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PROCESS AND APPARATUS FOR CONTROLLI NG THE OXYGEN CONTENT I N %&@%&@FEF@
HEAVI LY DOPED W TH ANTI MONY OR ARSENI C Background of the Inven
This invention relates to a process and apparatus for regulat|é68$he
concentration and distribution of oxygen in single crystal silicon rods,
optionally doped with antimony or arsenig, prepared according to the
Czochral ski met hod ‘and, in particular,. to such a process 10 and apparatus’
i n which the gas pr ess grpcass h_ﬁmtmimmm @®ON doNrrRoinING adj usted to a
value_rn'excess of 100 +pkrofYEERICONCENTYSNAETUICONhWAFERESS. Oxygen in
the silicon crystal megefeyEYbDODED aWOTRDANTZMONYNORVARSENECES fects. In
various heat 15 treatment processées conducted during the manufacture of
el ectrical devices, the oxygen in the crystal may cause defects such as
_preC|p|fates ﬁﬁﬁ<mnnunﬂldntms dinegitaigdn ng faults. Alternatively, it may
cause electrically r rior
performanctes char acterl ﬁ(’:rg&éﬁgh ﬁ%%%%é‘e%c#rh g%‘?\giésnv%“&u&' g%s]féé §.
however , |ncre438%1neﬁulﬁk#ngnthﬂ concentratlon and distribution of’

oxygen in single crystal silicon rods, optionally doped

 with antimony or arsenic, prepared according to the
' Czochralski method and, in particular, to such a process
10 and apparatus in which the gas pressure. of the atmosphere
over the melt is adjusted to a value in excess of 100
torr during the crystal growth process.
Oxygen in the silicon crystal may have both
favorable and unfavorable effects. 1In various heat
15 treatment processes conducted during the manufacture of
electrical devices, the oxygen in the crystal may cause
defects such as precipitates, dislocation loops and
stacking faults. Alternatively, it may cause
electrically active defects resulting in devices with
20 inferior performance characteristics. The presence of '
oxygen in the drystal,ﬁhowever, increases the mechanical
strength of silicon wafers and the crystal defects may
imptove the yield of conforming products by entrapping
contaminants of heavy metals. Accordingly, the oxygen
25 content of the silicon crystél is an important factor for
product quality which must be carefully controlled in
accordance with the requireﬁents of the ultimate
application for the silicon wafers.
In the conventidnal Czochralski method, the silicon
30 melt is contained in a quartz crucible. During the
process, some of the quartz dissolves into the melt as
oxygen and silicon or some oxygen-silicon complex. A
portion of the dissolved oxygen or oxygen-silicon complex
migrates to the free melt surface and evaporates as
35 gilicon monoxide. Another portion of the dissolved



strength of silicon wafers and the crystal defects may inprove the yield of-

conform ng products by entrappi ng contam nants of heavy netals.

Accordingly, the oxygen 25 content of the silicon crystal is an inportant

factor for product quality which nust be carefully controlled in accordance

with the requirenments of the ultinate application for the silicon wafers.

~I'n the conventional Czochral ski method, ghe silicon 30 melt is contained
in a quartz crucible. During the_process, ione of the quartz dissolves

into the nelt @¥YERPgER SHYIEM-FLIACOR SORBIEXy J&TSSMCOTR OGS A R
RN 8 ot e N g T R
of the dissolv@ﬁygenZSeisggﬁ “@géééﬁgsF%%@é%% oﬁ%?gékbgthéﬁg%gggFg éélon
into the growing crast zhe Erystaingmoerthoprocess:ppat ioues;y ghe feecon
Cpnplex 'Ssretﬁgﬂgdshgfggg'%E%%?Qeﬁkh%%o%onstant while the melt level
- in the crucible decreases. As the melt level'decreases,
less of the surface area of the crucible is exposed to
the melt and, therefore, less oxygen is incorporéted into
the melt. The net effect is that the bulk oxygen content
10 of the melt decreases, which reéults in the production of
silicon rods having_axially decreasing oxygen contents.
The addition of antimony or arsenic as dopants
causes the decrease in oxygen content to become more
severe, an occurrence known as oxygen reduction. Oxygen
15. reduction is the result of an increase in the vapor
pressure of the silicon monoxide gas at the free melt
surface which is caused by the presence of antimony or
arsenic in the melt. This increase in vapor pressure
causes the rate of evaporation of silicon monoxide to
20 increase, resulting-in an even lower bulk oxygen content
in the melt. | .
Processes have been proposed for controlling the
oxygen content in single crystal silicon and antimony
doped silicon rods. For example, Seki disclosed in U.S.
25 Pat. No. 5;423,283 a process for controlling the . oxygen
content in antimony doped single crystal silicon rods in
which (i) the rotation-raté of the crucible is gradually
increased as crystal growth proceeds or (ii) a pulse-like
change in the rotation rate of the quartz crucible is
30 superimposed over a continuous increase in the crucible
- rotation rate. 1In either case, however, the atmosphere
" in the chamber is kept within the range of 7 to 38 torr.
Oda et al. disclosed in U.S. Pat. No. 5,131,974 a
process for controlling the oxygen content of a single
35 crystal silicon rod, prepared by the Czochralski method,
whereby the pressure in the chamber and the supply rate



f s

As the crystal growh process continues, the free 5 melt surface area
remai ns constant while the nelt level in the crucible decreases. As the
melt | evel decreases, |less of the surface area of the crucible i s exposed
.to the nelt and, therefore, | ess oxygen is incorporated into the nelt. The
net effect is that t he bul k oxygen content 10 of the melt decreases,
which results in the production of silicén rods havi ng axi ally decreaS|ng
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Processes ave een_proposed for controlling t e oxyg n con in single
crystal silicohbh&nghamberony doped silicon rods. For exanple, Seki

disclosed in U S. Izunome et al., in the article "Control of Oxygen in
' Heavily Sb-Doped CZ Crystal by Adjusting Ambient

Pressure," Mat. Res. Soc. Symp. Proc., Vol. 378 (1995),

10 pp. 53-58, also disclosed that the evaporation of silicon
monoxide from antimony doped silicon melts could be
suppressed by increasing the pressure of the atmosphere
over the melt. Antimony doped silicon rods pulled under
a constant'pressure of 100 torr were found to have a

15 higher oxygen content than those pulled under a constant
pressure of 30 torr.

The processes disclosed by Oda and Izunome, however,
fail to address the problems caused by vapors which are
trapped in the chamber as the pressure exceeds about 50

20 torr and which increase in Severity as pressure -
increases. As the pressure over the melt increaées, the
unstable silicon monoxide vapors readily react to form
silicon dioxide and silicon particulate. 'If this
particulate comes into contact with the surface of the

25 silicon rod or melt, a dislocation in the crystal, or a
crystal defect, is formed. 1In addition, if not removed
from the chamber, the trapped'vapors and particulate will
deposit on the surface of the view port window of the
crystal puller. This deposit interferes with the crystal

30 pulling process by obstructing the cperator's'view_of the
chamber and the silicon rod, as the'process'proceeds.

Summary of the Invention _
Among the objects of the present invention,

therefore,_may be noted the provision of a process of
35 controlling the oxygen content in a single crystal



25 Pat. No. 5,423,283 a process for controlling the oxygen content in
ant i nony doped single crystal silicon rods in which (i) the rotation rate
of. the crucible is gradually increased as crystal growth proceeds or (ii) a -
pul se-1i ke change in the rotation rate of the quartz crucible is 30 :
superi nposed over a continuous increase in the crucible rotation rate. In
ei ther case, however, the atnosphere in thhe chamber is kept within the
range of 7 to 38 4orr. Oda.et al. disclosed.in US Pat. No. 5 131,974 a
process for corfir ‘F?’hgr?‘ﬂeh%xf(’gfb%r{“% BftC P PRYPER 38°nteR st Lt st i con
rod, prepared Bbdkie I¥oohradboki IRtPEMA (peartebypéhanplbionratomitheASTM
chanber and th rat of .| S controlled
with respect tgs e ﬁl]}e{%gﬁh%%-%%e' cl?l{‘/is\féeé %? "’%‘%%%%%‘%%Z‘Ug&t%% This
process provi de2zochralski methed rfrem & sikicomtmebt of the| provisbooxofie by
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the pressure in ) ) ) ) .
optionally doped with antimony or arsenic, the provision

of such a process in which elevated pressures are
employed to influence'bxygen_content, the provision of
such a process in which vapors and particﬁlate are
10 removed during the production of a single crystal silicon
rod, and the provision of such a process in which process
equipment is protected from deposit of vapors and
particulate during the process. _
Further among the several objects and features of
15 the present invention may be noted the provision of a
crystal puller in which vapors and particulate are purged
from the crystal puller; the provision of such a crystal
puller in which high velocity curtains of purge gas
aspirate the vapors and particulate into exhaust ports of
20 the crystal puller; the provisions of such a crystal
puller which substantially confines vapbfs and
particulate to a region adjacent to the melt; the
provision of such a cryétal puller which inhibits deposit
of material onto a view port window. '
25 Briefly, therefore, the present invention is .
directed to a process for controlling the oxygen content
in a single crystal silicon rod that is pulled in |
accordance with the Czochralski method from a silicon
melt which optionally may contain antimony or arsenic as
30 a dopant. The crystal growing process may be carried out
‘as a batch process in which there is a single charge of :
polysilicon to the crucible and the silicon melt level
decreases as the length of the solidified single crystal
increases or as a continuous process in which polysilicon
35 is continuously charged to the crucible to maintain a
relatively constant silicon melt level as the length of



t he chanber. |zunone et al., in the article "Control of Oxygen in Heavily

Sb- Doped CZ Crystal by Adjusting Anbient Pressure,” Mat. Res.

Soc. Synp.

Proc., Vol. 378 (1995), 10 pp. 53-58, al so di'sclosed that the evaporation
of silicon nonoxide from antinony doped silicon nelts could be suppressed

by ‘increasing the pressure of .the atnDspgere over the nelt.
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either of the embodiments, gas pressures in excess of 100

torr are achieved during the crystal growing process.

The present invention is further directed to a

10 process for removing vapors and particulate generated

during the productioh of a single crystal silicon rod

which is pulled in accordance with the Czochralski

method. The'process comprises purging the atmosphere

within the. crystal puller with curtains of purge gas

15 which act to aspirate vapors and particulate radially

outwardly away from the melt and silicon rod.

In a

preferred embodiment, a cap is used to isolate a portion

of the atmosphere above the crucible.

The present invention is further directed to an

20 apparatus for removing'vapors-and particulate generated '

during the production of a single crystal silicon rod.

The apparatus includes a shell which contains the crystal

growth chamber and the pull chahber, a purge system which

acts to aspirate vapors and particulate radially

25 outwardly from the surface of the silicon rod and from

above the center of the_crucible,'and exhaust ports to

allow the removal of vapors'and particulate entrained in

the purge gas stream. In a preferred embodiment,.a cap

is used to isolate a portion of the atmosphere above the

30 crucible.

The present invention is still further directed to

an apparatus for preventing the deposit of condensate and

particulate on the view port window of the crystal

puller. This apparatus employs a plurality of thin

35 Dbaffles and a flow of inert gas, such that vapors in thé

crystal growth chamber stagnate and deposit on the
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fromthe chanber, the trapped vapors and particulate will deposit on the
surface of the view port w ndow of the crystal puller. This deposit
interferes with the crystal 30 pul I i.ng process by obstructing the
operator's view of the chanber and the silicon rod, -as the process
proceeds. Summary of the Invention Anrong the objects of the present
invention, therefore, may be noted the prfovision of a process of 35

controlling the oxygen content. in a single crystal .4 sili¢con rod having
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Brief Description of the Drawings

FIG. 1 is a schematic, sectional view of a crystal
puller having a Czochralski crystal growth chamber in
accordance with the embodiment of the present invention;

10 FIG. 2 is an enlarged, fragmentary sectional view of
the crystal puller_of FIG. 1;

FIG. 3 is a bottom plan view of a cap used in the
crystal growth chamber; |

FIG. 4 is a fragmentary, sectional view of a crystal

15 puller showing an alternate embodiment of a purge system;

FIG. 5 is an enlarged, fragmentary view of a view
port'of the crystal puller showing baffling of the
present invention; '

FIG. 6 is a bottom perspectivé'view of the view port

20 baffling with parts broken away to show internal
construction; '
“FIG. 7 is a top plan view of the view port with
parts broken away to show internal construction; and

FIG. 8 is a chart illustrating the axial oxygen

25 contents of three silicon rods produced using the present
' invention, as well as the fange.of axial oxygen contents
obtained using conventional pressure conditions. '

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

30 drawings. .

Detailed Description'bf the Preferred Embodiments
Referring now to FIG. 1, a Czochralski crystal

puller constructed in accordance with the principles of
the present invention is indicated generally at 1. The
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such a process in which vapors and particulate are 10 renoved during the
production of a single crystal silicon rod, and the provision of such a
pr-ocess in which process equipnent is protected from deposit of vapors and
particul ate during the process. Further anong the several objects and
features of 15 -the present invention nay be noted the provision of a
crystal puller in which vapors and particllate are purged fromthe crystal
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the nelt; the OVISI such a crysta eposi
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invention ig d'Eﬁétéﬂahﬁeéspr0§e§§e&0Fofen§rQh|tﬂg bhél&xﬁﬁ%&lﬁ%“te“t ina
single crystal sjilicon rod that is I n accordance with t
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_antlnDny or arseni c Within the crystal growth chamber 5 is a crucible 11

surrounded by a tubular graphite heating panel 13, which
~ is mounted on electrodes 15 that connect the panel to an
10 electrical power source (not shown). The crucible 11 is
mounted on a turntable 17 having a shaft 19 connected to
a crucible drive unit (not shown) for rotating the
crucible about a central axis A, and raising and lowering
the crucible as necessary. The crucible 11 has an open
15 top and contains a quantity of molten silicon. A single
~ crystal silicon rod 21 is pulled from a melt 23, starting
- with a seed crystal (not shown) held in a chuck 25
attached to a pull cable 27 connected to a support
structure 29. The pull cable 27 is rotated and raised
20 and lowered as necessary by operation of the support
structure 29. ' - |
A cap 31, having the shape of an inverted cup, is. -
supported by an internal wall 33 and functions to
somewhat isolate the portion of the atmosphere within the
25 crystal growth chamber 5 directly abowve the crucible 11
from the remainder of the atmosphere. The cap 31 is made
of high-purity quartz or other suitable material which
will not contaminate the melt 23 in the crucible 11 and
is heated to prevent the condensation of vapors upon its
30 surface during the process. A central opening 35 in the
top of the cap 31 (see FIG. 3) permits the silicon rod 21
to pass through it as the pulling prodess continues. The
~cap 31 also has an opening 36A which allowé for
observation of the crYstal growth process through view
35 port 9, and an opening 36B which allows for conventional
monitoring'of the process by sensors (not shown).



'30 ~a dopant. The crystal grow ng prodess may be carried out as a batch
process in which there is a single charge of polysilicon to the crucible
and the silicon nelt | evel decreases as the length of the solidified single

~crystal increases or as a continuous process in whi-ch polysilicon 35 I's
continuously charged to the crucible to rgintain a relatively constant
silicon nelt level as the length of 5 the solidified single crystal
increases. In batch eohodsrepsdses PP HRASLRE COSHESmObE! Eﬁeaéﬁemhﬁéﬁm%er
the nelt is pr eSS|veI i Nncr ease as the fractjon of silico

solidified |ncﬂgﬁ§%%m P %%H??%uﬁ% ¢ draypotf ?s?rYﬁEag E}$§sargyof

the atnosphere Wstt@oﬂ‘eéhom) neaté bdeechat shelbeal aadenssant value. In
either of the e odlne blg ress es én ex ess %Yloo torr,are_achi eved

during the cryst r'o¢ %%at 53 a?ﬁee i BR t8°¥h PRERS
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fed into the shell 3 through a nozzle (not shown) at the
top of the pulling chamber 7, as well as through other
ports and nozzles, to be herelnafter described, forming a

_ purge system of the present invention.

10 To grow a single crystal silicon rod 21, a quantity
of polysilicon is charged to the crucible 11 and an
electric current is passed through the heatlng panel 13
to melt the charge. The silicon melt 23 may contain
certain dopants, such as antlmony or arsenic, which are

15 introduced in order to modify the electrical
characteristics of the silicon, as known in the art. In
the preparation of a highly doped silicon rod, a
sufficient quantity of antimony or arsenic is added such

. that the rod has a dopant content which yields a

20 resistivity of preférably about 8 to about 20 mohm-cm
(milliohm-centimetef).

While the crucible 11 and a seed crystal are ;
rotated, the seed'crystal'is lowered to make contact with
the melt 23 and then slowly withdrawn from the melt while

25 an atmosphere is kept over the melt in the growtﬁ chamber
5. The silicon solidifies on the seed crystal to produce
the growth of a single crystal silicon rod 21. In batch
embodiments of the process, the gas pressure of the
atmosphere over the melt 23 is progressively increased as

30 the fraction of melt solidified increases. - For a melt
‘containing antimony or afsénic, the gas pressure over the
melt will have an initial value of about 15 torr,
preferably about 25 torr, more“preferably about 30 torr,
and a final value of about 250 torr, preferably 275 torr

35 and more préferably about 300 torr. Experience has shown
that while a final value in excess of 300 torr may be



during the production of a single crystal silicon rod which is pulled in
accordance wth the Czochral ski nethod. The process conprises purging the
atmosphere within the crystal- puller with curtains of purge-gas 15 which
act to aspirate vapors and particulate radially outwardly away fromthe
melt and silicon rod. In a preferred enbodi nent, a cap is used to isolate a
portion of the atnosphere above the crucidl e. The present invention is '

further directed tp an 20 ., apparatus for renovin apors_a particul ate
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from above the ssederont imecomplete candnfonaticr ofrthetsiditow rod |
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preferred enbodinment, a cap is Used to jsolate a portion of_the atnosphere
above the 30 IRF PrahRupe ckehee i whentgeawth afi thergilhepndreécted to -

main body is complete and formation of the end-cone has
begun. ' L | - |
As. the process pfbceeds and the length of the
10 silicon rod 21 increases, the gas pressure over the
silicon melt 23 increases to compénsate for the
decreasing oxygen content in the melt by.inhibiting
silicon monoxide evaporation. This increase in pressure
acts to maintain the axial oxygen content of the rod |
15 within the range of preferably about 13 to about 18 PPMA
and, more preferably, about 14 to about 17 PPMA. The
rate at which the pressure iS'inéreased will be a
function of the rate of silicon monoxide evaporation.
The presence of antimony or arsenic results in an
20 increased rate of evaporation, due to the increase in _
silicon monoxide vapor pressure which is caused by these
dopants. ' ) Ny .
" . In the prépération of an antimony or arsenic doped
silicon rod; the gas pressure of the atmosphere over the
25 melt will preferably exceed about 50 torr after about 25
| percent of the melt has solidified, about 100 torr after
about 60 percent of the melt hés solidified, and about
200 torr after about 75 percent of the melt has
solidified. More preferably, the gas pressure will
30 exceed about 75 torr after about 25 percent of the melt
has solidified, about 100 torr after about 50 percent of
the melt has solidified, and about 240 torr after about
75 percent of the melt has solidified. '
In continuous charge embodiments of the process, the
35 gas pressure of the atmosphere over the melt is
maintained at a generally constant value which is in



an apparatus for preventing the deposit of condensate and particul ate on
"the view port wi ndow of the crystal puller. This apparatus enploys a
plurality of thin 35 baffles and a flow of inert gas, such that vapors in
the crystal growth chanber- stagnate and deposit on the. 6 surface of the
baffles. In a preferred enbodinent, a sacrificial windowis used to
prevent any build up of deposit. upon trm;%rystal puIIer Vi ew port MﬁndOW
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conprisings  preferably about 275.torr, and most preferably about 300
torr.

The purge system, in'a first embodiment, includes
four purge gas nozzles 39 (only two are shown) located at
90° intervals around the central axis A of the crucible

10 11. It is to be understood that the number of nozzles
‘used and their angular position may be other than that
described and fall within the scope of the present
invention. Generally, it has been observed that the best
results occur when the nozzles 39 are located within

15 about 28 to about 30 cm of each other. The nozzles 39
are received through and mounted on the cap 31 for
delivering high velocity gas in streams directed
downwardly along lines of flow located radially outwardly
from the periphery of the crucible 11. Holes 41 in the

20 cap 31 for reception of the nozzles 39 may be seen in
FIG. 3. Together, the streams of purge gas emanating
from the nozzles 39 form a first generally cylindrical_
curtain of gas around the central axis of the crucible
11. It is to be understood that the curtain may not -

25 necessarily be continuous all the way around the central
axis A of the crucible 11. .

The first curtain of gas flows downwardly outside
the perimeter of the open top of the crucible 11 at
velocities which create a region of low pressure within

30 the crystal growth chamber 5 radially outwardly from the
open top of the crucible. The direction of flow is
indicated generally by arrows 43 in FIG. 1. Vapors and
particulate over the crucible 9 are aspirated into the
flow of gas in the first curtain and out of the growth

35 chamber 5 through the exhaust ports 37.
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adj usting a.gas pressure of the atnosphere to a value in excess of 100 torr
as the single crystal silicon rod is grown froma nelt conprising silicon;
and, aspirating vapors and particulate away fromthe nelt. |In accordance
with a second aspect of the invention, there is provided a process for
renovi ng vapors and particul ate generatﬁg during the production of a single
crystal silicon rod which is pulled fro & silicon melt in accordance with
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aspirate vapors and particulate into its flow. Suction
through the. exhaust ports 37 shapes the flow of gas in
the second curtain as illustrated by arrows 45 in FIG. 1.
10 The second curtain flows downwardly and radially
outwardly near the top of the crucible 11 to pass around
the top of the crucible to merge'with the.first curtain.
The combined effect of the first and second curtains is
to substantially purge the entire region immediately
15 above the crucible 11 of vapors and particulate which
might otherwise be deposited on an internal surface of
the crystal puller 1. _
Referring now to FIGS. 2 and 3, the second curtain
is formed by a sleeve 47 and cooperating neck portions of
20 the crystal puller 1. A collar 51 includes a flange 53
mounted on the shell 3 within the crystal pulling chamber
5 and a tubular portion 55 depending from the flange.
The tubular portion 55 has a cylindrical interior surface
57 (see FIG. 3) of a first diameter of about 20 to about
25 22 cm. In the preferred embodiment, the collar 51
constitutes an intérnal.neck portion of the shell 3. An
external neck portion 59 of the shell 3 projecting
upwardly from a top wall pbrtion of the ‘shell has an
annular flange 61 and.an_interior surface of
30 substantially the same diameter as the first diameter of
the collar 51. The sleeve 47 has an annular flange 63 ‘
- overlying the annular flange 61 of the external neck
portion 59 so that the sleeve is supported by the shell
3. A tubular portion 65 depending from the annular |
35 flange 63 of the sleeve 47 has a cylindrical external
gsurface 67 (see FIG. 3) of a second diameter of about 19



REPLACEMENT SHEET 6a I n accordance with a third aspect of the invention,
there is provided a crystal puller apparatus having a purge system for use
in removing vapors and particul ate generated during the production of a
single crystal silicon rod having a radius and which is pulled froma :
silicon nelt in accordance with the CZocgéalski_nethod, the crystal puller
appar atus conprising: a shell enclosing vol unme including a crystal growth

chanber, the shell ' capabl. g . ) tai gl | i i g . spher e
therein; a crugﬁ%f% qg?ggb%@@iﬁ?HSI ﬁ%pg%%iiﬁ¥r%&%gi{ﬁé:é#{%ﬁgﬁgﬁkgggﬁg a
central axis a®f Bdengntmmicn sunfaaesmcafhrheaallar Temndilextemnalt hin
the crystal groudx Qu¥Rdn p heater for heating the crucible and nelt

contained therein; a crystal pulling nechani sm.including a seed . .
: An external surface 67 of the sleeve 47 and interior

5 surfaces 57 of the external neck portion 59 and collar 51
of the shell 3 define an annular passage”71 extending |
dbwnwardly through the cap 31.into the crystal growth
chamber 5 and terminating above the crucible 11.

Preferably, purge gas lines feed purge gas into the
10 annular passage 71 inside the crystal growth chamber 5
' through ports 73 in the collar 51, or alternatively
through ports 75 (as shown in phantom) in the external
neck portion 59. The purge gas fills the annular passage
71 and escapes downwardly out of the passage in a
15 cylinder to form the second curtain of gas. The velocity
of the second curtain is less than that of the first
curtain. When used in conjunction with batch embodiments
of the process, the velocity of the second curtain
decreases as the gas pressure over the melt increases.
- 20 The velocity of purge gas from the second curtain will
' preferably exceed about 250 cm/second at about 30 torr,
about 75 cm/second at about 100 torr, about 35 cm/second
at about 200 torr and about 20 cm/second at about 300
- torx. More preferably, the velocity will exceed 280
25 cm/second at about 30'torr, about 80 cm/second at about
100 torr, about 40 cm/second at about 200 torr and about
25 cm/second at about 300 torr. It is to be understood
that the velocity of gas in the second curtain may be
other than that described without departing from the
30 scope of the present invention. |
The first curtain is formed by the four purge gas
nozzles 39 constructed of stainless steel and connected
to the inert gas source by stainless steel flex hose {(not
shown). When used in conjunction with batch embodiments
35 of the prbcess, the velocity of gas emitted by each jet
is also diminished as the gas pressure over the melt 23



crystal pull cable connected to a supporting structure capable of raising a
seed crystal for pulling the single crystal rod fromthe nelt; a purge
system conprising a purge gas delivery structure positioned within the
crystal puller apparatus shell. and having at | east one gas outl et

positioned for delivering high velocity s Iin a stream |l ocated radially
outwardly froma radially outer perineter~of an open top of the crucible

and directed ge own d L N:a.,ChLt A I 0 and s d
From the cont o icEeasfoRENAOBIEY AL BLALIFUBLY aKoBEOURE SNE BPace
radial |y outer pafpreend at aheubp2f teoprof abputclOli bméseahndepy shout

stream of high ygbogbt¥, 08BoGAN4S! 8R)Be8oh&IhENaBbULOYOR! €88 Gnkehbhye 10
t he pressure aboy e cen of , t he cruci bl e wher eby éggors

et er nd
particul ate are3%sﬁ?P§?Ean aBFafPyubuB8r BPH X+ r oHPEREP Fﬁé@ﬁﬁﬁ the
silicon rodsandvebeyityoisagbyatt Beocenyseconhdt A€ abuvatbBe tower,dabbat

streamof gas; f@g cm/second at about 100 torr, about 52 cm/second at
about 200 torr and about 35 cm/second at about 300 torr.
It is to be understood that the velocity of gas in the
first curtain may be other than that described without
10 departing from the scope of the present invention.

For continuous charge embodiments of the process,
the gas pressure of the atmosphere over the melt is
maintained at a generally constant value in excess of 100
torr throughout the process. Therefore, the gas

15 velocities of the first and second curtains will also
remain generally constant. With respect to the first
curtain, the gas velocity will exceed about 38 cm/second
at about 250 torr, about 34 cm/second at about 275 torr,
and about 30 cm/second-at about 300 torr. Preferably,

20 the gas velocity will exceed about 44 cm/second at about
250 torr, about 40 cm/second'at about 275 torr, and about
35 cm/second at about 300 torr. With respect to the
second curtain, the gas velocity will exceed about 28
cm/second at about 250 torr, about 24 cm/sécond at about

25 275 torr, and about 20 cm/second at about 300 torr.
Preferably, the gas velocity will exceed about 33
cm/second at about 250 torr, about 29 cm/second at about
275 torr, and about 25 cm/second at about 300 torr. It
is to be understood that the velocity of gas in both the

30 first and second curtains may be other than that
described without departing from the scope of the present
invention. . |

This high velocity flow of inert gas acts to
aspirate the vapors and particulate present over the melt

35 surface, and carry this mixture radially and outwardly
away from the melt surface. This flow of gas, vapors and



| 6b exhaust ports in the shell for passage of purge gas and vapors and
parti-cul ate entrained therein out of the shell. Brief Description of the
Drawings FIG 1 is a schematic, sectional view of a crystal puller having a
Czochral ski crystal growth chanber in accordance w-th the enbodi nent of the
present invention; FIG 2 is an enlarged,4ragnentary sectional view of the
crystal puller of FIG 1; FIG 3 is a botton1p|an view of a cap used in the

crystal growth phagbhenlateGistthendekhaadRakaFyons ¥Hd YMEmbEreWiRiowyh
an” et ar ged,  r EBRORRARFS BRESP 3791 odfbre BreteE 18 SrLO ARy F%S o
baffling of thenpzeseat 3onpeddueingtthe Eirstachattladn pd shegd \Yas/ il of
e vy oy Port bRRE! bideVe! B70hbRPERERTR"SY,' 21 IRY 'Y Ultf purge lines
5 producing the second curtain of gas constitute the purge
gas delivery structure. _
Referring now to FIG. 4, the purge gas delivery
structure of a second embodiment is shown. The nozzles
39 of the first embodiment are replaced by a torroidal

10 manifold 77 supported inside the crystal growing chamber
5. Downwardly projecting delivery tubes 79 extend from
the manifold'77 to deliver purge gas to form the first
curtain. The spacial relationship of these tubes 79 is
the same as that of the nozzles 39 in the first

i5 embodiment. A single purge gas feed line (not shown) may
be used to feed the manifold 77. The manifold may be
used in conjunction with the sleeve 47, neck portion 59,
and collar 51 so that both the first and second curtains
are provided. .

20 It is to be noted thatlthe provision of the second
curtain is optional in both the first and second
embodiments of the present invention.
| Notwithstanding the provision of the purge system,
some silicon and silicon dioxide will be deposited on the

25 internal surfaces of the crystal puller 1. It is
particularly important that the view of the interior of
the crystal growth chamber 5 through the view port 9
remain unobstructed. Referfing to FIG. 5, the view port
9 includes a port formed in the shell 3 which has a

.30 réctangulér'éfgés section. A transparent window 81 is
sealingly mounted in the port near its upper end. A
cover 83 attached to the port forces the window 81 into
sealing engagement with an O-ring 85 in a groove in the

- port to obtain the seal. As is conventional, a purge gas

35 line 87 (see FIG. 7) is connected to the port 9 by an

inlet 89 to allow for the injection of purge gas just



FIG 7 is a top plan view of the view port with parts broken away to show
internal construction; and FIG 8 is a chart illustrating the axial oxygen
contents of three silicon rods produced using the present invention, as
wel | as the range of axial oxygen contents obtained using conventional
pressure conditions. Corresponding reference characters. indicate
correspondi ng parts throughout the severdb views of the draw ngs. Detail ed
Description of the Preferred Enbodi nents _Referring nowto FIG 1, a .
Czochr al ski cr yReXPW ptle cFrRBARRFERE cWindoucBr daHeweyprtn the BrPNésdPBs of

the present inuspttle paryedyast 86egenet apraveht ltheThendengdativat 8E pul | er
I ncludes a shell_3 enclosing a vol une ich Lngcludes a.crystal growth
charber 5 and SRSt P01 PPAGVERBeF L7 niE ERER S1EmtRelherhER cai 1y
seal ed in ordertranspanéncy.a controlled atnosphere within the
5 Baffling indicated generally at 91 is received in a
lower end of the port 9 which opens into the crystal
growth chamber 5. The baffling 91 cooperates with the
purge gasﬁflow from the purge'gés line 87 to inhibit
migration of vapors and particulate to the transparent

10 window 81. The baffling 91 comprises a plurality of thin
molybdenum baffles 93 (see FIG. 6) mounted generally in a
spaced apart face-to-face relation adjacent to the view
port 9. The spacing is selected to stagnate gases from
the atmosphere above the crucible 11 between the baffles

15 93 while permitting viewing through the baffling and is
about 2 to about 4 cm in the preferred embodiment. It is
to be understood that the material of the baffles and
their spacing may be other than that described without
departing from the scope of the present invention.

20 Referring to FIGS. 5, 6 and 7, the thin baffles 93
extend between opposing side walls 95 of a frame 97 by
which they are supported. A flange 99 projecting
outwardly from each side wall 95 is mounted by a suitable
fastener 101 on the interior of a'top wall of the shell

25 3. The frame 97 also supports a sacrificial window 103
in the port above the baffles 93. The sacrificial window
103 rests on the upper ends of the baffles 93 and accepts

- deposits from any vapor which is able to migrate through
the baffles from the crystal growth chamber 5. It is a

‘30 relatively simple and inexpensive matter to replace the
sacrificial window 103 by disconnecting the frame 97 from
the shell 3 and sliding the frame out of the port 9. The
sacrificial window 103 substantially closes spaces '
between the baffles 93 at the tbp of the baffling.

35 However, the sacrificial window 103 ‘and the frame 97 do

| permit purge gas from the purge line 87 to flow around



5 two chanbers. A view port 9 in the shell permits observation of the
crystal growth process. Wthin the crystal growh chanber 5 is a crucible
11 surrounded by a tubul ar graphite heating panel 13, which is nounted on
el ectrodes 15 that connect the panel to an 10 el ectrical power source
(not shown). The crucible 11 is nmounted on a turntable 17 having a shaft
19 connected to a crucible drive unit (g shown) for rotating the crucible
about a central axis A, and raising and | owering the crucible as necessary.
The cruci bl e lthkasdgesopdn the windpwamthde dmita thea apsods hetofeerpldhzn

silicon. A si AGLYghal, Sihi GO I [ ul | J 2.
starting with ggggégscr%?stsa t r?o%t IEs]f’ﬁ%(\%/n)?ﬂshe g%l P‘%q'(#]llﬁp%% ' aec%é)d to a
pul | cabl e 27 doiNecvayantes yapeds Somnwemdly Fronwewden ddisl e 27 i s
rotated and rapge¢i1@d®. and |owered as necessary by operation of the
support structure 29. A_cap 31, having_the shape of an inverted cup, is
supported By an int @Fn&lﬁ\}ﬁtlraf@daﬁﬂl f Wing Framrke i fiadraaess

portion of theofit ¥heppeiesetit! Hinkreintd oBb mayC bés e tMdbrfiBID&hed di rectly
abave.the Cruc£§§ge%lcontent in single crystal silicon rods heavily
doped, i.e. having a resistivity of about 8 to about 20
mohm~cm, with antimony or arsenic such that a medium to
10 high, i.e. about 13 to greater than 16 PPMA, oxygen
content is achieved. The Example sets forth one set of
.conditions that may be used to achieve the desired
result. Data similar to that given in Tables I, II and
FIG. 8 can be generated for other crystal diameters,
15 crucible and polysilicon charge sizes. Accordingly, the

Example should not be interpreted in a limiting sense.

EXAMPLE
In accordance with the process of the present
inventien, a single crystal silicon rod (150 mm nominal
20 diameter) was pulled from a 350 mm diameter crucible
containing a 34 kg molten silicon charge, doped with
antimony, using the apparatus of FIG. 1. Table I
indicates the rate at which the gas pressure of the
atmosphere over the melt was increased as the fraction of
25 silicon melt solidified increased. Table II indicates
the decrease in the velocity of purge gas entering the
crystal growth chamber from the first and second curtains
of the purge system as the gas pressure over the silicon

melt was increased.



"fromthe remainder of the at nosphere.
suitable materi al

quartz or other

The cap 31 is made of high-purity
whi ch will

the crucible 11 and is heated to prevent the condensation of vapors upon

its 30
the cap 31 (see FIG 3) perm
the pulling process continues.
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process by sensorf
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. Table II

Furnace
Pressure
(torr)

15

Gas Velocity of-
First Curtain
(cm/second)

Second Curtain
(cm/second)

30

350

Gas Velocity of “

281

100

105

YR

200

52

b top

20 300 35

42 |
28

The axial oxygen contents of three single crystal
silicon rods, each produced according to the process as

It
can be seen that the axial oxygen content ranges from

set forth in this Example, are provided in FIG. 8.
25 about 13 to greater than 16 PPMA for each silicon rod.
Also presented in FIG. 8 are two shaded areas. One
shaded area illustrates the range of oxygen
concentrations obtained as a function of the crystal
position using conventional pressure conditions, which
The

other shaded area illustrates the change in gas pressure

30 are typically between about 10 to about 20 torr.



ports and nozzles, to be hereinafter described, form ng a purge system of
the present invention. 10 To grow a single crystal silicon rod 21, a
quantity of polysilicon is charged to the crucible 11 and an electric
current is passed through the heating panel 13 to nelt the charge. The
silicon nelt 23 nmay contain certain dopants, such as antinobny or arsenic,
which are 15 * introduced in order to fy the electrical characteristics

211 bon” ot R e S e 'l el SBRLEH sk el Bk R

that the rod hasresseidqeaht content mhlch yields a 20 re5|st|V|ty of

(F:; 32?[)?2' g.lagﬁgt assg%(f}gr yst}%(} are I’Ot at e(fé e seg{#}}g@i C% %%\?\B{rgg to

nmake contact wilh tchdesiate that tthen savemal mmteﬁmrp# rtchﬁ tIPiféeﬁ‘\%flﬂt whi | e

25| an at {Eozppﬂ&dt%dtiﬁl@ré)\éﬁihﬂé%d'}?' :wahdd(}e ﬁcﬁv]& f das The |
silicon solidifies on the seeqd crystal to_produce the g of A, sipng
crystal silicoR4eSFWE quehk Gshdhtes T2 "cbri‘é”br%‘gcé%“sf fed

pressure of thdncreases, the axial oxygen content falls below the.
desired medium to high oxygen content range after about
40 percent to about 60 percent of the melt has
10 solidified.

As various changes could be made in the above method
without departing from the scope of the invention, it is
intended that all matter contained in the above
description shall be interpreted as illustrative and not

15 in a limiting sense. '



at nosphere over the nmelt 23 is progressively increased as_ 30 the fraetioen-
of nelt solidified increases. For a nelt containing antinony or arsenic,

the gas pressure over the nelt will have an initial val ueTo®S Beag Ged
preferably about 25 torr, nore preferably about 30 torr, anﬂ &mi e
of about 250 torr, preferably 275 torr 3p4 and nore prefer

torr. Experience has shown that while a ?inal val ue in excess of 300 torr

may be 9 us%a@@i%'%&é@ifsyal ue has no effect on the resulting
oxygen content. use ereln, the terminitjal value shall mean the gas
pressure val ue when %r o P¥PCeFR Qe FUHHOI LLING RFIN FRAFREEIR A of
the silicon r0fbi51gléf9¢f¥m SEB1 AR Urbd L1 {rerdedorddnyal wees hehé

ue

mean the gas pressyre .v en_growth of, the silicon rod nmajn body is-
Compl et and 1 SHARIFALERL (HEF AR TR el HiRRm Mot ¢ Hee ML PHHEE cods

and the | engt h ntdined within a hermetically sealed chamber of a
5 crystal puller wherein an atmosphere is maintained over
' the melt, the process comprising adjusting a gas pressure
of the atmosphere to a value in excess of 100 torr as the
single crystal silicon rod is grown'from'a melt
comprising silicon.

2. The process as set forth in claim 1 wherein the
melt contains a dopant selected from the group consisting
of arsenic and antimony.

3. The process as set forth in claim 1 wherein the
gas pressure of the atmosphere is adjusted to a value of
at least about 250 torr.

4. The process as set forth in claim 1 wherein the
~gas pressure is progressively increased as the fraction
of the melt solidified increases.

5. The process as set forth in claim 4 wherein the
progressively increasing gas pressure exceeds about 50
torr after about 25 percent of the melt has solidified,
about 100 torr after about 60 percent of the melt has

5 solidified, and about 200 torr after about 75 percent of
the melt has solidified.

6. The process as set forth in claim 1 wherein the
gas pressure of the atmosphereiover the melt is adjusted
in ordexr to maintain the oxygen content within the range
of about 14 to about 17 PPMA. |

THES GHEET HAS BEEN
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10 silicon rod 21 increases, the gas pressure over the silicon nelt 23
I ncreases to conpensate. for the decr easi ng oxygemns Siktdns Been Regeedrel t by

i nhi biting silicon nonoxide evaporation. This incr re acts to
mai ntai n the axial oxygen content of the rod 15 ge of -
preferably about 13 to about 18 PPMA. and nDre pre out 14 to -

about 17 PPMA. The rate at which the pre ure IS |ncreased w il be a

function of the rat%,of silicon oxi de evaporation. 3 esean
antimony or arsenic resdt BF95F5h TENVNG VAROKS e@%’b"o’r%‘f ¥ due
to the mcreasgenenaﬂectaiurmrg)mme pxaqmmcqmrcnssmfeavwﬂ.m@lescmmbl by t hese

dopants. In th e f rse licon rod,

t he gas pressu%ea %QQ-{] nqvorg'p rg;}esagﬂe%eﬂéqgg & égfjf: "d&Fe‘g%]r?%fiér(rfabl y
exceed about 5@QQﬂﬁd&ﬂQQﬂwkﬁhnﬁzthqﬁiskmanﬁthmeth#tm¢¢@ beingi fied,
about 100 01 I a1 Pl S P Wimeil1 d1e yedda1ias. SRS | 6 aand about

200 torr after about percent. of the nelt has solidified.
preferably, th&@ﬁ%&-ﬁ%ﬁhﬁrw any aldRafeirKe 5 %mt%%# Q¥eYit 25

percent of thetm tmelt, the process comprising:
purging the atmosphere within the crystal growth
chamber radially outwardly of the perimeter of the open

10 top of the crucible with a first curtain of purge gas to
remove vapors and particulate away from the surface of
the melt, and |

purging the atmosphere within the crystal growth
chamber radially inwardly of the perimeter of the open

i5 top of the crucible with a second curtain of purge gas to
remove vapors and particulate away from the surface of
the silicon rod and melt.

8. The process as set forth in claim 7 wherein the
velocity of purge gas from the second curtain is less
than that of the first curtain.

9. A crystal puller apparatus having a purge sYstem
for use in removing vapors and particulate generated
during the production of a single crystal silicon rod
which is pulled from a silicon melt in accordance with

5 the Czochralski method, the crystal puller apparatus
comprising:

a shell enclosing a volume'including a crystal
growth chamber, the shell being capable of substantially
maintaining an'atmosphere therein; .

10 a crucible for containing the silicon melt, the
crucible having a central axis and'being mounted for
rotation about the .central axis within the crystal growth
chamber;

| THIS SHEET HAS BEEN
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has solidified, about 100 torr after about'SO percent of the melt has
solidified, and about 240 torr after about 75 percent qﬁmgﬂguggb&mmg Slaced

solidified. In continuous charge enbodi nents of the proc gas
pressure of the atnosphere over the nmelt is naintained MM "U’
constant value which is in 10 excess of 100 torr thr cess.
This neans that the |n|t|al and finat vaPtes of the gas pressure,

deflned above, w1 o, sout 14e s DELeLl 112 g0 BUPEOMLg ML
pref er abl wsabouwhe&tinprr . The purge system in a first enbodi nent,
eles our puroe S5-pRedl SRl ey AEnRlos 0 Aad e
under st ood t hatPule ¢alpdercorneeted ko (BurPortingcstraagurar capabieont my
be other than thising the seed crystal for pulling the s1ngle crystal
rod from the melt;
20 a purge system comprising a purge gas delivery
 structure positioned within the crystal puller apparatus
shell for delivering high velocity gas in a stream
directed generally downwardly at a location radially
outwardly from the central axis of the crucible, the
25 - stream of high velocity gas creating a region of low
pressure relative to the pressure above the center of the
crucible whereby vapors and particulate are aspirated
radially outwardly from the surface of the silicon rod
and away from above the center of the crucible toward the
30 high velocity stream; and _
exhaust ports in the shell for passage of purge gas
and vapors and particulate entrained therein out of the
shell.

10. The crystal puller apparatus as set forth in -
claim 9 wherein the purge gas delivery structure is
constructed to deliver the stream of gas in a curtain
disposed radially outwardly from a radially outer

5 perimeter of the open top of the crucible.

11. The crystal puller apparatus as set forth in
claim 10 wherein the purge pass delivery structure
comprises a plurality of purge gas nozzles located at
angularly spaced positions around the central axis of the

5 crucible. ' '

12. The crystal puller apparatus as set.forth in
claim 11 wherein the purge gas delivery structure

R O



described and fall within the scope of the preseﬁ%—fﬁveﬁ%feﬂ——ékﬁeralIy,'it

has been observed that the best results occur n nozzles 39 are

| ocated within 15 about 28 to about 30 cm of he e‘i'1ozzles 39
are received through and nounted on the cap 31 f |gh velocity
gas in streams directed downwardly al ong |ines of radially

outwardly fromthe periphery of the cruckBl e 11. Hol es 41 |n the 20 cap
31 for reception of the nozzles 39 may be seen in FIG 3. Together t he
streans of pur qeomle%netgﬁ@erabwtmn%ém:egrsg gaenmanifedd, geher aIIy

cylindrical CL”% aflafods PE8dekbEnG LAY QbwAwhPAOErbRe thkURbRE Eold.
Is to be understood that the curtain may not 25 necessarily be contlnuous

all' the way around the central axis A of the crucible 11.. The first curtain

of gas flows downvvarﬂ:ky o'nhéldfyéb&lppﬁlnefeapparhbasoaenséepfei:thhen
crucible 11 at | pCi eat e g?reg essuL

30
Che eryeta o SRR LA Sipete st FhE oS fa i hE Jrfrany BrE' BRRREEEHEEE Bre
cruci bl e. The dfiiesticurtdifnl andi shendinatbd gengeaphs Hylaveuys 43 in FIG

1. Vapors and gtyycture is further constructed to deliver the stream of
5 gas in a second curtain generally around and spaced from
the central axis of'the"crucible, the second curtain
being disposed generally radially inwardly of the first
curtain, the first and second curtains cooperating to
aspirate vapors and particulate in the atmosphere over
10 the top of the crucible radially outwardly away from over
the top of the crucible.

14. The crystal puller apparatus as set forth in
claim 13 wherein the second curtain of purge gas is
disposed radially inwardly from a radially outer
perimeter of the open top of the crucible. : |

15. The crystal puller apparatus as set forth in
‘claim 14 wherein the first curtain of purge gas is
disposed radially outwardly from a radially outer
perimeter of the open top of the crucible.

16. The crystal puller apparatus as set forth in
claim 13 wherein the purge gas delivery structure further
comprises a means defining an annular passage above the
crucible, said annular passage means delivering purge gas

5 in a generally'cylindrical stream forming the second -
curtain.

17. The crystal puller apparatus as set forth in -
claim 13 further comprising a cap'mounted in the crystal
pulling chamber, the cap being heated to prevent
condensation of vapors on its surface and being located

[THiS SiEe s seen] | NI RO ARR
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particul ate over the crucible 9 are aspirated into-the ffowof gas in the
first curtain and out of. the growh 35 chanber %s&@& oh R§lBsghaust

ports 37. A second downwardly fl ow ng, generaT? curtain of
purge gas is provided radially inwardly of the fi jﬂﬂﬁ mﬁntm radi al ly
i nwardly of the perineter of the open tcm?éﬁ t he e second

curtain has 5 a sonewhat |'esser velocity an the first curtain, but stil

creates a regio I I ' . aspj Q) nd . i cul ate
Chro st Se CBbByel USRS W ot LA A LR 313 AP R ! o
in the second chkeacxyasal nysdilies spraragusoRbove theriogucibley fromhe

second curtain {hewsduuaydos NG teadindldhe Atnsdiere Gainddia AR, of the
crucible 11 to Ss arqund the top of the crucible™to merge with. the first

curtain. The coffBPN&d &udPlehe first -and second curtains is to

substantially purge the entire region i mediately 15 above the crucible

11 of vapors and par&%ﬁ“'%&%\gyfg%al puller apparatus as set'fofth in
claim 13 further comprising a view port through the shell
for viewing the crystal pulling chamber, the view port
including a transparent window sealingly mounted in the

5 port, and baffling including a plurality of thin baffles
mounted generally in a space apart face-to-face relation
adjacent to the view port, the spacing between adjacent
baffles being selected to étagnate gases from the
atmosphere above the crucible while permitting viewing

10 through the baffles into the crystal pulling chamber
thereby to protect the view port window from deposits“of
material from the atmosphere. ) '

19. The crystal puller apparatus as set forth in
claim 18 further comprising a view port purge gas
injector for injecting purgé gas into the view port
outwardly of the baffling, and wherein the baffling

5 comprises a frame supporting the baff1es and mounted in
the view port to block the flow of gas in the view port
except through the baffles so that purge gas injected
into the view port outwardly of the baffles flows between
the baffles for purging the crystal pulling chamber

- 10 atmosphere therefrom, and a sacrificial transparent
window supported by the frame outwardly of the baffles
and inwardly of the transparent.window for blocking the
atmosphere from the transparent window.
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m ght otherw se be deposited on an internal surface of the crystal puller

1. Referring nowto FIGS. 2 and 3, the second curtain is forned by a sl eeve
47 and cooperating neck portions of 20 the crystal puller 1. A collar 51
i ncludes a flange 53 nounted on the shell 3 within-the crystal pulling
chanmber 5.and a tubul ar portion 55 depending fromthe flange. The tubul ar
portion 55 has a cylindrical interior surface 57 (see FIG 3) of a first

di anet er of about 20 to about 25  222cm In the preferred enbodi nent, the
collar 51 constitutes an internal neckgportion of the-shell 3. An external
‘'neck portion 59 of the shell 3 projecting upwardly froma top wall portion
of the shell-has an annBRQECESSaANe ARPARATHS F@BeﬂQNTRQHHQﬂéacﬁ 30 -
substantial ly the same CIHBEIXNGEN: GONTENT N SEHECEN WAFE S collar 51. The
sleeve 47 has an annul HEEVERYORED VEETH i AN (A8 &RSENIfige 61 of the
external neck portion 59 so that the sleeve is supported by the shell 3. A
tubul ar porti ogpSbraeped nhe Didclbsuaenul ar 35 flange 63 of the sleeve
47 has a cylindrical external surface g%d§u¥%éqé%g&aaé§n§.éﬁgond_dlaneter

of about 19 process aﬂﬂiappar

concentration and distribution of oxygen in a single
crystal silicon rod pulled from a silicon melt,

5 6ptiona11y'doped with antimony or arsenic, in accordance
with the Czochralski method wherein an atmosphere is
maintained over the melt. In batch embodiments of the
process, the gas pressure of the atmosphere over the melt
is progressively increased to a value in excess of 100

10 torr as the fraction of silicon melt solidified
jncreases. In continuous embodiments of the process, the
gas pressure of the atmosphere over the melt is
maintained at or near a constant value in excess of 100
torr. The process and apparatus are further

15 characterized in that a. controlled flow of inert gas is

used to remove vapors and particulate away from the
surface of the rod and melt, resulting in the production:
of a single crystal silicon rod having zero dis;ocations)

Figure 1
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of - the process, the velocity of the second.curtain decreases as the gas
pressure over the nelt increases. 20 The velocity of purge gas fromthe
second curtain will preferably exceed about 250 cnisecond at about 30 torr,
about 75 cnmf second at about 100 torr, about 35 crifsecond at about- 200 torr
and about 20 cnisecond at about 300 torr. Mre preferably, the velocity
will exceed 280 25 cm second at abouylg30 torr, about 80 cmsecond at
about 100 torr, about 40 cm second at abotk 200 torr and about 25 cni second
at about 300 torr. It is to be understood{(that the velocity of gas in the
~second curtain may be other than that desgyihed wthout departing fromthe
30 scope of the present invention. The urtain is forned by, the
four purge gas nozzles 39 constructed of 5. S{ &€ dted to
the inert gas source by stainless steel 0 C—Ynern used in
conjunction with batch enbodiments 35 Pt /the process, the vélléci ¥y of gas
emtted by each jet js also dimnished ap g

e gas pressure ovegr melt 23
. /) \ ///‘///JZ 7
S _ / Tr— 7 - o
( g % | / w
. /7 / Y
N | Y/ ) ~
prrrrrrra e NS
777727 §> Sy, RS R\\x\\\\{1\\\\ ' \:__
Zis . . /§ / )
/I W-N
s w \\ PN\ 4 |
> ) / § |
N 1L L
N _

AN ANN B ANNN

It

7
SN

'___‘_‘_”______’._———

"

as Been Reﬁaced

Tl



13 increases. The velocity is preferably about 325 cnisecond at about 30
torr, about 100 cm second at about 100 torr, about 45 cm second at about
200 torr and about 30 cmisecond at about 300 torr. More preferably, the 5
velocity is about 350 cm second at about 30 torr, about 105 cnisecond at
about 100 torr, about 52 cnisecond at about .200 torr and about 35 cm second
at about 300 torr. It is to be undersBé6d that the velocity of gas in the
first curtain may be other than that described without 10 departing from

t he scope of. the present invention. For continuous charge enbodi nents of

t he process, ga pr ssure of- the atnosphere over the nelt i s mai ntai ned
at a generall dné?% al ue in exc ( throughout the process.
Therefore, the gas 1 vel oci ti ond curtains wll
al so remai n general |y constani~ | ™St curtain, the gas
velocity will exceed about 38 4
cnisecond at abdBte?fR5 f/fﬁnd about 30 cnf se
Preferably,

th respect to the

second at aboutj 250 tq
4Wnd at ab

l
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"20 “the gas velocity will exceed about 44 cmisecond at about 250 torr,

. about 40 cm second at about 275 torr, and about 35 cm second at about 300
torr. Wth respect to the second ¢curtain, the gas velocity will exceed
about 28 cnfsecond at about 250 torr, ‘about 24 cnfsecond at about 25 275
~torr, and about 20 cm second at about 300 torr. Preferably, the gas.
velocity will exceed about 33 cm second at about 250 torr, about 29

cm second at about 275 torr, and about 25 cm second at about 300 torr. It
Is to be understood that the velocity of gas in both the 30 first and
second curtains may be other than that44fescribed without departing fromthe
scope of the present invention. This high velocity flow of inert gas acts
to aspirate the vapors and particul ate present over the nelt 35 surface,
and carryEEh sggaxt e radially and outwardly away fromthe nelt surface.
Thi s flow‘of *gas; ®vdpors and 14 _ _
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particulate is then exhausted fromthe chamber through the exhaust ports
37. In the preferred enbodi nent, the nozzles 39 producing the first curtain
of purge gas and the.sleeve 47, neck portion 59, collar 51 and purge |ines
5 produci ng the second curtain of gas- constitute the purge gas delivery
structure. Referring nowto FIG 4, the purge gas delivery structure of a
second enbodi nent is shown. The nozzles }g of the first enbodinent are
repl aced by a torroidal 10 nanifold'7§ suppa g i nsi de the crystal
- growi ng chanber 5. Downwardly projecting e [ubes 79 extend fromthe
mani fold 77 t ngs urge gas to for irst curtain. The spaci al
rel ati onshi p of t ¢t-ibes 79 is th- 3s\t hat of the nozzles 39 in the
first 15 enbodi ment. A single ad |ine (not shown) may be
used to feed the nmanifold ' in conjunction with
the sl eeve 82 both the first and
- second curtains are
provi si on ofggh .

f ThlS Sheet Has Been Reilaced




»-enbodi nents -of the present invention. Notw thstanding the provision of the
purge system sone silicon and silicon dioxide will be deposited on the 25
i nternal surfaces of the crystal puller 1. It is particularly inportant
that the view of the interior of the crystal growth chanber 5 through the -
view port 9 remain unobstructed. Referfing to FIG 5, the view port 9
~“includes a port formed in the shell 36¥hich has a 30 rectangul ar cross
section. A transparent window 81 is sealingly nounted in the port near its
‘upper end. A cover 83 attached to the port forces the w ndow 81 into '
seal i'ng enga hgign Oring 85 in a groove in the port to obtain the
seal. As is conve % a purge gas- 35 line 87 (see FIG 7) is
connected to the port 9 by an inlet 89 to allow for the injection of purge
gas j ust bel ow the transparent w ndow 81. However, the provision of the

purge gas doesmcwcjewptp@%wdensat i on womg(dal PRE SV RIEN Komraa,
whi ch SOOZ@[FTIKIGFE& s N _ BSO
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= | >639-6
transparency. 5 - Baffling indicat ed general ly at 91 | s(f)r(&el ved in

| ower end of the port 9 which opens into the crygggtﬁmgmmm@rqmmmnSr 58GThe
baffling 91 cooperates with the purge gas fl ﬂm al %gasolpgfal o4
to inhibit mgration of vapors and particul atfe ngéég ra eﬂ@0§ﬁgg1";
wi ndow 81. The baffling 91 conprises a plurali ed 3
baffles 93 (see FIG 6) nounted generally in fa FEEZ;Qe- abéf €
- relation adjacent to the view port 8/7 The spafci sgmge f0's a nat e
gases fromthe atnosphere above the crucible [L1 bet ween the baf(

while pernitting view ng through the baffling| dRATESOEbR " e
in the preferred enbodinent. It is to be understood that the material of

the baffles and their spacing maibe qther thal™+hd descri-bed wi t hout
departing fromthe scope of the Yo ) A1 Fal® pon. 20. Referring to
FIGS. 5, 6 and 7, the thin baffl t ween opposing side walls 95
of a franme 97 by _which they are . ange 99 projecting outwardly
from each side (§§.i# nnuntej~b¥—a\§gLLab fastener 101 on the
interior of a top wall of the shyl |- N - :
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25 3. The frame 97 al so supports a sacrificial w ndow 103 in the port
above the baffles 93. The sacrificial w ndow 103 rests.on the upper ends of
the baffles 93 and accepts deposits fromany vapor which is able to mgrate
through the baffles fromthe crystal growth chanmber 5. It is a 30
relatively sinple and i nexpensive matter to replace the sacrificial w ndow
103 by disconnecting the frame 97 fromthe shell 3 and sliding the frane
out of the port 9. The sacrificial 2ffndow 103 substantially cl oses spaces
between the baffles 93 at the top of the baffling. 35 However, the
sacrificial wi ndow 103 and the frane 97 do perm't purge gas fromthe purge

line 87 to fl ow around 16 the edges of the wi ndow and into the spaces
between the baffles 93 s@gjthat there is sone positive pressure to drive
unwant ed vapors down om between the baffles. 5 As
illustrated in the f ' Exanple. the process
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of the present invention may be used to control the oxygen content in
single crystal silicon rods heavily doped, i.e. having a resistivity of
about 8 to about 20 nmohmcm wth antinony or arsenic such that a nediumto
.10 high, i.e. about 13 to greater-than 16 PPMA, oxygen content is

achi eved. The Exanple sets forth one set of conditions that may be used to
achieve the desired result. Data sifjjar to that given in Tables I, Il and
.FIG 8-can be generated for other-cﬁbétal di aneters, 15 cruci bl e and

pol ysilicon charge sizes. Accordingly, the Exanple should not be
interpreted in a limting sense. EXAMPLE I n accordance with the process of
the present invention, a single crystal silicon rod (150 mm nom nal 20

di aneter:)- was pulled froma 350 nm di aneter crucibl'e containing a 34 kg
nmolten silicon charge, doped with antinony, using the apparatus of FIG 1.

Table | indicates the rate at which the gas pressure of the atnosphere over
the melt was increased as the fraction of 25 silicon nelt solidified
increased. Table Il indicates the decrease in the velocity of purge gas

entering the

FIG.3 5

o}

- sea i
““l X
[

24

57
e

366




=

crystal growth chanmber fromthe first énd-sécond_curtainS'of t he purge

system as the gas pressure over the silicon nelt was increased. . 17 Tabl e
| %of Melt Solidified Furnace Pressure (torr) 10
34 20 65 5 : : 30 -
85 40 110 50 - 140 60
180 70 _ 225 10 4/7 80
+ 260 90 300 100" : : - 300 Table I

Fur nace Gas Velocity of Gas Velocity of

777 7 777 7777 777772

T 77777 777 7T 77T
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15 . .. Pressure First Curtain Second Curtain (torr)

(crd secand) (cm second) 30 .. 350 . 281 100
105 .84 200 52 - 42 20
300 35 - 28 The axial oxygen contents of three

single crystal silicon rods, each produced according to the process as set
forth in this Exanple, are providedsyp FIG 8. It can be seen that the
axi al oxygen content ranges from 257" about 13 to greater than 16 PPMA for
each silicon rod.. Also presented in FIG 8 are two shaded areas. One shaded

area-illustrates the range of oxygen concentrations .obtained as a function
of theé crystal position ugj conyentional pp&s¢ure conditions, which 30
are typically between aboitq tobout 20 tbrr.. The ot her-shaded area

il lustrates the change in gas pressur

FIG. 6




L

utilized for the three rods for which the oxygen data is presented Upon
conpari son of these axial oxygen contents, it is to be noted that the
several objects of the present 5 invention.are achi eved. Wt hout
increasing the gas pressure over the nelt as the fraction of nelt
‘solidified increases, the axial oxygen content falls bel ow the desired
medi um to hi gh oxygen content range after about 40 percent to about 60
.percent of the nelt has 10 sol i digmed. As various changes coul d be nade
in the above method without departlng fromthe scope of the invention, it
is intended that all matter contained in the above description shall be
interpreted as illustrative and not 15 inalimting sense. 19 CLAI M5
1. A process for controlling oxygen content in a o _

FIG. T
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single crystal silicon rod pulled in accordance with the Czochral ski nethod -
froma silicon nelt, the nelt being contained within a hernmetically sealed
chanber of a crystal puller wherein an atnosphere is nmintained over the
melt, the process conprising: adjusting a gas pressure of the atnosphere to
a value in excess of 100 torr as the single crystal silicon rod is grown
froma nelt conprising silicon; and,zﬁﬁpirating vapors and particul ate away
fromthe nmelt. 2. The process as set forth in claim1l wherein the nelt
contains a dopant selected fromthe group consisting of arsenic and
antinony. 3. The process as set forth-in claimlwherein the gas pressure of
the atnosphere is adjusted to a value of at |east about 250 torr. 4. The
process as set forth i n“ﬂ@. ‘wherei'n the gas pressure is progressively
increased as the fraction of the nelt solidified increases. 5. The process
as set forth in claim4 wherein the progressively increasing gas pressure

exceeds about 50 torr OXYGEN, ppma FURNACE PRESSURE, torr
20 — _ _ — 350
18 _ | & 1300
O
16 o .‘ | 250
O : '
14 4 /8 | 8200
12 f 150
10 100
8 | 50
g | | .
SEED MIDDLE OPPOSITE
END _ END
CRYSTAL POSITION
va CONVENTIONAL PRESSURE PROCESS
// OXYGEN RANGE; LEFT HAND, Y-AXIS
/__4 (ORDINATE)

* CHANGE IN GAS PRESSURE; RIGHT
"HAND, Y-AXIS (ORDINATE}

@ - ROD #1; LEFT HAND, Y-AXIS (ORDINATE)
O - ROD #2; LEFT HAND, Y-AXIS {ORDINATE)
A - ROD #3; LEFT HAND, Y-AXIS (ORDINATE)



‘after about 25 percent of the nelt has solidified, about 1 3@%?’
about 60 percent of the nelt has solidified, and about 200 t f bout
75 percent of the nelt has solidified. 20 6. -The process a§P&8t forth
in claim2l whereinithe gas pressure gf the atnosphere over the nelt is
adjusted in order to maintain the oxygen content within the range of about

14 to abousurfaRRME khammmm f O e PREfeE- YD BribGithipt [ i gul ate

gener at ed r pr. n crystal siljcon rod which is
pul | ed fro%%glg' |c<;ear~.1r‘?§1 qrf P%ai?&%ﬁet"ﬁnézcﬂ:rﬂfd%kl dRRHRE, the nelt
bei ng cont depesifi nhpon a:hleerczqﬁstaal bnldeal edeshardiad window! yst al pul I er
-wherein an atno e er the nelt cess conpri sing:
purging the at m)%? Perregb\?n r% H‘g' g’Fy 2 Pag; oﬁﬂ?aﬁﬁfﬂbéﬁ’&eﬁd} RAXE out war dl y
of the perPﬁéP&ﬁdoPWth@e@pénaif@pr.

In accordance with a first aspect of the invention,
there is provided a process for controlling oxygen content in a

single crystal silicbn rod pulled in accordance with the
Czochralski method from a silicon melt, the melt being
contained within a hermetically sealed chamber of a crystal
puller wherein an atmosbhere is. maintained over the melt, the
process comprising:

adjusting a gas pressure of the atmosphere to a
value in excess of 100 torr as the single crystal silicon rod
is grown from a melt cowmprising silicon; and,

aspirating vapors and particulate away from the
melt.

In accordance with a second aspect of the invention,
there is provided a process for removing vapors and particulate
genérated during the production of a single crystal silicon
rod which is pulled from a silicon melt in accordance with
Czochralski method, the melt being cohtained within a

| hexrmetically sealed chamber of a crystal puller wherein an
atmosphere is maintained over the melt, the process
comprising:
purging the atmosphere within the crystal growth
chamber radially outwardly of the perimetexr of the open top
of the crucible with a first curtain of purge gas to remove
vapors and particulate away from the surface of the melt, and
purging the atmosphere within the-érystal growth
chamber radially inwardly of the perimeter of the 6pen top of
the crucible with a second curtain of purge gas to remove
vapors and particulate away from the surface of\the 5111con

rod and melt. , REPLACEMENT SHEET ;l
16 APR 2001
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= of the crucible with a first curtain of purge gas to renove vépors and
particul ate away fromthe surface of the nelt, and purging the atnosphere

within the crystal growth chanber radially inwardly i f the
open top of the crucible with a second curtain of p %BLSEEW@T"@EEE
vapors and particulate away fromthe surface of thelsilicon rod and]nglt.

8. The process as set forth in claim7 wherein the Vel oq SyApR zgmga
fromthe second curtain is less than that e4 the fifs§ curtain. 9. A

crystal puller apparatus having a purge systemfor (s

has

/apor s

and particul ate generated during the production of g si ngre crystal sflicon

rod having a radius and which is puIIed froma silicon nelt

i n accordance

wi th the Czochral ski et hod, th éﬁ a% ﬁg:]ec@r oRPPRE AL AkFerfi,i Si NQ: 21

a shel |l enclosi 3§ acqeFdaRcs H’&-It

there is prov1dedaacrystal puller apparatus having a purge system

for use in removing vapors and particulate generated during

the production of a single crystal silicon rod having a
" radius and which is pulled from a silicon melt in accordance
with the Czochralski method, the crystal puller apparatus

comprising:

a shell enclosing a volume including a crystal -
growth chamber, the shell being capable of substantlally

maintaining an atmosphere therein;

a cruclble for containing the silicon melt, the
_crucible having a central axis and being mounted for rotation
about the central axis within the crystal growth chamber;
a heater for heating the crucible and melt

contained therein;

a crystal pulling mechanism including a seed

crystal pull cable connected to a supporting structure

' capable of raising a seed crystal for pulling the single

crystal rod from the melt;

a purge system comprising a purge gas delivery

structure positioned within the crystal puller apparatus

shell and having at least one gas outlet positioned for

delivering high velocity gas in a stream located radially

outwardly from a radially outer perimeter of an open top of
the crucible and directed generally downwardly in a curtain

generally around and spaced from the central axis of the

crucible and radialiy outwardly from the radially outer

perimeter of the open top of the crucible, whereby the stream

of high velocity gas can create a region of low pressure

relative to the pressure above the center of the crucible

" whereby vapors and particulate are aspirated radially

outwardly from the surface of the silicon rod and away from

above the center of the crucible toward the stream of gas;

and



* growth chanber, the shell being capable of substantially nalntalnlng an.
at nosphere therein; a crucible for containing the si - :

cruci ble having a central axis and being nounted for
central axis within the crystal growh chanber; a hef
cruci ble and nelt contained therein; a crystal pullifggr
a seed crystal pull cable connected to a s@pporting ft
raising a seed crystal for pulling the single crysta

the crystal puller apparatus shell and having at |ea€
positioned for dellverlng hi gh velocity gas in a streanllocated radi al
outwardly from a radiexhapsdumrertperineihe shekh Epenraspase ofcpurgei ghs

o 1 he. c S SABER Ml HMALEN 4 L S PREEBLLY oL DURT AL, SPacec

radi al |y oshedlperinmeter of the open top of the crucible, whereby the
stream of high _velocity gas can create a region of |ow pressure

Brief Description of the Drawings

FIG. 1 is a _schematic, sectional view of a crystal
puller having a Czochralski crystal growth chamber in
accordance with the embodiment of the present invention;

FIG. 2 is an enlarged, fragmentary sectional view of
the crystal puller of FIG. 1;

FIG. 3 is a bottom plan view of a cap used in the
crystal growth chamber;

FIG. 4 is a fragmentary, sectional view of a crystal
puller showing an alternate embodiment of a purge system;

FIG. 5 is an enlarged, fragmentary view of a view
port of the crystal puller showing baffling of the
present invention;

'FIG. 6 is a bottom perspective view of the view port
baffling with parts broken away to show internal
construction;

FIG. 7 is a top plan view of the view port with
parts broken away to show internal construction; and

FIG..8 is a chart illustrating the axial oxygen
contents of three silicon rods produced using the present
invention, as well as the range of axial oxygen contents
obtained using conventional pressure conditions.

Corresponding reference characters indicate
coiresponding parts throughout the several views of the
drawings.

Detailed Description of the Preferred Embodiments
Referring now to FIG. 1, a Czochralski crystal

puller constructed in accordance with the principles of
the.present'inVention-is indicated generally at 1. The



‘relative to the pressure above the center of t he cru0|bbe~wheFe§§r¥apwu;_
and particulate are aspirated radially outwardly from t HEEPLACEMENT QHEET
silicon rod and away from above the center of the cruciljl §Toward the -
stream of gas; and exhaust ports in the shell for passage oﬁ BUAEE g@ F
vapors and particul ate entrained therein out of the shelfl } T0." Tf is a

pul | er apparatus as set forth in claim9 wher¥? n the purgé

structure conprises a . 22 plurality of purge gas nozzljes | ocated at

angul arly spaced positions around the centr@l, s of theTrucrbtre—ttr—Fhe
crystal puller apparatus as set forth in clarm wherein the purge gas
delivery structure conprises eneral | annu as mani fol d, the
purge pas nozzles ext'-bndlzhgpﬁ‘a r@?ré%?ﬁ% gf@ ] PZFoﬁtFF‘;FsP% a

pul I er appadfidite asrpftal 0iDiédn rod pulled in accordance with the
Czochralski method from a silicon meit, the melt being
contained withih a hermetically sealed chamber of a crystal
puller wherein an atmosphere is maintained over the melt, the
process comprising: '
_ adjusting a gas pressure of the atmosphere to a
value in excess of 100 torr as the single crystal silicon rod
is grown from a melt comprising silicon; and, |

aspirating vapors and particulate away from the

melt.

2. The process as set forth in claim 1 wherein the
melt contains a dopant selected from the group consisting of

arsenic and antimony.

3. The process as set forth in claim 1 wherein the
gas pressure of the atmosphere is adjusted to a value of at
least about 250 torr.

4. The process as set forth in claim 1 wherein the
gas pressure is progressively increased as the fraction of

the melt solidified increases.

5. The process as set forth in claim 4 wherein the.
progressively increasing gas pressure exceede about 50 torr
aftef about 25 percent of the melt has solidified, about 100
torr after about 60 percent of the melt has solidified, and
about 200 torr after about 75 percent of the melt has
solidified. '

[T



: cIa|n19 wherein the curtain of purge gas constitut MTCRLERT
wherein the purge gas delivery Etrgctgre IS furth«lﬂipﬁAc MEN&HE
the streamof gas in a second curtain generally afofin spaced] f

central axis of the crucible, the second curtain pe ng G&&%m gengral ly

radially inwardly of the first curtain, the first{a second curtpi

cooperating to aspirate vapors and partlcgdﬂealn t he at nosphere o

top of the crucible radially outwardly away from over—+ke~t-op.0of |

crucible. 13. The cry ta‘rhgugh:%e%@.p%rsaté& For88l froréTain Tl wherdZnibheei n

the second curtain of purge gas is disposed radially inwa rdlg froma

ra?:ally ogaerppessnEEeofotheh@tap§@hﬁﬂ?(ﬂvqnu¥hﬁLm?%Felslﬁ JygEedr §8t a

pul I er apparg tus,as R [ f t app of

purge gas P& 8F35838§§b5%ga E?’ou%xg‘ fronﬁg4%£ﬁéﬁliﬁ%uf§$§%e?Fneter of

the open t apoat fLhetor abblite 171FPMFhe crystal pul | er apparatus as set forth

in claim14 wherein the purge gas delivery structure further conprises a

means defining an annul ar passage above the

7. A process for removing vapors and particulate

generated during the production of a single crystal silicon
rod which is pulled from a silicon melt in accordance with
Czochralski method, the melt being contained within a
‘hermetically sealed chamber of a crystal puller wherein an
atmosphere is maintained over the melt, the process
comprising: '

purging the atmosphere within the crystal growth
chamber radially outwardly of the perimeter of the open top
of the crucible with a first curtain of'purge gas to remove |
vapors and particulate éway from the surface of the melt, and

purging the atmosphere within the crystal growth
chamber radially inwardly of the périmeter of the open top of
the crucible with a second curtain of purge gas to remove
vépors and particulate away from the surface of the silicon

rod and melt.

8. The process'as set forth in claim 7 wherein the
velocity of purge gas from the second curtain is less than

that of the first curtain.

9. A crystal puller apparatus having a purge system
for use in removing vapors and particulate generated during
the production of a single crystal silicon rod having a
radius and which is pulled from a silicon melt in accordance
with the Czochralski method, the érystal puller apparatus

comprising:

O
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*23 cruci ble, said annul ar passage neans deliveri
cylindrical streamformng the second curtain.
apparatus as set forth in claim12 further conpf} $
crystal pulling chanber, the cap being heated t
vapors on its surface and bei ng | ocated aboy.
shi el ding portions of the crystal puller appar. )
vapors and particul ate i,n her d
17. The crystal puIIé? %&%%? ?ﬁé %Pné 8 b&?ﬁgé 4

conpri si ng drowtehy gloambén) otlya shelbhbéingocapabmengftBabstyQEMah&g| i ng
chanber, the view port including a tr arent. wi ndow seal ingly nounted in
the port, zﬂﬁfﬁﬁﬁ*ﬁ) ?%cTHH?ﬁéhﬁ?ﬁlﬁﬁﬁg?} $7of thin baffles nounted |
generally in a space ap@fmcihbe fOrfecﬁtaﬂhathﬂhedpaaaubntumﬂme e port,
t he spaci ng bet n acent baffles being_selected to n from
t he atnnsmﬁﬁQFﬁ%B% ¢ﬂP%r%c?%? ?ﬁlﬁe?ﬂgtgﬁﬁﬁgvpg & %%5h%ﬁi€i

baffl es intghout the central axis within the crystal growth chamber;

a heater for heating the crucible and melt
 contained -therein; '
' a crystal pulling mechanism including a seed
crystal pull cable connected to a supporting structure
capable of raising a seed crystal for pullihg the single
crystal rod from the melt; _

a purge system cémprising a purge gas delivery
structure positioned within the crystal puller apparatus
shell and having at least oﬁe gas outlet positioned for
delivering high velocity gas in a stream located radially
outwardly from a radially -outer perimeter of an open top of
the crucible and directed generally downwardly in a curtain
generally around'and spaced from the central axis of ﬁhe
crucible and radially outwardly from the radially outer
perimeter of the open top of the crucible, Whereby the stream
of high velocity gas can create a region of low pressure
relative to the pressure above the center of the crucible
whereby wvapors and pafticula@e-are aspirated radially
outwardly from the surface of the silicon .rod and away from
above the center of the crucible toward the stream of gas;
and -

exhaust ports in the shell for passage of purge gés
and vapors and particulate entrained therein out of the
shell.

10. The crystal puller apparatus as set forth in

claim 9 wherein the purge gas delivery structure comprises a
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‘the crystal pulling chanber thereby to protect the view port wi ndow from
deposits of naterial fromthe atnosphere. 18. The crystal puIIer appar at us
as set forth in claim17 further conprising a view port purge gas injector
for injecting purge gas into the view port outwardly of the baffling, and
wherein the baffling conprises a frame supporting the baffles and nounted
in the view port to block the flow of gasigzthe vi ew port except through
the baffles so that purge gas injected int he. vi ew port outwardly of the

baffles fl A8t f i Ly nber

at msphere%\@erg’f%% ﬁﬁ'u?é ﬁfﬂ{%za éj%?%gn‘g%%ér]%n%wéﬁ \]/'vggthjgp% y t he
frame out wanadiyt ieing eround Ahmfdentsrathdaximer fll yhef Crhelbﬂ-ansparent wi ndow
for blocking the atnosphere fromthe transparent w ndow. :

11. The crystal puller apparatus as set forth in
claim 10 wherein the purge gas delivery structure comprises a
generally annular purge gas manifold, the purge pas nozzles

extending downward from the manifold.

12. A crystal puller apparatus as set forth in
clalm 9 wherein the curtain of purge gas constltutes a first
curtain and wherein the purge gas delivery structure is
further constructed to deliver the stream of gas in a second
curtain generally around and spaced from the central axis of
the crucible, the second curtain being disposed generally
radially inwardly of the first curtain, the first and second
curtains cooperating to aspirate vapors and particulate in
the atmosphere over the top of the crucible radially

outwardly away from over the top of the crucible.

13. The crystal puller appa;atus as set forth in
claim 12 wharein the second curtain of purge gas is disposed
radially inwardly from a radially outer perimeter of the open

top of the crucible.

14. The crystal pulier apparatus as set forth in
claim 13 wherein the first curtain of purge gas is disposed
radially outwardly from a radially outer perimeter of the
open top of the crucible.

15. The crystal puller apparatus as set forth in
claim 14 wherein the purge gas delivery structure further

comprises a means defining an annular passage above the
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crucible, said annular paésage means delivering purge gas in
a generally cylindrical stream forming the second curtain.

‘ 16. The crystal puller apparatus as set forth in
claim 12 further comprising a cap mounted in the crystal
pulling chamber, the cap being heated to prevent condensation
of vapors on its surface and being-located above the top of
the crucible and shielding portions of the crystal puller
apparatus above the crucible from vapors and particulate in

the atmosphere immediately above the crucible.

17. The crystal pullér apparatus as set forth in
claim 12 further comprising a view port through the shell for
viewing the crystal pulling chamber, the view port including
a transparent window sealingly mounted in the port, and
baffling including a plurality of thin baffles mounted
generally in a space apart face-to-face relation adjacent to
the view port, the spacing between adjacent baffles being
selected to stagnate gases from the atmosphere above the
crucible while permitting viewing thr@ugh the baffles into
the crystal pulling chamber thereby to protect the wview port
window from deposits of material from the atmosphere.

18. The crystal puller apparatus as set forth in
claim 17 further comprising a view port purge gas injector
for injecting purge gas into the view port outwardly of the
baffling, and wherein the baffling comprises a frame
supporting the baffles and mounted in the view port-to block
the flow of gas in the view port except through the baffles
so that purge gas injected into the view port outwardly of
the baffles flows between the baffles for purging the crystal
pulling chamber atmosphere therefrom, and a sacrificial

transparent window supported by the frame outwardly of the
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baffles and inwardly of the transparent window for blocking

- the atmosphere from the transparent window.
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