lid'70, by pressing them tightly
together.

As shown in Figs. 3 and 4, the inlet tube 72 is
made of semiconductor grade quartz glass.

It includes an
inner wall 82 and an outer wall 84 which are fused together
at the top and bottom thereof and define a cylindrical
space 86 between them. 1In the illustrated embodiments, the
inner wall 82 has a thickness of approximately 0,1 cm
and the outer wall 84 has a thickness of approximately 0,15
cm The outside diameter of the outer wall 84 is
approximately 1,98 cm and the inside diameter of the
inner wall 82 is approximately 1,19 cm.

A vent hole, 88 is formed in the outer wall 84 to relieve
pressure in the space 86 as the inlet tube is subjected to
heat in the furnace 10. The outer wall 84 is formed with
the threads for sealing engagement in the threaded opening
. 66A of the base 66 of the solid graphite lining 64. As
described more fully below, the double walled construction
+ of the inlet tube 72 helps to prevent pieces of the tube
from breaking off and falling into the silicon melt 25 in
the crucible 24.
- A rod 90 mounted on the outside of the shell body
40 is used to gauge the depth 6f insertion of the lower end
of the inlet tube 72 in the silicon melt 25 so a pre-
determined volume of the silicon melt will be drawn off.
The rod 90 is made of the same high purity quartz glass as
the inlet tube 72, and is mounted by tabs 92 made of
molybdenum on the body 40. The tabs 92 are each secured to
the body 40 with one of the bolts (62, 44) used for



after the level of the silicon nmelt 25 in the crucible 24 drops beIOM/B?e
inlet tube 72, the vacuum surge system (i . .,.vacuunr+ese#ve+&—%aﬁk—&a
continues to pull gas into the receptacle until the pxREPAACEMENT ISHEDh
solidifies. The met hod described thus far png™TTTUSTTated j n

Figs. 2(a)-(c) may be referred to as an "underfilled QF§?kMF¥ﬁ%aCt'°n

because the volune of the receptacl e-3f0is sufficien I f hge7'5)hat Ehe

l evel of silicon never rises above the top of the in e R+
receptacle. However, an "overfilled" node is also co1tenp|ated in mhlch t he
| evel of silicon rises above the top of the inlet tube—7Z—and—prugs the

outl et 24atdmchiatg colmeruho tdt downwias's dnlta y a@mqn 58 hha Yetwdm solr
tank is cyt, of fog éFEQbEQ nQ&? ngnt of ip cept acl e, g % |cat§s general ly
at 236, for ‘usé IR rhe ov&ffilde dthe 398 ‘in Frg. tod THR

rece1ved through open1ngs in the tabs 92, with an upper,

£langed end 94 of the rod supported by the upper tab 92 so

that the rod projects below the bottom of the receptacle 36

a predetermined distance. Insertion of the lower end of

the inlet tube 72 is to be stopped when the lower end of
the rod 90 contacts the surface of the silicon melt 25 in
the crucible 24 (i.e., the rod indicatés to the operator to
stop). '

A second embodiment of the receptacle, indicated
generally at 136, is shown in Fig. 4. ©Parts of the
receptacle 136 corresponding to those in the receptacle 36
of the first embodiment are indicated by the same reference
numeral preceded by a "1". The receptacle 136 includes a
shell 138 made of stainless steel having a one-piece body
140 with an integral annular bottom wall 142, and a cap 146
having an outer annular portion 146A and a tubular portion
146B projecting upwardly from its center. A fitting 148
attaches flexible stainless steel tubing 152 to the source
of vacuum pressure. An integral, radially outwardly
projecting flange 153 at the upper end of the body 140
supports the cap 146. An inlet tube 172 has substantially
the same construction as the inlet tube 72 described above,
except its outer wall 184 has no external threads. The
inlet tube 172 is fused to a quartz annular flange member
173 and inserted into the shell body 140 on an annular
graphfoil seal 175A resting on the bottom wall 142 of the
body. A second annular graphfoil seal 175B is located
between the flange member 173 and the bottom end of a lower
tubular portion 168 of a solid graphite lining 164. It has
been found that the graphfoil seals 175A, 175B are
necessary to maintain vacuum pressure in the receptacle 136
of the second embodiment, but that such seals are _

- » unnecessary in the receptacle 36 of the first embodiment.



structure of this receptacle 236 is substantially the sanme as that of the
first enbodi nent, and corresponding parts of the re
by the sane reference numeral s as those of the recept REPLACEMENTESHEET s

enbodi nent, but with a prefix "2". A stainless stegl 1aying a
di anmeter less than the inner dianeter of the tubula he

cap 246, but greater than the di aneter 1af -t he openi D pf the
solid graphite lining 264 is |ocated in the tubular cap. The

p
f|OM/Of gas fromthe receptacle 236 keeps the plug 237 off the Iid 27D
during exihacil Olale o¥ i buditl Widdiod 'Red CPRiREIToR becotes so
h :

full that TS5 e receptacl’e Is drawn around tgﬁggerlpheral
edges of tgmglefueedtmnm?@%d%&mﬂ% Wit e 3o haXEE of the cap.

The sili cf¥ Sdughitsivddiphitle/ #4)AN GOMN@AC1owd:N portion. In
the second embodiment of the invention the
inverted, cup-shaped deflector 76 of the

first embodiment is replaced with a set of baffles,
designated 176A, 1768 and 176C, which are made of
molybdenum and supported in the receptacle 136. - The lower -
baffle 176A supported by the lower tubular graphite lining
portion 168 is generally circular with a plurality of
circular openings 177 in it which are spaced from its
center portion of the lower baffle. The annular inter-
mediate baffle 176B spaced from the lower baffle 176A by an
intermediate tubular graphite lining member 179 supports an
upper tubular graphite lining member 181. The circular top
baffle 176C is suspended by hangers 178 from a 1lid 170 of
the solid graphite lining 164 which is supported on the
upper tubular graphite lining member 181. The baffles
176A-176C create a tortuous path between the Ilower
receptacle volume and the outlet 147 of the receptacle 136
which may be easily traversed by gases, but which prevents
silicon from 1leaving the receptacle through the outlet.
The 1id 170 has an outer annular portion 170A and an
integral tubular portion 170B projecting upwardly into the
tubular portion 146B of the cap. A gauge rod 190 sub-
stantially identical to the rod of the first embodiment is
mounted by stainless steel tabs 192 onto the shell body 140.
_ In both embodiments, the stainless steel tubing
(52, 152) inside the furnace 10 is attached via a quick-
connect .vacuum coupling (not shown) in the wall of the
pulling chamber 12 to a first valve V1. Another section of
stainless steel tubing 96 extends from the first valve V1
to a second valve V2 attached to a fitting 98 of a vacuum
reservoir tank 100. A third valve V3 attached to the
fitting 98 controls communication of the tank 100 with a
vacuum pump (not shown). Together, the tank 100 and the



the stainless steel plug 237 so that the outlet 247 is soon

receptacle 236 is trapped and acts to hold the extragied

15 -

bl ocked. A volune of gas 249 at vacuum pressure in the

REPLACEMENT SHEET
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pump constitute herein a source of vacuurdpressUTET — THe —
volume of the tank 100 is approximately 100 times larger
than that of the receptacle 36 so that there is no loss of
vacuum pressure in the receptacle when the inlet tube 72
emerges from the silicon melt 25 during the extraction
process.

The method of growing multiple high-purity
silicon crystals from a single, replenished silicon melt 25
includes the steps of melting .solid polycrystalline silicon
in the crucible 24, and growing a monocrystalline ingot,
such as by the Czochralski method described above. The
ingot is pulled from the crystal growth chamber 14 to the
pulling chamber 12 and the hatch 16 is shut to isolate the
crystal growth chamber from the pulling chamber. The
pressure in the'pulling chamber 12 is raised to ambient in
the furnace room and the ingot is then removed from the
pulling chamber through a door (not shown) in the pulling
chamber wall. The impurities in the melt 25 after the
first growing process, such as iron (Fe) and carbon (C),
will have risen to such a level that the concentration of
impurities in a second crystal grown from the melt will
increase substantially notwithstanding the addition of
fresh silicon to the melt. After a second crystal is
grown, another high quality crystal cannot be grown from
the crucible 24, even though the silicon melt 25 is
recharged with fresh silicon. Replacement of the crucible
ZQL_or a purification of the silicon melt 25 in the

"crucible is required. To maximize the life of the melt 25

in the crucible 24, an extraction process is pérformed
after each crystal growing process to purify the melt.

To begin the extraction process, a receptacle,
such as the receptacle 36 of the first embodiment described
above, is suspended by stainless steel cable 104 from the
pulling wire 18. The fitting 48 is attached over the open
upper end of the cap 46 to connect the receptacle 36 with



i ' inlet tube 72 has been_
silicon Sin the receptacle. The in _
particul arly designed ~ to prevent contanlnatlorla RﬁﬂﬁCﬂﬁtﬁT%ﬁEgpr'ng
extraction of a portion of the volume of the Iiqu } it es

] [ he i ntioducti on
[t. One formof contam nation cpuld be t _ It
imrsltothe nmelt 25 fromthe dissolution of the |nIe1 tZJBENG?\QWﬂbHe silicon

liquid when the inlet tube contacts_tye liquid. This would cle L def eat
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that the pressure in the receptacle 36 is the ambient
pressure in the furnace 10. The pulling chamber 12 is
evacuated to the pressure of the crystal growth chamber
14. The hatch 16 is opened and the crystal lifting
mechanism 20 is activated to begin lowering the receptacle .
into the crystal growth chamber 14 .As the receptacle 36
is lowered into the crucible 24, the lower end of the inlet
tube 72 is immersed in the silicon melt 25 remaining in the
crucible after a crystal growth process. Downward movement
of the receptacle 36 is stopped when the gauge rod 90
contacts the surface of the melt 25. The receptacle 36 is
now in the position shown in Fig. 2(a). The vertical
distance between the bottom of the inlet tube 72  and the
bottom of the gauge rod 90 has been preset so that the
inlet tube is immersed far enough to draw off a pre-
determined amount of liquid from the melt 25 before the
bottom of the inlet tube emerges from the melt.

The pressure in the crystal growth chamber 14 is
raised to about 300 torr, and the vacuum reservoir tank 100
has previously been evacuated to a pressure of less than 3
torr. The first and second valves V1, V2 are opened so
that the receptacle 36 is in communication with the vacuum
reservoir tank 100, and a substantial pressure differential
between the interior of the receptacle and the surrounding
ambxent pressure in the crystal growth chamber 14 is
developed. Molten silicon S is forced into the receptacle
36 through the inlet tube 72 1n the manner illustrated in
Fig. Z(b) Inside the insulated interior of the receptacle
36, the temperature is well below the freezing point for
silicon, so that molten silicon entering the receptacle
quickly solidifies. The graphite felt lining 74 allows the
silicon to expand as it freezes without damage to the solid
graphite lining 64. Eventually, a sufficient volume of the



would have to be discarded. However, the quartz glass from which the
inlet tube 72 is nade of the sane as that used to make the crucible 24,
which is of the sanme purity as the silicon from wa are
grown. Although a small amount of the quartz gla SREﬁ}@EﬁngWﬁﬁEﬂUflng t he
extraction process, the level of inpurities inth ent |y
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freezes aﬁT%S&ﬁﬁm%F°Wh&h§|@FbFsaB§tanz|§urthsk dhquld silicon is
drawn into the receptacle 36 (Fig. 2(c)). To prevent the
extracted si}icon from flowing out of the receptacle 36
after the level of the silicon melt 25 in the crucible 24
drops below the inlet tube 72, the vacuum surge system
(i.e., vacuum reservoir tank 100) continues to pull gas
into the receptacle until the extracted silicon solidifies.
The method described thus far and illustrated in
Figs. 2(a)-(c) may be referred to as an "underfilled~ mode
of extraction because the vofume of the receptacle 36 is
sufficiently large that the level of silicon never rises
above the top of the inlet tube 72 in the receptacle.
However, an "overfilled"” mode is also contemplated in which
the level of silicon rises above the top of the inlet tube
72 and plugs the outlet 247 so that communication with the
vacuum in the vacuum reservoir tank is cut off. A third
embodiment of the receptacle, indicated generally at 236,
for use in the overfilled mode is shown in Fig. 6. The
structure of this receptacle 236 is substantially the same
as that of the first embodiment, and corresponding parts of
the receptacle are indicated by the same reference numerals
as those of the receptacle of the first embodiment, but
with a prefix "2". A stainless steel plug " having a
- diameter less than the inner diameter of .the tubular
portion 246B of the cap 246, but greater than the diameter
oﬁ_}he opening in the 1lid 270 of the solid graphite lining
264 is located in the tubular portion of the cap. The flow
of gas from the receptacle 236 keeps the plug 237 off the
lid 270 dur1ng extraction of the silicon. Eventually, the
receptacle 236 becomes so full that the silicon S in the
receptacle is drawn around the peripheral edges of the
deflector 276 and up into the tubular portion 246B of the
cap. The silicon S freezes immediately upon contact with
the stainless steel plug 237 so that the outlet 247 is soon
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blocked. A volume of g9as 249 at vacuum pressure in the
receptacle 236 is trapped and acts to hold the extracted
silicon S in the receptacle.

The inlet tube 72 has been particularly designed
to prevent cdntamination of the melt 25 during extraction
of a portion of the volume of the liquid silicon in the
melt. One form of contamination could be the introduction .
of impurities into the melt 25 from the dissolution of the
inlet tube 72 by the silicon liquid when the inlet tube
contacts the liqﬁid. This would clearly defeat the purpose
of purifying the silicon melt 25. Another form of
contamination could be solid, slowly melting or stable
debris falling off the inlet tube 72. Solids in the melt
25 can cause dislocations in the crystal if they contact
the growing crystal at the outside edge of the solid/liquid
interface. a crystal ingot grown with such dislocations
would be unfit for use in any semiconductor application and
would have to be discarded. However, the quartz glass from
which the inlet tube 72 is made of the same as that used to
make the crucible 24, which is of the same purity as the
silicon from which the crystals are grown. Although a
small amount of the quartz glass is dissolved during the
extraction process, the level of impurities in the glass is
sufficiently low as not to contaminate the melt 25.

Quartz glass is very brittle at its temperature
in the crystal growth chamber 14 just below the melting
pqint of silicon, so that the problem of preventing pieces
of the inlet tube 72 from breaking off and falling into the
melt 25 remains. If the overfilled mode of extraction is
used (Fig. 6), the inlet tube. 272 will be filled with
silicon after extraction is completed. As the silicon
freezes and expands, there i; a substantial risk of
radially outward fracture and spalling of the inner wall
282 of the inlet tube 272. Even if the underfilled mode of
extraction is used (Figs. 2(a)-2(c)), some liquid silicon



remains on the inner wall 82 of the inlet tube 72 because of surface

tension of the liquid. The freezing and expansyome of
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expansion of these drops of liquid silicon present the
possibility of fracture and spalling of the inner wall 82.
However, in both modes the outer wall 84, 284 of the inlet
tube contains any fractured portions of the inner wall 82
So .that pieces of the inner wall do not fall into the melt -
25. In the underfilled mode, the freezing silicon inside
the receptacle 36 can compress the outer wall 84 of the
inlet tube and cause fracture of the outer wall. Here, the
inner wall 82 prevents pieces of the outer wall 84 from
falling down the inlet tube 72 and into the melt 25.

When extraction is completed, the crystal lifting
mechanism 20 is activated to lift the receptacle 36 out of

~7 the crucible 24 and the crystal growth chamber 14. Once in

the pulling chamber 12, the hatch 16 is closed to isolate
the crystal growth chamber 14 from the pulling chamber.
Pressure in the pulling chamber 12 is brought to ambient
pressure in the furnace room, and the receptacle 36 is
disconnected from the tubing 52 and the pulling wire 18.
The receptacle 36 is removed from the pulling chamber 12
and the seed holder carrying a new seed crystal is attached
to the pulling wire 18. If the batch recharge Czochralski
method is being used, fresh silicon would be added to the
melt 25 as this juncture. 1In any event, praoper temperature
and pressure conditions in the crystal growth chamber 14
are reestablished, and another high-purity crystal is grown.

After removing the receptacle 36 from the pulling
chamber 12, the hold down assembly 54 and cap 46 are
removed. The extracted silicon, the graphite felt lining
74 and the inlet tube 72 are removed from the shell 38 and
discarded. The shell 38, and frequently the solid graphite
lining 64, may be reused with a new graphite felt lining
and inlet tube for the next extractipn process.
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cap 46 arq&dﬂ@&egilgégne§ﬁr%ﬁge%eigIégnkemainfhg after each crystal
is grown is removed, at least six crystals may be grown
without replaéing the crucible 24 with a3 new crucible
containing completely fresh silicon. The concentration of
the impurity carbon (C) in the nth crystal grown when the
method of the invention is not used, as compared to the
concentration when the claimed method is used is
graphically illustrated in Figs. 7(a) and 7(b). The same
comparison for the impurity iron (Fe) is shown in Figs.
8(a) and 8(b). More specifically, the graphs plot the
concentration of the impurity in the crystal (normalized by
the initial concentration of the impurity in the
polycrystalline silicon Source material) against the
fraction of the melt solidified. as may be seen, using the
extraction process, the concentration of impurities in the
sixth crystal grown does not differ dramatically from the
concentration of impurities in the second crystal grown .
when no extraction occurs.

A related comparison for the impurity Fe is shown
in Figs. 9(a) and 9(b). These graphs plot the calculated
lifetime of the minority carrier (i.e., the time which the
Silicon crystal can hold an electric charge) against the

«. £fraction of silicon in the melt which has heen solidified
in the crystal. The lifetime of the crystal is a key
characteristic in the usefulness of the crystal in the
semiconductor applications for whigp it is intended. The
lifetime of_a particular crystal correlates to the amount
of impurities (in this case, Fe) it contains. To
generalize the calculations, the lifetime, Tau, has been
nogmaliied by the ljifetime of the seed end of the first ;
crystal grown from a2 melt. The lifetime of crystals grown ;
using the herein described method falls off

much more slowly (particularly after the growth of the



74 and the inlet tube 72 are renoved fromthe shell 38 and discarded. The
.shell 38, and frequently the solid graphite lining 64, nmay be reused with a
new graphite felt lining and inlet tube for the next extraction process.
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second crystal) than the lifetime for crystals grown from a
single, replenished melt &ccording to the prior art.

In view of the above, the superiority of the
method of the invention compared to the prior art is
shown.
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A method for growing multiple high-purity single crystals
from a replenished melt (25) by maintaining the purity of
molten source material in the melt held in a crucible (24) in
a furnace (10) of the type used for growing high-purity
single crystals, characterized in that it comprises the steps
of: '
(a) growing at least one crystal from the source material
in the crucible (24);
(b) extracting a portion of a volume of the melt (25)
remaining in the crucible (24);
(¢) adding high-purity source material to the melt (25);
and

(d) growing at least one more single crystal.

A method according to claim 1, characterized in that high-
purity source material is continuously added to the melt (25)
throughout said crystal growing step and throughout said
extraction of a portion of a volume of the melt (25)
remaining in the crucible (24) and .

A method according to claim 1 or 2, characterized in that
said step of extracting a portion of a volume of the melt
(25) comprises the steps of inserting a receptacle (36) into
the furnace (10), lowering the receptacle down into contact

with the melt (25), and admitting source material into the
receptacle. ‘

A method according to one of claims 1 to 3, characterized in

that approximately 50 % of the volume of the melt (25) is
extracted.

A method according to claim 3, characterized in that said

step of.admitting source material into the receptacle (36) is

achieved by applying a vacuum pressure to the receptacle.
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A method according to claim 5, characterized in that vacuum
pressure is applied to the receptacle (36) until source

material solidifying in the receptacle blocks communication

.of the receptacle with the vacuum source.

A method according to claim 3, characterized in that the
receptacle (36) is lowered down into the melt (25) to a
predetermined depth into the melt.

in
me of

A method according to one of claims 1 to 7, characterized in

that at least one crystal is grown by the Czochralski method,
in that a crystal is pulled upwardly out of the melt (25) on

a pulling wire (18), and wherein said extraction of a portion

of a volume of the melt (25) comprises the steps of hanging
receptacle (36) in the furnace (10) on the pulling wire,

a

lowering the receptacle down into contact with the melt, and

admitting source material into the receptacle.

A device for use in growing multiple high-purity single
crystals from a replenished melt (25) of source material
contained in a crucible (24) in a furnace (10) of the type
used for growing high-purity single crystals by maintaining

the purity of the source material in the melt, comprising:

(a) a receptacle (36) enclosing a volume adapted to receive

molten source material therein;

(b) means (64) for thermally insulating the volume in the
receptacle; and )

(c) inlet means (72) associated with the receptacle (36) fo
conducting molten source material into the receptacle,
Baid inlet means being formed of a material which will
not contaminate the source material melt when a portion

of said inlet means dissolves in the melt.
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of inpurities (in this case, Fe) it contains. To generalize the
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A device according to claim 9, characterized in that said
inlet means (72) comprises a tubular member having open ends
and including an inner generally cylindrical wall (82) and an
outer generally cylindrical wall (84) joined to the inner
wall, the inner and outer walls defining a space between
them.

A device according to claim 9 or 10, characterized in that it
comprises in addition to said inlet means (72) an opening in
the receptacle (36) as well as means (66, 66A) for sealably
connecting the tubular member and the opening.

A device according to one of claims 9 to 11, characterized in
that said inlet means (72) comprises a tubular member being
formed from semiconductor grade quartz glass.

A device according to claim 12, characterized by gauge means

for indicating a predetermined depth of insertion.

A device according to claim 13, characterized in that said
gauge means comprises rod means (90) mounted on the re-
ceptacle (36) and extending below the receptacle to a
distance less than the end of the tubular member (72).

A device according to claim 9, characterized by additional
means for drawing molten source material intoc the receptacle
(36).

A device according to claim 15, characterized in that said
additional means for drawing melt (25) into the receptacle
(36) comprises a vacuum source and means (52, 96) connecting

the receptacle to the vacuum source.

A device according to claim 16, characterized in that said

vacuum source comprises means for maintaining vacuum pressure

i}
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in the receptacle (36).

A device according to claim 17, characterized by a tank (100)
in communication with the receptacle (36), said tank (100)
having a volume approximately one hundred times the volume
enclosed by the receptacle (36).

A device according to claim 16, charactérized in that the
receptacle (36) has an outlet and said connecting means (52,
96) comprises flexible conduit means connected to the re-

ceptacle (36) and connected to the cource of vacuum pressure.

A device according to claim 19, characterized in that said
flexible conduit means comprises a length of stainless steel
tubing.

A device according to claim 9, characterized in that the
receptacle (36) comprises a shell (40), and said thermal
insulation means (64) comprises liner means (74) received in
the shell, said liner means including a layer of compressible
lining adapted to be compressed upon expansion of the free-
zing source material in the receptacle (36) for protecting
said liner means from damage.
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METHOD FOR GROWING MULTIPLE SINGLE
CRYISTALS AND APPARATUS FOR USE THEREIN

Abstract of the Disclosure
A method for growing multiple high-purity single
- crystals from a replenished melt by maintaining the purity
of molten source material in the melt held in a crucible in
a furnace of the type used for growing high-purity single
crystals. The method includes the steps of growing at
least one crystal from the source material in the crucible,
extracting a portion of a volumg of the melt remaining in
the crucible, adding high-purity source material to the
melt, and growing at least one more single crystal.
Extractor apparatus used in the method includes an
insulated receptacle having an inlet tube for conducting
molten source material into the receptacle. A vacuum
attached to the receptacle is used to draw the source
material into the receptacle.i

FIGURE 1 .
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1. A method for growing mulnplc hxgh-punty single
crystals from a replenished melt by maintaining the
purity of molten source material in the melt held in a
crucible in a furnace of the type used for growing high-
purity single crystals, the method comprising the steps
of:

growing at least one crystal from the source material

in the crucible;
extracting a substantial liquid portion of the volume
of the melt remaining in the crucible independently
of growing another crystal from the melt whereby
impurities in the melt tending to remain in liquid
during said step of growing at least one crystal are
removed with the extracted liquid portion;

replenishing the melt with high-purity source mate-
rial; and

growing at least one more single crystal.

2. A method according to claim 1 wherein said step of
adding high-purity source material to the melt com-
prises the step of continuously adding high-purity
source material to the melt throughout said crystal
growing and source material extracting steps.

3. A method according to claim 1 wherein said step of
extracting a volume of the melt comprises the steps of
inserting a receptacle into the furnace, lowering the
receptacle down into contact with the meit, and admit-
ting source material into the receptacle.

. 4. A method according to claim 3 wherein at least
- approximately 50% of the volume of the melt is ex-
* tracted.

S. A method according to claim 3 wherein said step of
admitting source material into the receptacle comprises -
the step of applying a vacuum pressure from a vacuum
source to the receptacle thereby drawing liquid source
material into the receptacle.

6. A method according to claim 5 wherein vacuum
pressure is apphed to the receptacle until source mate-
rial solidifying in the receptacle blocks communication
of the receptacle with the vacuum source.

7. A method according to claim 3 wherein the step of
lowering the receptacle down into contact with the
melt comprises the step of lowering thé receptacle
down into the melt a depth corresponding to the vol-
ume of the melt to be extracted.

e
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wherein a crystal is pulled upwardly out of the melt on
a pulling wire, and wherein the step of extracting a
volume of the melt comprises the steps of hanging a
receptacle in the furnace on the wire used for pulling
the crystal, lowering the receptacle down into contact
with the melt, and admitting source material into the
receptacle.

9. Extractor apparatus for use in growing multiple

high-purity single crystals from a replenished melt of -

source material contained in a crucibie in a furnace used
for growing high-purity single crystals by maintaining
the purity of the source material in the melt, the extrac-
tor apparatus comprising:

- a receptacle enclosing a volume adapted to receive.

molten source material therein; '

means for thermally insvlating -the volmne- in the.

receptacle; :
inlet means associated with the receptacle for con-
ducting molten source material into the receptacle,

said inlet means being formed of a material which -

will not contaminate the source material melt when

a portion of said. inlet means dissolves in the melt;
and =~

means for drawing molten source material into the
receptacie.

10. Extractor apparatus as set forth in claim9 wherein

- said inlet means comprises a tubnlar member having

" open ends and including an inner generally cylindrical
. wall and an outer generally cylindrical wall jomed to
" - -the inmer wall, the inner and outer walls defining a space

 between them. '

11. Extractor apparatus as set forth in claim10 wherein
said inlet means further comprises an opening in the
receptacle, and means for sealably connecting the tubu-
lar member in the opening.

12. Extractor apparatus as set forth in claim 9wherein

said inlet means comprises a tubular member depending
from the receptacle, the tubular member being formed
from semiconductor grade quartz glass such that disso-

lution of a portion of the tubular member in the melt.

does not increase the concentration of impurities in the
melt to a level of contamination.

R
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1 receptacle thereby drawing |iquid source trerTat—TTto T fecept acl e. 6.
A method according to claims5 wherein vacgum p§@s$fPeigos applied to the
receptacle until source mate- rial solidiflyijng in the recg¢ptiacl e bl ocks
comuni cation of the receptacle with the acUuum sSour ce. 74 A nethod
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extract ed. comprising gauge means for indicating a depth to which
the tubular member is inserted into the melt.

14. Extractor apparatus as set forth in claiml3 wherein
said gauge means comprises rod means mounted on the
receptacie and extending below the receptacle a dis-
tance less than the tubular member, the receptacle being
adapted to be lowered toward the melt with a portion of
the tubular member being immersed in the melt until the
lower end of said rod means contacts the melt.

15. Extractor apparatus as set forth in claim 9 wherein
said means for drawing melt into the receptacle com-
prises a vacuum source and means connecting the re-
ceptacle to the vacuum source.

16. Extractor apparatus as set forth in claim15 wherein
said vacuum source comprises surge protection means
for maintaining vacuum pressure in the receptacle.

17. Extractor apparatus as set forth in claim16 wherein
said surge protection means comprises a tank in commu-
nication with the receptacle, said tank having a volume
approximately one huadred times the volume enclosed

- by the receptacle.

18. . Extractor apparatus as set forth in claiml5 wherein
the receptacle has an outlet and wherein said connect-
ing means comprises flexible conduit means connected

- to the receptacle at the outlet and connected to the
~ source of vacuum pressure.

19. Extractor apparatus as set ﬁnih nlcﬂannls
wherein said flexible conduit means comprises a length
of stainless steel tubing.

2. . Extractor apparatus as set forth in claim 9 wherein
the receptacle comprises a shell, and wherein said ther-
‘mal insulation means comprises liner means received in

- the shell, said liner means including a layer of compress-

. ible lining adapted to be compressed upon expansion of
the freezing source material in the receptacle for pro-
tecting said liner means from damage.

21. Extractor apparatus for use in growing multiple
high-purity single crystals from a replenished melt of
source material contained in a crucible in a furnace used
for growing high-purity single crystals by maintaining
the purity of the source material in the melt, the extrac-
tor apparatus comprising:

A



20 8. Anethod according to claim1 wherein the step of grRERLAGEMENT SAEET

*one crystal conprises the step of grow ing at |east one crystal by the
Czochral ski nmethod wherein a crystal is pulled upwardly out of the nelt on
a pulling wire, and wherein the step of extracting a volune of the nelt
conprises the steps of hanging a receptacle in the furnace on the wire used
for pulling the crystal, lowering the receptacle down into contact wth the
melt, and adnmitting source naterial. bpto the

a receptacle enclosing a volume adapted to receive
molten source material therein, the receptacle
being sized and shaped for reception within the
furnace; -

means for thermally insulating the volume in the

 receptacle; |
inlet means associated with the receptacle for con-
ducting molten source material into the rzceptacle,
said iniet means being formed of a material which
will not contaminate the source material melt when
- a portion of said inlet means dissolves in the melt.

I



- : : : ET
receptacle. 9. Extractor apparatus for use in grow ng nultlpleﬂﬁ?kﬁngﬁNn§ﬁE
single crystals froma repl enished nelt of source material contained in a
crucible in a furnace used for growing high-purity single crystals by

mai ntaining the purity of the source material in the nelt, the extrac- tor

apparatus conprising: a receptacle enclosing a volune adapted to receive
~nmolten source material therein; means for lhcinuir{ rsut-ating the vol une
in the receptacle; inlet neans! associ af RERUACEMENE PHEptlacl e for

)

con- ducting nolten source material intojt ; said inlet
means being formed of a material which witl I npty GER{9IBnate the source
material nelt when
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: L. : : REPLAGEMENTSHEET
a portion of said inlet neans dissolves in the nelt; and means for
drawi ng nolten source nmaterial into the receptacle. 10. Extractor
apparatus as set forth in claim9 wherein said inlet neans conprises a
t ubul ar nenber having open ends and including an inner generally
cylindrical wall and an outer generally cylindrical wall joined to the
‘inner wall, the inner and outer walls defining a spacg—-—betweer—therm———-_~L1.
Extractor apparatus as set forth in el aim10 wherein | REPHACEMENT rBHEES
further conprises an opening in the receptacle, and prea# |y
connecting the tubu- lar nmenber in the opening. 12. tragt rigt s
as set forth in claim9 wherein Py SEPAR

777/

,,'II
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. REPLAGCEMENT SHEET
said i nI et nmeans conprises a tubul ar nmenber dependi ng fromthe receptacle,
the tubular nmenber being fornmed from sem conductor grade quartz gl ass such
~that disso- lution of a portion of the tubular nenber in the nelt does
not increase the concentration of |rrpur|t|es inthe nmelt to a level of
cont ami nat i on. _ '

_21_
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13. Extractor apparatus as set forth in claim12 further

COmEPLACHJENRGHEET

. means for indicating a depth to which the tubular nenber is inserted into
the nelt. 14. Extractor apparatus as set forth in claim 13 wherein
gauge neans conprises rod neans nounted on the receptacle and extending

bel ow the receptacle a dis- tance |less than the tubular nenber,

t he

sai d

receptacle being adapted to be |lowered toward the nelt with a portion of

t he tubul ar nenber being i mersed +ndthe nelt until the |ower end of said

rod means contacts the nelt. 15. Extractor apparatus as set forth in claim
gptacle com prises a

9 wherein said neans for drawing nelt into the r
vacuum source and neans connecting the re- cepta
16. Extractor apparatus as set forth in claim 15

FIE 4 |

88 CE VNG

14 SEP 1308
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sald vacuum source conprises surge protection neans for i el ACPAENRSHEET
pressure in the receptacle. 17. Extractor apparatus as set forth in clalm
16 wherein said surge protection neans conprises a tank in comu-

nication with the receptacle, said tank having a volune approximately one

hundred tinmes the vol une enclosed by the receptacle o'
apparatus as set forth in claim15 wherein the re qqp@gﬁﬁmﬁﬁs ut | et
and wherein said connect- ing nean% conprises fl ekible il g
connected to the receptacle at theYoutlet and con qtgngQBQSnu ce of
vacuum pressure. 19. Extractor apparatus as set f ' [ erein
said flexible conduit nmeans conprises a length of I ng.
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20.. Ext ract or appératus as set forth in claim9 wherein th
» conprises a shell, and wherein said ther- mal insulation neaﬁ?ﬁggﬁg&?@ngEgr

| i ner means received in - the shell, said liner nmeans including a |ayer of
conpress- ible lining adapted to be conpressed upon expansion of the
freezing source material in the receptacle for pro- tecting said |iner
means from danmage. 21. Extractor apparatus for use‘in growing multiple

hi gh-purity single crystals froma rgplenished-nelt SOUTTE-THCETTdf
contained in a crucible in a furnace®uSed for grow n§ ﬁfﬁ%ﬂ%ﬂ‘\ﬁ“fﬁ*‘éﬁﬁg e
crystals by maintaining the purity of the source materifatr— Tt The Weryj, {the
extrac- tor apparatus conprising: {4 SEF1993 |
{
3
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- 22 - areceptacle enclosing a volunme adapted to receive nol "
. material therein, the receptacle . being sized and shaped for r@é??@ﬁﬁ?SHEET

wi-t hin the furnace; nmeans for thermally insulating the volune in the
receptacle; inlet neans associated with the receptacle for con-
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ducting nolten source material into the receptacle, said inlet neans
not contaminate the REMABEMENESHEET

‘being formed of a material which w | |
melt when a portion of said inlet nmeans dissolves in the nelt.
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