WO 2006/ 009802 PCT/ US2005/ 021369 1 A MELTER ASSEMBLY AND METHOD FOR CHARG NG
A CRYSTAL FORM NG APPARATUS W TH MOLTEN SOURCE MATERI AL Background of the

I nvention [0001] This invention relates generally to a nelter assenbly for
melting solid silicon, and nore particularly to a nelter assenbly and net hod
for chargi nWOR006/00%0%| forning apparatus with mol ten sRFEESAROIBL | [0002]
Single crystal material having a nnnoc?ystalline structure, which is the
starting material for fabricating many electronic conponents such. as

sem conductor devices and solar cells, is commonly prepared using the

Czochral ski (" 6z ieL#BRhAGsmEsIeTAND dameioDbedR EHARGEZNG K abmdeTaTRt hod

ol yeryat al i ne s, FPERRNG. Serherdd o MRk aapRe Bemtbdl 00 cu 2
pol ycrystalline si q ocated in a
specifically designed furnace to forma silicon nelt. An inert gas such as
argon is tﬁ@é}%dﬁi%c%ﬁt eyt pygh the furnace. Arelatively small seed
crystal is re—t e T on a pulling shaft which can raise or

| oner the sERRPBryst FhisThavertien| kelatesgenegadry tRe2sBRULRF ystal is

Ibovv_er ed i nt@slsé‘nﬂﬂlyaffbr\/\?nhhltihg a%i@rsﬂildoegtnﬁha htﬂfecpﬂﬁtlﬂ!:@ldﬂﬁdftd Pe tseted
egins to nelt,. it is s y_W.t hdr.a ro e.nolten__ s con_and starts to
grow, draw %d“és]itﬁrc@ﬁsfpgwyt ﬁﬁdnﬁ?‘ih‘\"@a{%& gr%ﬁchygﬁ?ﬁ%eP%Waiunﬁ ure.

[ 0003] Lar gapparmbtuspelifbr pol behi seuseerinadetielor structures suitable for use
as the Startédﬁh]”ate%ﬁﬁglgogg§96alpﬁéEB¥¥5I3%a93n§ohaﬁoﬁ8$f§s€ﬁlfﬁﬁg”

el ectrical conponents may. Gk roduced by variouyS_other grogesses known in
the art. AsStTHGYIYere WBASBNAE SRE REATGIY MBERTAPLeLRE FIRTHFRIH Ees i ncl ude

vari ous apphdmf slddtaioniti tb@pofight £ nswwiiifae seidtendattée. gevitds g to

produce a sgljd crwstall.in o) (&, ' t o L n Vi ng desired
el ectri cal Q%%%%ucc%iﬁgﬁ 6?0%&?‘%%? éﬂ%aﬂﬁ:%%esslg sgggﬁcf‘ﬁcﬁﬁ%]é% ock casting
whi ch ent ai (%C%1) Imetdod .coBaieflyi descyibad nheefzoshratshi ametkad owi ng t he

mol ten siligfolvesldidiihy BBlyEeyStaf R Wo¥eeahhtBeiROd¥uchngs her process,
comonl y known ahs, . cq cq s .
granular or chunk polycrystalline silicon ("polysilicon") 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 shaft which can raise or 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

\ having a monocrystalline structure.

) [00013] Large grain polycrystalline semiconductor
structures suitable for use as the starting material for the
production of solar cells or other electrical components may
be produced by various other processes known in the art. As
with the Czochralski method, such alternative processes
include various apparatus that utilize molten source
material (e.g. silicon) to produce a solid crystalline body
(e.g. ingot, ribbon, etc.) having desired electrical
conduction propefties. Such processes may include block
casting which entails filling a cold crucible with molten
silicon and allowing the molten silicon to solidify and form
a polycrystalline body. Another process, commonly known as,
the Edge-defined Film Growth (EFG) method involves growing



t he Edge-defined Film Gowh (EFG nethod involves grow ng WO 2006/ 009802
PCT/ US2005/ 021369 2 holl ow crystalline bodies in diverse shapes of
controlled dinensions by using capillary die nmenbers which enploy capillary
action to assist the transfer of nolten source material froma crucible to a
seed cryst A/02WHM8I%d to a pulling apparatus. Al so, v ECTHS20PHBON gr owt h
met hods exist that involve the gromh*of a generally flat «crystalline

ri bbon structure that is pulled fromthe nelt of source naterial. 10004] The
various existing nethods for formng sem conductor material for

sem CO“dUCtl%llfiﬁ-)/'&%%t%ﬂqlﬁﬁ' Bbdié®! 1P divkixeR! 'slﬁab@%' geechhersifgy of melting
granul ar po] licon directly in a crucjible or a charge of nolten

silicon to & % Ytﬂélﬂﬁaﬁﬁetk JY S | eﬁﬁaﬁﬂga licon directly
in a cruci btepilddiatactiion pol ¥ssiscothe strrarrmffe&abhfymbugéhysqnwcae

ohydr o9enahftr iy 168, b cE BRSSP Lfled [OUSHR, EELRBSEESTL gl ogen

during nel atte Cr ucl e cause con e os It on the
vari ous cor‘@bﬁéﬂ'& a@lpatméiulﬂot adae, oraninus gipben QFQWhhnge@H% atus and may

result in léEE)LHti tiRt lifvoike BHE! §fowtl Yila YendaEnd9 E2athe graphite and

hem ol VAP OIS FAPOLEVES FUF R diPat il Bl TP ER o B R R A

conpari son $muruHemauanﬂdly avai l abl e CVD polysilicon that is not
dehydr ogenaF(%M rnd .Ilhtes v‘é%?oﬁgdéxlé’tiﬁé% MGt iFRR §85h$nQf silicon wafers

or other ectrical conponents_produ the various nethods.. (0005]
Addi ti onal QEN*QRQQHQQOIaWGtﬁEéH&nf@éjSQWkHQQQEStOFégﬁV#cFFoﬂ?@rﬁP#ﬁﬂt| ng of

solid pol ys¢é1rs)rtyp1dahq}rnahaluaéuewlﬁtéﬁ dﬂlﬁleqlt)iﬁbabr&ﬁﬁﬂafig apparatus. For

e LIRS hATRRLER SaErl, WEpRel e con due o

silicon. Ameltemlsiligogoltiodapekysibleon Orien drlabagknofrwelbirgis tine

consumi ng tg’P&rﬁﬁ’Hﬁ’ PAPiNiRen d2rdEelPuis 4%1%11&)1@ %bn%stZéQe kg (551 Ibs)

char ge of oi I con., Further, the t'hermal stresses S, ot htchem cal

55 },111con is preferably highly pure, dehydrogenated

silicon to reduce splatter from the release of hydrogen

during melting. Splatter in the crucible causes silicon to

deposit on the various components of the hot zone of the

crystal forming apparatus and may result in impurities in

the pulled crystal or damage to the graphite and silicon-

carbide coated graphite components in the hot zone.

Dehydrogenated chemical vapor deposition (CVD) granular

polysilicon is expensive in comparison to more readily

avallable CVD polysilicon that is not dehydrogenated, and

its use adds to the production costs of silicon wafers or

) other electrical components produced by the various methods.
[0005] Additional operational and mechanical problems
result from the melting of solid polysilicon in the main
crucible of the crystal forming apparatus. For example, a
large amount of power is required to melt the polysilicon
due to its high thermal conductivity and high emissivity
relative to liquid silicon. Also, melting solid polysilicon
in the main crucible is time consuming typically requiring
15-18 hours to melt a single 250 kg (551 lbs) charge of
polysilicon. Further, the thermal stresses (both chemical
and mechanical) induced in the crucible by exposure to the
high melting temperatures required to melt the solid



and nechanical) induced in the crucible by exposure to the high nelting
tenperatures required to nelt the solid WO 2006/ 009802 PCT/ US2005/ 021369 3
polysilicon cause particles of the crucible walls to be |oosened and

suspended in the nelt resulting in lower crystal qualit ure
failure of VYRE%UOMBIble. A so, the cr?m bl e is subject g*@%qg@@ﬁlgﬁ!f cal
stresses from the loading of solid polysilicon particles that frequently

scratch or gouge the crucible wall resulting in damage to the crucible and
renoval of particles fromthe crucible walls that may contam nate the

silicon rrelgol@rgdlabsnbegueé }_féﬁﬂﬁ@st e eheoByrub 9906  walerd aits py i or art

nmet hods have atte g e#n&nat%the quire gt of Itlng pol ysi licon
in a crucilfosen ?ﬁpgﬁ pPREPERTE |688“g€ VY dthg FE auxiliary
cruci bl e farysthii ggal bty pahg sprematurieofatiédrabofethe herwaibilecr uci bl e so t hat
gravity Teqd o t Rng cPhbiBil 45 Suledtelld %eageﬁanpe Sé%fe@éhéso‘mmol ten

silicon to e n cru durin fowt h. These existing
prior art rdten3d@addpanef eplidirakysilifen gar kF}eﬁe¥¥a¥rﬁ¥EQHﬂqq}YpolyS|I|con
and do not doaraitehebrt 56u§8|tl@éi Ghldisae twant hésﬁﬁtﬂn@fmld&tﬁagmt@ manner that

reduces nel splatt the hot. z rjm ng
appar at us. ruc&ﬁé e§P§t¥?EF$ﬁﬁ gpga% FspF |d§hg qand econom ca
way of km&ﬂW&k}ﬂlﬂbaSOWaE pohyamina the sedmsennmeltr@pduwhﬁ kagiessncr ease the

t hroughput gQfrrielde thby¥ekabmf Ormng apparatus. Therefore, a need exists for a

met hod of ﬁgﬁ&!ylng nolten silicon to a crystal form n appar at us t hat
qui ckly and C|enyPylﬂE?tEr¥?ﬁe%ﬁﬂ|m§t589§ PVﬁoﬂtE ted di¥fers the nolten
silicon to dhimimate thecréfeioémérite ofapedttdhyspobyai Wiyon hid & educes splatter

and T Al UBhERY BLLAPQFE YN ShELGRR SEdSLAng SRV of (he

| nvention [ evera objec may be noted
t he prOV|s|%ﬂ$kﬁ1a§YsFFPééhlﬁe¢QEwmQ%iiﬂﬁbK@eaﬁélwé%hBGOHoloQﬂiéﬁhﬁﬂﬁwethat

facilitat exHdthaGAeuBIbDE Fo CENEY Yravii@fTEBEdARNPER AbH SwitRIutRIdeen silicon
source naterfeglfferentlal pressure allows molten silicon to flow into
the main crucible during crystal growth. These existing
prior art methods do not efficiently and guickly melt the
solid peolysilicon and do not transfer the melted silicon to
the main crucible in a manner that reduces melt splatter on
the hot zone parts of the crystal forming apparatus. Also,
the existing methods do not provide a quick and economical
way of heating the solid polysilicon to reduce melting time
and increase the throughput of the crystal forming
apparatus. Therefore, a need exists for a method of
supplying molten silicon to a crystal forming apparatus that
quickly and efficiently melts the solid polysilicon and
transfers the molten silicon to the main crucible of the
apparatus in a way that reduces splatter and maintains the
quality of the resulting silicon crystal.

Summary of the Invention

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



provi sion of such a nelter assenbly and net hod that WO 2006/ 009802

PCTI US2005/ 021369 4 increases crystal yield and throughput; the provision of
such a nelter assenbly and nethod that increases quality; the provision of
such a nmelter assenbly and nethod that allows for rapid heati f solid
silicon; thBOBPBOPEIL,L of such a melter assenbly and et bz?'%&?l%gﬂ | ows for
the controlled heating of the silicon; the provision of such a nelter
assenbly and nmethod that reduces nelt splatter caused by adding nelt to the
crystal formng apparatus; the provision of such a nelter assenbly and

met hod _thatirfcwa%gscr@aealS?i@i&sar@%zéﬁgngﬁu ERL abE&FiERMs Sk by adding
polysilicon tqQ a reservoir o fnbéﬁy si |icon; an? t he grOVI€ELM1.0f such a
mel ter assetHiR BaAglhernBaSERALY merieg fhah tprpease? y a4 1% ni ng

appar at us viiHeh prosiisgba ofiebteh . a [MHIGRr assgmbdyahndthetipp@sEt | nvention is
directed t lter INQ s &z rg f i rce

mat eri al tgalgmé’[rgiﬁ"% r?%?%nﬁ%é{%{)%%rﬁj%gﬁ?hgl%ﬁggf E%és)s%%{/&cfn%lrfi ses a
housi ng anduYsrBumedter| agaevlly rpataethodsithgt Alhews efo¥ stRf sposed rel ative

tT ﬁ t he crug?&hﬁ:d‘l%d Hﬁhltzii.ﬂg é@'titlge Sélllri%trﬂalﬁ:ﬁ?ihﬁk?{rﬂﬁﬂéﬁeﬁf:sgudlh%, cruci bl e.
e Ccruci as a no e aga contr e w. of nmplten saurce
material s éiﬁﬁﬁé?sgeﬂﬁﬁgc?ﬂ $#€k?éﬁ{qﬁ% F@ﬁu§85r@8£ nBPE3FRFT | BYEShlied to
t he appar atiys asidimgsekdtt ed fhevcrystiad fod0(d9y appanatuer epect of the

i nventi on, { rgi E%ﬁkﬁ% I MM idd:c@n i S
provi ded. %%@r?g%%ogffi ﬁg gdgsﬂg)ﬁg&ﬁt ep o 1?2%%% ﬂé&%ﬁdﬂ%@?%ﬁﬁﬁfﬁ% of the
crystal puldngd igslagesgduspupnd ieth ARt terofRRSPEVRY aéﬁhﬂﬂrug of the

CL ysfal pULﬂ)cﬂ[yeliﬁfi!c&hniﬂoaagfféﬂéhvﬁmrﬂlﬁrmolAen_”Bh‘.tLQ&oﬁ$Seﬁdﬂtyhé_S ?t_tachefl tg
t he | ower usi.ng in ce. 0 t he upper usi.ng. rge eri is nelte
i the el (2o e of 868nCh bl Mokl uRE. nSPHRATAIRE LA DT e
assenbl y t orechangs pudtipdat edysbal hkormivgr apparhbys withhe singkeal forni ng

apparatus theyredyy to forma nelt in the crucible for growing a
nonocr yst al Ht{]oesli ngo

&h general, the present invention is directed to a
melter assembly for supplying a charge of molten source
material to a crystal forming apparatus. The melter
agssembly comprises a housing and a crucible located in the
housing. A heater is disposed relative to the crucible for
melting solid source material received in the crucible. The
crucible has a nozzle adapted to control the flow of molten
source material such that a directed flow of meclten source
material is supplied to the apparatus at a selected flow

rate.
{0009] In another aspect of the invention, a method of
—) charging a crystal puller with molten silicon is provided.

The method includes the step of removing an upper housing of
the crystal puller defining a pulling chamber from a lower
housing of the crystal puller defining a growth chamber. A
melter assembly is attached to the lower housing in place of
the upper housing. Source material is melted in the melter
asgsembly. Melted source material is delivered from the
melter assembly to a crucible located in the lower housing
of the crystal forming apparatus thereby to form a melt in
the crucible for growing a monocrystalline ingot.

[0010] In yet another aspect, the present invention is
directed to a melter assembly for supplying a charge of



[0010] In yet another aspect, the present invention is directed to a nelter
assenbly for supplying a charge of WO 2006/ 009802 PCT/ US2005/ 021369 5 nolten
source material to a crystal form ng apparatus for use in formng
crystalline bodies. The nmelter assenbly conprising a h ' cruci bl e
| ocated in YR ‘Pf@ﬂgﬁ ﬁg A heater is disposed relative W%O@}’gkﬁ%l e for
nmelting solid source material received in the crucible. A susceptor

supports the crucible and pronotes heating of the solid source material in
the cruci ble. The susceptor has an upper portion and a | ower portion that
are spaced m@iden ts@u&beWatéﬁﬂ@pe&tdwcx@%bnoEoeﬁuh@eappﬁﬁus [fHL1] In

anot her aspect .of the.inventio aI form ng

appar at us JH%?1HHMQQEngguFE¥Bt7&&%ﬂ%ﬁ%o %?Bprogﬁﬁ gi?%% % ncl udes the
steps of puwipriiednggaahoebing asd enidmuaidlet lecatedt e bhg/shqnsiﬂgorm ng
appar at us fomdlgld, &r' B sgebé&nréialﬂw te the erieible for the@RRar atus. An

upper heating coil nelter assenbly 1s operated to nelt source
material irP 1qn§QHrﬁ§ EPGEFb?% r?F?%ﬁ&Q‘1ﬁe§PPn§rES?Pl?n theSYRISRACT assenbl y
I s oper at edsuppcitlsOWheokiraBibDelr £16d fickictels heai;hﬁg/ of htleigdolaid ori fice of

h I I | i, f h
cruct bl o of RET SAFERARL Sinihg iSRG e, THRobIPoRREEE Al alinet® of "t e
i nventi on, Rpﬂﬁﬂﬂmodndfa dower cpoxt inn ttihdte agey spared orpanly @mﬁ%ﬂﬁﬁUs with a

single nel{fferarMR! ¥oht r8i O¥f ekl ﬁgyieqethod includes the steps of
positioning the nelter assepbly relatlvegy I rst st al (f&ging

appar at us f 194 |veFPn§nﬁﬁP?€na§???QxﬂF € 1n¥FBEFBPe RO

appar at us. dhdugﬂng‘a nrybeamefbrm1ng&appdﬁa¢usswmphrmbbdemosmmﬂdesource

mat eri al i It e. t r tegial is

del i Ver ed q? ?Evgggéenﬁfhélﬁﬁﬁ- P?g%hgg éﬁglngg?cﬁ% appar at us.
The nel ter E&ﬁ#ﬁﬂ&ﬂ}nﬂsap@@ﬂ?ﬁﬁn@%5¢@9kﬁ|Rﬁ§ﬂ§éva t§eébﬁd¢€¥§@ﬂ¥ﬂ form ng

appar at us fmrrmig \epparatiBl £8P asiiverdhd modtenushbl éonftd he second

apparatus. & glieam ¢ IoLLED, seur oo JRLGLLAl L LLansef " £F fgom the mel ter

melter assembly is operated to melt source material in a
melting crucible. A lower heating coil in the melter
assembly is operated to allow molten source material to flow
through an orifice of the melter assembly to deliver a
stream of molten source material to the crucible of the
crystal forming apparatus.

[0012] In another aspect of the invention, a method of
servicing multiple crystal forming apparatus with a single
melter assembly is provided. The method includes the steps
of positioning the melter assembly relative to a first
crystal forming apparatus for delivering molten silicon to a
crucible of the first apparatus; A heater in the melter
asgembly is operated to melt source material in a melting
crucible. A stream of molten source material is delivered
from the melter assembly to the first crystal forming
apparatus. The melter assembly is positioned relative to a
second crystal forming apparatus for delivering molten
silicon to a crucible of the second apparatus. A stream of
molten scource material is transferred from the melter
assembly to the second crystal forming apparatus.



assenbly to the second crystal form ng apparatus. WO 20061009802

PCT/ US2005/ 021369 6 [0013] O her objects and features of the present
invention will be in part apparent and in part pointed out hereinafter.
Brief Description of the Drawings [0014] Fig. 1 is a schematic vertical
section of WOHI608#802 5ssenbly of the present invention; %%ﬁosﬂg’g”ﬁgz is a
schematic fragnentary section of a prior art crystal form ng apparatus in
the formof a crystal puller; [0016] Fig. 3 is a schematic fragnmentary
section of the nelter assenbly installed on a | ower housing of the crystal
pul l'er; [0O0fofl13fi 9. éthéracBféer@tda Rialtugak sec:then?ﬁ@éuwg the melting
cruci bl e, a susceptor, gng I pduction coils seggrate ronllq$(ﬂnl er
assenbly; [OUESiEAGWidL; Be 10 RRLY jaPAFeREL AR LB eBRET PRI TS h Y er uci bl e,
and i nduct ilmredmafseseparate fromthe nelter assenbly; [0019] Fig. 6 is a
cross-section taken along the plane including line 6--6 of Fig. 5; [0020]
Fig. 7 is a cross-section taken along the plane including line 7--7 of Fig.
5; [0021] mMyiefs DescxdpEianoabdthe B awindgecti on of the susceptor; [0022]
Fig. 9 enl ajgma]f r agpegt aryisest seemdt iidheeitlithDgse6t L6h £ = hmiteg a
nozzl e; [OOEIZE}?%JE Iﬂlg(. C%O .E‘S a_schemafic vertical section simlar to Fig. 4 but
show ng the ST g r Fb?ﬁe%%li“hglqleﬂ e®Mith solid polysilicon froma
feeder; [00M0P1Sdi g. Figi-s2aigiawschendtic tfragmgntadybsecsiomiafya initi al

mel ting of soldd el Y:%Ylstﬁﬁ?”fbi‘mitl@ arffﬂazfams ¢hUeh8! Eorh 092N dhatallA is a
view simlar to Fig. 11 but show ng urther nelting of the soli'd polysilicon
in the nel tR4¥g-%r uci bl e:

[0016] Fig. 3 is a schematic fragmentary section of the
) melter assembly installed on a lower housing of the crystal
/ puller;

[o017] Fig. 4 is a schematic vertical section showing the

melting crucible, a susceptor, and induction coils separate
from the melter assembly;

[o018] Fig. 5 is a elevation of the susceptor, melting
crucible, and induction coils separate from the melter
agssembly;
[0018] Fig. 6 is a cross-section taken along the plane
including line 6--6 of Fig. §;
[0020] Fig. 7 is a cross-section taken along the plane
including line 7--7 of Fig. 5;
[0021] Fig. 8 is an exploded vertical section of the
susceptor;

~) [0022] Fig. 9 enlarged fragmentary section of the melting

crucible showing a nozzle;

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

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

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

further melting of the solid polysilicon in the melting
crucible;



WD 2006/ 009802 PCT/ U52005/ 021369 7 [0026] Fig. 12 is a viewsimlar to Fig.
11 but showing still further nelting of the solid polysilicon in the
melting crucible; [0027] Fig. 13 is a viewsimlar to Fig. 12 but show ng
the addition of solid polysilicon feed into the nelting _cr 0028]
Fig. 13A isWQ260088% m1ar to Fig. 13 put showing furtH&™ "hjﬁffp'%ogﬁﬁ%f solid
polysilicon in the nelting crucible; FOOZQ] Fig. 14 is aviewsimlar to
Fig. 12 but showing further nelting of the solid polysilicon in the nelting
crucible; [0030] Fig. 15 is a viewsinmlar to Fig. 14 but showing liquid
silicon flopgougit hrowgh.t he outhediaf diva1ae! tbngigCrutibhe stwhirge addition
cruci,ble: [003 Fi g. IS a view

f lid I I feed ipto th

gin?FaL tgqﬁﬁéh-%§ogBFegﬂ83ﬁh§9 The Q?Hﬁﬂﬁ?Poﬁo Hsﬁi}foﬂef Qh?n the nelting
cruci bl e; nelg32ig Ergcibleis a viem13|n1lar to Fig. 15 but showi ng an
alternate efpdijment gqf t hg HE'%'@Qev?réi%ﬁ'a% t509§§1 fﬁ%u@%ﬂ&vi%g%he”at'c

section of a nelter anot ner odl_nen resent I nvent i on;

[0034] Fig. tq§9q49¥§1@ﬁlQﬁg§8¥1¢rE@ﬁﬁﬁﬁ%ﬂ?F”S@ﬁ@ﬁaﬂPE° EBEtW L9 a nel ter
assenbl y ofcansiibler; enbodi nent of the present invention; [0035] Fig. 20 is a

schematic ofofdiel ter,gseuRl Yool LANPUIG IGO0 BP0 24 Lhe MLEAS

I nventi on; ] Fi 1921 an exp*ode SécC e nel I ng “crucible
of the enmboflrtder gelripg o6; spbd3Polvsglizon ip shechehbing section of one
version of cgudilile;fl ow guide; [0038] Fig. 21Bis a schematic section of a

oerron or by ' elreh bR B rata bl bl ST b eRReE
PCTI US2005/ D233 melting of the solid polysilicon in the melting
') crucible;
[0030] Fig. 15 is a view similar to Fig. 14 but showing
liquid silicon flowing through the outlet of the melting
crucible and the addition of solid polysilicon feed into the

crucible;

[0031] Fig. 16 is a view similar to Fig. 15 but showing
- the reduction in melt height in the melting crucible;

[0032] Fig. 17 is a view similar to Fig. 15 but showing

an alternate embodiment of the melting crucible;

[0033] Fig. 18 is a schematic section of a melter

assembly of another embodiment of the present invention;

[0034] Fig. 19 is a enlarged, fragmentary schematic

section of a melter assembly of another embodiment of the

present invention;

~) [0035] Fig. 20 is a schematic of a melter assembly of
another embodiment of the present invention;
[0036] Fig. 21 is an exploded section of a the melting
crucible of the embodiment of Fig. 20;
[0037] Fig. 21A is a schematic section of one version of
a melt flow guide;
[0038] Fig. 21B is a schematic section of a second

version of the melt flow guide;
[0039] Fig. 21C is a schematic section of a third
version of the melt flow guide;



8 [0040] Fig. 22 is a schematic section of another enbodinent of a nelter
assenbly shown installed on a crystal form ng apparatus; [0041] Fig. 23 is a
schematic section of another enbodinent of a nelter assenbly show ng liquid
silicon being transferred between the nelting crucible and a main crucible
of a crystaWeoePu8P2appar at us; [0042] Fig. 24 is a scheRalUS20MMdnt ary
section of a prior art crystal form nd apparatus in the formof an EFG
crystal puller; [0043] Fig. 25 is a schematic fragnmentary section of the }
mel ter assenbly installed on a | ower housing of the crystal formng

appar at us Ofﬁ a6y stal #%0%1 H % Sgﬁ?hétffp%&sﬁ%ﬁ Q&r%?l Q._h@fe of a prior art

ri bbon growt rmng appara schemati c
fragnentaryegb@@%%ﬁn%foﬁrﬁam eFéﬁsa§§éhﬁl%hQWEn¥ﬂﬁQ§il9¢ @nléwéFYﬁbﬁ%lng of

the crystal fobRing égg&ﬁ@ng of Fig. 26 [0046] Flg 28 |s a schematic
fragnentary&ﬁﬁ &ion of . the _ nelter gsse %g a prior art
crystal for 5 appaid usd 18 Re SFOF . S%ca cf’hgj’ é' and [0047] Fig.

29 is a schembbdimenht aofred tnterlmsasbbmblposhcbwmged:fqnn&esn.\lucpngb_an‘lgrst
crystal pul lt?én%?e?réc?rﬁftsweeg{ tHe) 1 %ihﬂ lc':ﬁﬁ%b]leo ‘Jﬁou 1%389E9!L§9e parts

are designate corresponding re eren e nunbers out rawi ngs.
Descrlpt|onoﬁfaPﬁéY%#¢¥HﬁQ§ﬂﬂﬂﬁ APPAFaLB849] Referring to Figs. 1 and 2, a

nel ter assenbby2pf tﬁﬁgprﬁﬁ% at' @éﬁ@hh@ﬂc ﬂf&gﬁ}ﬁiﬁq{ Istaadttl%neatl gety by the
reference nuneral 1 %’Eﬁ e]h;t,ts to suEg % e&ﬁ?o terb% to various
crystal for REMGTaphhr £ah FoTIDg gRRar '1"‘I“§/ i e such

crystal forntygtahppalb&ns Is a conventional crystal puIIer general ly

desi gnat ed GBoagf Lherigbe,dsal o acHEAM TONELYRLALINGectlilhce? LAEOt S

(e.g., ingot accor to met hod. The_crystal
pul l'er CP |@E§ﬁemaﬁ$ﬁw 0088 21¢¢sy Usppom o3 ddpe crystal

forming apparatus of Fig. 24;
[0044] Fig. 26 is a partial perspective of a prior art
ribbon growth crystal forming apparatus;
[0045] Fig. 27 is a schematic fragmentary section of the
melter assembly installed on a lower housing of the crystal
forming apparatus of Fig. 26;
[0046] Fig. 28 is a schematic fragmentary section of the
melter assembly installed above a prior art crystal forming
apparatus in the form of a casting crucible; and
[0047]) Fig. 29 is a schematic of a melter assembly
positioned for servicing a first crystal puller in a series
of crystal pullers,
[o048] Corresponding parts are designated by

) corresponding reference numbers throughout the drawings.

Description of Preferred Embodiments

[0049] Referring to Figs. 1 and 2, a melter assembly of
the present invention, designated in its entirety by the
reference numeral 1, may be used to supply molten source
material to various crystal forming apparatus that are
generally known in the art. One such crystal forming
apparatus is a conventional crystal puller, generally
designated CP, of the type used to grow monocrystalline
silicon ingots {(e.g., ingot I of Fig. 2) according to the
Czochralski method. The crystal puller CP is shown in Fig.



9 2 as being configured for producing silicon ingots I. The nolten source
mat eri al supplied by the nelter assenbly of the present invention may be
silicon or any other source material (e.g., alumina, bariumtitanate,

| it hi um ni obat e, ttriumalumnum garnet, gernmanium galliu
arseni de, etWO$006/4¥980% s ysed in the crystal forning aprFqu%éo"g’BHﬁ%duce
solid crystalline bodies. (0050] The cr%stal pul l er CP includes a

wat er - cool ed housing including a | ower housing LH enclosing a | ower crystal
growt h chanber GC and an upper housi ng UH encl osi ng an upper pul I chamber PC

partially sho g ??qu Jﬁ){)&{ Si RgalH are
r enovabl y ?o%%e%?égébcogf}gég?%a ﬁheggﬁgﬁgFégi klnqydeggbe LD. The
upper housi ﬁ@lgﬁnaﬁéulf@%e‘ﬁamhge‘mﬂl&ﬁé P¥ofae éﬂel‘iﬁi" AgaPLys@fat i on val ve

GV. A punp (ghet p&bsaﬁi Ohventén nﬁytbabbelﬁraaﬂ%fman)peowwlmc@r drawi ng a
vacuuminto the Etzrlor of_. t he housin nel ter
I

assenbly 1 ﬁ?ﬁeﬁéa Eaft e P HIM TRy SﬁégthﬁE?ﬂﬁtffxith#h? qﬁ%ﬁﬁ?&r pul l er CP
in place of ythe iuppaluhbogmn ngaifetangermandiume galliumgrgaidliam pol ysilicon

[10m 8 g1 avighgchsRder ocCh) diaii1d RAISHCERRCG-ES thuuder of nal er, Lhe

melter assenbl soli1d licon and transfers nolten silicon
by gravity ﬁEE@rPSUFhE°CP9%@!ﬁerﬁﬂl%ﬁ'qéwséﬁlﬁ%ﬂ%rb°§+®%ta1 forning apparat us.
[0051] Referpdos@)agai théockygtar, pdln%zcwss.ﬁblwééed welter -scovle@vent i onal

crystal puller for nocrystal.l i silico ot.s I accordlng to
the Czochral® é"l?lmﬁegﬂﬁgu&f'ﬂgﬁg) SAART °|"‘§1188 gﬂb%ﬁ?ﬁ%%’tngg% Cfystal puller
CP is a MdarystalF¥t5etir gsamnbeyrGivand Aor npper nbows by U ceriml dddyigx

Cor por ati on Qf ulggglgeﬁhe us%gt(ﬁ%dﬂut a%'ﬁ%aﬁy%ﬁ{;wﬁelﬁ' stpod t ot her

crystal puIIer artin romth cope of this
i nventi on. elro%@PShﬁﬁspHgaM-i rendinginge Hr?%?a#fe"‘%;‘f%}h chanber GC has

a generally cd:ﬁ?ﬁiéctbapbﬂ SPPEAng€d | cdAecti8nhoUSEEd 8a JLEEK ¥nef 'destidle growt h

cruci ble CC a%gﬁ in.a, aphlte sC H S. . The.cr ble CC %Q% i ns

mol ten  soutts mabs HRPeRA PPERIIE, h K0 LRURECPONTIRY | L %9 i3
by a gate isolation valve GV. A pump (not shown) or other
suitable means may be provided for drawing a vacuum into the
interior of the housing. As shown in Fig. 3, the melter
assembly 1 may be installed on the lower housing LH of the
crystal puller CP in place of the upper housing UH and
receive solid, granular polysilicon from a gravity feeder
GF. As will be described more fully hereinafter, the melter
assembly 1 melts the solid polysilicon and transfers molten
silicon by gravity feed to the crystal puller CP or other
crystal forming apparatus. .
[0051) Referring again to Fig. 2, the crystal puller CP

) is a conventional crystal puller for producing

menocrystalline silicon ingots I according to the
Czochralski methecd. In the illustrated embodiment, the
crystal puller CP is a Model No. FX150 crystal grower
furnace manufactured by Kayex Corporation of Rochester, New
York, but it will be understood that other crystal pullers
may be used without departing from the scope of this
invention. The lower housing LH enclosing the crystal
growth chamber GC has a generally dome shaped upper wall UW
and houses a quartz crystal growth crucible CC seated in a
graphite susceptor S. The crucible CC contains molten
source material M from which the monocrystalline silicon



WO 2006/ 009802 PCT/ US2005/ 021369 10 ingot | is grown. The susceptor CSis
nmounted on a turntable T for rotation of the susceptor S and crucible CC
about a central longitudinal axis of the crystal puller CP. The crucible CC
is al so capable of being raised within the growth chanber GC to maintain the
surface of tWO2R0P®WA2 source material Mat a generally ROATYBMS/PEBILl as the
ingot | is grown and source material i¥® renpved fromthe nelt. [0052] An
el ectrical resistance heater HC surrounds the <crucible CC for heating the
crucible to nmaintain the source material Min a nolten state. The heater HC

5 control | adgoB rBaextSiRA! CANE RlscREEbEMEneL AHGINA sy LAt the

t enperat ure en source nmter prec control |l ed

t hr oughout ttgnsableng 5@50@@%@t¥QQN9£:t§ﬁ|EPECEHEQEn%I§n4{?q¥9ﬁh%@nF€d in the
growt h chanb@ioueCaabeneranelon®l telirmauagesnBEethal cistull has lerceptr al

openi ng si z and ed.to suyround as_the fs ulled u

flroom tge so&g’ce cﬁﬁfégigl .gcTh% ad =5 qaﬁaa{bﬁg PgV\gFlﬂ%uﬁ‘hﬁeq_ﬁﬁg}}ﬂ O%Ell di ng thg
crystal growtowthuchbinbersGgevermdintainetber edrfacesof hehe mltame” of the

puller CP. gaﬁﬁ:l&@t maEQ?SaEaﬁtét %“ijéiﬁ‘i-atlli? éeﬁgeaherléfefe@é ecrheﬁq beat

shield ass HS, eat I"'ectors Qr insulation I confrol the
heat transféfr %Sﬁﬁﬂnt ARACPORYER dnateridd t‘-ﬁereiﬁ‘ﬁﬁ?ﬁnﬁr‘i"&tg’%fmeclﬁe gr owi ng
crystal. [OOfds524 pul hnshaé&tf’ﬁ:sﬂ(tﬁﬂi%tdﬁ% heater POl sumgburiEc tdei sm PM

capabl e of raisij. n at| haf I al puller
CP may have %u ﬁQe hgw%‘("ﬁoﬁ QE qﬁ ﬁgfe"ﬁaggamaslﬁn??{rﬁst d@%en%%ng upon
the type of mqﬂﬂnleﬂ MThs puhbls¢nﬁstdm3 exﬂbndbeabﬂnwﬁﬁdhqrﬂanyohﬁﬁd pul |
chanber PC aéiﬂatnere%t@i‘hﬁﬁ ané‘réfe%sCtre)ﬁxSt(%tCBHSKnFCsMHt i ds a seed

crystal C used to %rowt e rmnocrysta I ne ingo The | 1 shaft PS has
been fost |y 1HMHESRIRRAY Of nthe Tolhen |RouTCE mPf-§rf-6f5 Mnte &88l¥connects to
t he chuck Sﬁnﬂmlgbdwtngotxgﬁouﬂgme lpulliigpprbrags Mechamestn Sddlaners  the

seed cryst alas% 3@1 Is'IF ontgﬁ{.'édt{}g t%%{g%%%%:ﬁf CBQPPE{TD&& eurt%%Pnat erial

M Once the see egl ns e pulTrng mechani sm PM sl ow y
rai ses the dwsdden source material M and has a central opening sized and

shaped to surround the ingot I as the ingot is pulled up
from the source material. The area in the lower housing LH
surrounding the crystal growth crucible is generally
referred to as the "hot zone" of the puller CP. The hot
zone parts include the susceptor S, heater HC, heat shield
assembly HS, and heat reflectors or insulation I that
control the heat transfer around the crucible CC and the
cooling rate of the growing crystal.
[0053] A pull shaft PS extends down from a pulling
mechanism PM capable of raising, lowering and rotating the
J) pull shaft. The crystal puller CP may have a pull wire {(not
shown) rather than a shaft PS, depending upon the type of
puller. The pull shaft PS extends downward through the pull
chamber PC and terminates in a seed crystal chuck SC which
holds a seed crystal C used to grow the monocrystalline
ingot I. The pull shaft PS has been mostly broken away in
FIG. 1, both at its top and where it connects to the chuck
SC. In growing the ingot I, the pulling mechanism PM lowers
the seed crystal C until it contacts the surface of the
molten source material M. Once the seed crystal C begins to
melt, the pulling mechanism PM slowly raises the seed
crystal C up through the growth chamber GC and pull chamber



crystal C up through the growth chanber GC and pull chanber WO 20061009802
PCT/ US2005/ 021369 11 PC to grow the nonocrystalline ingot |I. The speed at
which the pulling mechanism PMrotates the seed crystal C and the speed at
whi ch the pulling nmechanismraises the seed crystal SC are controlled by the
external corWea06893892m (not shown). The general construdGIGH2M8218¢er at i on
of the crystal puller CP, except to tHd& extent explained nore fully bel ow,
i s conventional and known by those of ordinary skill in the art. Moreover,
it will be understood that the crystal puller CP can have ot her

configurati ] t e | - pe of e, | ntion.
[0054] Ao shsa §epHg e RBROH AR {0l 3n5080T . rhOTaREET MY (RN P g
vessel , gendif Pplddsggnachanksm M xptadsskithy eerdaervsedd sndiith t6wn from

tﬂe bott om lcsfpééae atMahicAgtMessell iy ne@hans BmOPal Heb hend oyesd haysitag LH of
the crysta

uller CP. e ti.ng vessel .S in¢cludes an anpular floor 13,
proj ecting J%PF?EHFWHFEHIESdgEYJHU?a IaglwﬁPP?rogeﬁ%?gTTylﬁaﬁignated 15,
formed by spshweah)i.nn&heagdnenakrconatituaticbensdidpetstiontop e |, general |y
formad by i nad SN Poater ConoekEeRy| o S UXERE! iptophed WHRE iy, 'S
nmembers of tPRIUbdBaroReRtignahARG KRy bysthage; ak or 1%, skildhr ough
whi ch cool i rtmvmteel arfay hereleiréf,ulat adi.nAb@enhaaksf:ee? Phdt athe35 | nfthﬁ t op
wal I 23 of vessel. 5 s_a.gl eeve 39 that receives e 43 of the
gravity f eeddry .1 ?Hgaggnfzﬁa?a?glé v'epoorh:tq,tar §§%ﬁé§uxa'g¥'/%§§%rﬁt' iJta";eoauﬁ: 47 to seal
t he at nosphedepantinige fomomt theassepd|gf thengregeati ipvéreden. G-. The

atmospheres pfoddie feadesnaid MR FRfs. ass@bhy baxemevbset adddemdly hhe same
pressure and conposition_as the athpsphere iin the cégstal g)ul | er CP. The

fit batween THPHEES FuBELEING TSR < |INFEAIIYSABRLANBESY 51 GBEL Fit with a
radi al cl eardsdieinef calpaexpnekeending rdownMEroncbhet bocoohadh thd t spl atter

and dust in {05 5] (RlaacdSIBHOLYndece it 0P ARl h o3 20GuLLRY! AF PPl S Of

the nelting Vess ve respective nating anges feceive
f ast ener s 57cX¥pt@dnpadilerh€Pt opThadneibinigaveagel 5 includes an annular

floor 13, projecting up from which is a tubular side wall,

generally designated 15, formed by spaced inner and outer
wall members 17, 19. A top wall, generally designated 23,
of the melting vessel 5 is generally dome-shaped, and is
formed by inner and outer spaced wall members 25, 27. The
spaced wall members of the tubular wall 15 and top wall 23
define a cavity 31 through which cooling water may be
circulated. A central feed portal 35 in the top wall 23 of
vessel 5 has a sleeve 39 that receives a feed tube 43 of the
gravity feeder GF. The central feed portal 35 has a vacuum
seal 47 to seal the atmosphere in the melter assembly 1 and
gravity feeder GF. The atmospheres of the feeder and melter
assembly have substantially the same pressure and
composition as the atmosphere in the crystal puller CP. The
fit between the feed tube 43 and the sleeve 39 should be a
loose fit with a radial clearance of approximately 13 mm (%
inch) to contain melt splatter and dust in the melter
assembly 1. The top wall 23 and tubular wall 15 of the
melting vessel 5 have respective mating flanges 51, 53 which
receive fasteners 57 to connect the top and tubular wall
together. The top wall 23 can be removed to permit access
to the interior of the melting vessel 5. The melting vessel



together. The top wall 23 can be renoved to permt access to the interior of
the nelting vessel 5. The nelting vessel WD 2006/ 009802 PCTI US20051021369 12
5 has a side access port 59 that allows entry of electrical power |ines (60,
63) and cooling pi iqg (not shown) into the vessel. The side access port 59
has vacuun1§@93@’@ﬁ@? shown) that surround the piping andCES2APOEIN | i nes
60, 63 that are routed through the poﬂ@ so that the pressure and

conposition of the atnosphere in the vessel 5 is nmintained. (00553 The
melting vessel 5 contains a nmelting crucible, generally indicated 65, nmade

of a suitablsepgRt g ke S¥EL &S M@f»@%@ gHakt 21{g f S iddetiahli s seated

on a graphite susceptor asse ,_generally i1 ndicated 69. The susceptor
assenbl y 69ROWeX bbBesclbhy &3 ) ctnthiceoddsg PAPHRANIRRE Sy IRtPoERR 77 t hat
covers an opeBkeg.81The &ide cdvtdsly gdr@oE9 RdsOfaden rEddisngneessel S. The

p
tight seal bet n_.th platfo 77 _and_th np r_f r,.13 prevents nelt
splatter a ﬁ%o\é\fﬁgt t#‘?‘g n? ‘b’é’é%‘l“h% r@fhreo ng.lpﬁg% rréfl?i %gé €%1§1séearolo 51 Jtl}'nersg L? g)h P % e
docki ng col Itheatoaxadrontedt threugisttiie portesoCFhatTHche mytagswyec@ndi bl e 65 has

a nozzle, Q%Pébhlibﬁdéfaéﬁéi @énosﬁﬂ@x%hiﬁeﬁﬁéd%ééé’ln@ iRinhiRRAYndd. of the
cruci bl e andIta lows for the fl ow of |ten silicon fromthe nelting crucible
to the crysogﬁsgromﬁﬂﬁec?%£ﬁiﬁﬁaYﬁ?qegDPhEOBF?%?%Ja[ﬂﬁ*?ﬁnijsruc? &€suscept or

assenbl y 69 gemefraldy indicatsdréDumdsiebotfhat beitaele nechri3 swtht ke nozzl e

85 of the i.ng | b 6 J e S l: .Lnduct i on
coil 95 ar gﬁér%eaaﬁﬁégggrkgﬁc |%%d rc}}%]tq?gt)sﬁlslggpfgré%%%ee@m%a%@%%g%%uci bl e

65 and a | ofR¥SCEREQEt pAeRemblY, WenarRldy Anfadatedo?di o suseers@scept or and
the cruci bl egzeaphe 85. idhsuppdriedty al eeamifdsdd OB GRIUrt & ond8 are

4 . .
connected to_.a respective . power supply 100 1, (shown schematj.cally in
Figs. )1 andpgftfPﬁﬁtgﬁr59?5e§°¥ﬁ¥&n4§%§£83ﬁpgn%gthéighﬁu?qq 5|ﬁ¥88§h each
respective dadi lof tThe wppetingndesaniers.coiThe 85gh®9seah Mtwesmparhet el y
controlled t r | t u [ itored
and adjuste ﬁ%?%%ﬂtbﬁeggédeﬁ%r; t gﬁ%E}?E%tg?|%§§ﬁ§“§ﬁJ%a Q?ﬁ%tggﬁer coi |
The arranger®¥k dust £reMiRAsSELRY SLxpn the Redhihngdt Fesedbet rg?ﬁ?‘%%\/\é?‘esect i ons

docking collar 9 and into the crystal puller CP. The
melting crucible 65 has a nozzle, generally indicated 85,
which depends from a main body 89 of the crucible and allows
for the flow of molten silicon from the melting crucible to
the crystal growing crucible CC in the crystal puller CP.
The susceptor assembly 69 conforms to and surrounds both the
main body 89 and the nozzle 85 of the melting crucible 65.
The melter assembly 1 has an upper induction coil 95 around
an upper section of the susceptor assembly 69 and crucible
65 and a lower induction coil 99 around a lower portion of
the suscepteor and the crucible nozzle 85. The upper and
lower induction coils 95, 99 are connected to a respective
power supply 100, 101 (shown schematically in Figs. 1 and 3)
that provides electric current that can flow through each
respective coil. The upper and lower coils 95, 99 can be
separately controlled so that the current flowing through
each coil can be monitored and adjusted without regard for
the current flowing through the other cecil. The arrangement
of the two coils 95, 99 around the upper and lower sections
of the melting crucible 65 and susceptor 69 allows for
independent temperature control in the upper and lower
sections of the melting crucible.



of the melting crucible 65 and susceptor 69 allows for independent
tenperature control in the upper and | ower sections of the nelting crucible.
WD 2006/ 009802 PCT/ US2005/ 021369 13 [0056] Wth reference to Figs. 1 and 4,

t he main bod of the nelting crucible 65 is generall and has
an open top ‘;y{9§°° 640892, conical bottomwgll 107. The nozzl gﬁ%@&g@%‘ﬁds from
the conical bottomwall 107 and is coaxial wth the nain body 89. In one

enbodi ment, the inner surface of the bottomwall 107 of the crucible 65 has
a slope in the range of about 1 degree to about 60 degrees, nore preferably

about 10 degrm: to faehl képérerde dd Mg@f ﬂth&Mﬁltm@%m Bty @ nozzle
85. inthe il rat d enbodi a£$¢ %%; ggé 1 dthe ru%g%ag 65

i ncl udi ng t tipg SRR 75 §eP§5F t BB Eﬁﬁgﬁ; 3End the

bot t om nozzlan 85;'pe|ns topamDBcaamdl d raonixajuiotrotmuiwall used. t cTheendzalieom wal |

of __the cr ucblfn QCk CANSHL UGLAANS TR (36, WASY b3 it Lhe copapa of the

present inventi nozz I's configured to produce flow from
the mel ting Widdsdhesmapnt bpdy géher ol \PRei CEOCEAMERENEBE pHIRFT AYWFIER wi th

the centerlige tHe HoetBAZ&hel i@v | SF |ﬁﬂ¥)fctr@l&t1b1éh65 hde ilmpﬂa siid ithen

flowngfromthe cruc'bl d _str.eam 9 redu ng and
sprayi ng of THE® & bﬁ&ﬁtg 8?9’{?1% %ch?& ot 83 Aggt ‘? ng ang’lgprayl ng
of liquid sidbagn 14'03 dngtredem tedfasi titmtieottheofidowf of hleoltexywalllqml ler CP

because of passd e ‘i’x%'ﬁg@ 89. 1 henhole Zﬂ'l‘%lstﬂ‘a'i:&ﬁ EfRbSdimdeR! & &ladnHS,

cruci ble GC, susceptor S, etc.) _and t possi bl e creation of I oose artlcles
of silicon thedY |ﬂfdtP§IFrBﬁékl?rﬁQ)%qﬁiqgﬂFSt&PegFBR}ﬁﬁlé?QREQW(?
j eopardi ze tier q;salﬂanoy-laatéheasrdﬁé Piedds hed thBobottom hodzzl1d,8% he rrel ting

cruci ble nozi%)ef.%titehraclfggﬁs a g%tdb%r% § por%‘ﬁ Bﬁﬁﬁ&ﬁ%llolg df” t he

bottom wal | crudi & Secon aving a small er
di aneter anthd crIvaidplen opth¢CeCQmSQ#u§ﬁiﬂaﬂ sayohAsusednvitlin tthe | ar ger

di ameter porgddpes FNEn Egéggn@oiﬁ+éﬁtﬂ&5 haV|ng an internedi ate size

gg?gﬁ} e{ hgogﬁi¢%%an} g%&t@hgoga e gs is convglgure% glosggcsa ucC:ieI Pl ri?r detail

the melting vessel 5 that is generally directed along a path
aligned with the centerline of the nozzle. It is important
that the liquid silicon flowing from the crucible 65 is a
directed stream to reduce splashing and spraying of the
components of the crystal puller CP. Splashing and spraying
of liquid silicon is not desired in the hot zone of the
crystal puller CP because of possible damage to the hot zone
parts (e.g., heat shield HS, crucible GC, susceptor 8, etc.)
and the possible creation of loose particles of silicon that
could fall back into the crystal growing crucible and

) jeopardize the quality of the crystal. As best shown in
Fig. 9, the melting crucible nozzle 85 includes a first
larger diameter portion 109 in the bottom wall 107 of the
crucible 65, a second portion 111 having a smaller diameter
and forming an orifice of the nozzle downstream from the
larger diameter portion, and a third portion 115 having an
intermediate size diameter downstream of the orifice. As
will be discussed in more detail below, the overall length
of the nozzle 85 and the corresponding lengths and diameters
of the first, second, and third portions 109, 111, 115 are
sized to maintain a stream of molten silicon that flows from
the crucible 65 at an optimum flow rate and avoids premature



of the nozzle 85 and the corresponding | engths and dianeters of the first,
second, and third portions 109, 111, 115 are sized to naintain a stream of
ol ten silicon that flows from the crucible 65 at an optimumflow rate and
avoi ds premature WD 2006/ 009802 PCT/ US2005/ 021369 14 pouring. Preferably the
stream of noY®2W689B%2con f1 owing from %he crucible 65 i £€ 3’"%6%3”@%9 unbr oken
streamof liquid but it is understood hat the streammay include droplets
flowwng fromthe crucible 65 that are generally directed along the
centerline of the nozzle 85. It is understood that the flow of nolten

SIt I : fog frogbhbﬁngozzmeﬁér tdﬁwts%&eaﬁ\{ﬁfm?ckﬁ&emlq&:ddaﬁ ff[lbw&hg nozzlte and
sti e ner a aon e a (0] 0Z e W (0] arti n
DEf SOV & ¥ o PERBRLT A St el O Maapfdn of |

fromthe neafiffig
nolten sili bok ¢anlslem1diezaslfcmintﬂm thensereannenacy Jtrtté.udﬁzﬂr@paétby a nmaxi mum

di stance of £18ABRGXERBH clife AL G5l BABESIraNSE A1 PRNELRER  he

nmeani ng of "gener irecte C&% 053 owT I n -8, the susceptor
assenbly 6921RAE Fh?e%@$ﬁﬁ¥%QHQa ﬁ@FaPP§Z%?I$%dr|¥FlﬁﬂxﬂnqﬁﬁﬁFPB (crucibl e
support), gemnacakhy fIeW ot amblzh shqlauﬁpﬁfcbmtme A4l @Chagi bl e 65, a

[ | -l I pt di at t lt-in t 1 f
cupporti ng. CRYiaER: Bapn Bt ashudilin0R o PRy o e R R L8R 1 ati ng
mel ting, am@narabﬂaﬁrdbmd:md rairqngoﬁhenpazheogu@&mwélelmtthmn: recei ves
the nozzle epaktih§ HP&&'E}Qeq{é&il geo§5" Qin%?!ttédm 124 8nd the

| ower outl et ortlon 129 are paced_a ar t e internedi ate portion 125
by respecti ogimENE b%ﬁsf%gﬂ)°f1@PItFﬁ Fh%l??¢LEﬂ9zﬁ%ﬁiqéﬁbéﬁpﬂe Pe the
upper porti went2tlhas 6bu1thé aﬁbﬂleS(ﬂGt bygna, mgeiwum|distaess gfat ed 123 (Fig.

each SeRaLasdnblef, ad1ah EaR Lifneo] NaRRCEIPPUILy hergnnUl ar gaps

130 131 an era range om apprOX| na 1/8 inch) to
apprOX|natem¢391n619£/49¢mn#§11YHﬁ;n@§§§d130 131, 132 |solate the currents

i nduced in tm.r,wscepnersﬁéﬁerm{w%% 0y -8t h@hé'p@@écé?;%dr U RAb1yower coil 99

so that the Iow%glrggtlljg_ts Oar.tg';eonrlara Y cy 11_611 Flcbgp;?é’zf rpeonl; l|or111duced fromthe

| ower
(crucible support}, generally indicated 121, to support the
melting crucible 65, a conical one-piece intermediate
portion (melt-in susceptor) 125 for supporting the conical
bottom wall 107 of the crucible 65 and initiating melting,
and a lower outlet portion (nozzle susceptor) 129 that
receives the nozzle 85 of the melting crucible 65. The
upper portion 121 and the lower outlet portion 129 are -
spaced apart from the intermediate portion 125 by respective
annular gaps 130, 131. In the illustrated embodiment, the
upper portion 121 has four radial sections, generally

) designated 123 (Fig. 6), each separated by a radial gap 132.

In one embodiment, the annular gaps 130, 131 and the radial
gaps 132 range from approximately 3 mm (1/8 inch) to
approximately 6 mm (1/4 inch). The gaps 130, 131, 132
isolate the currents induced in the susceptor assembly 69 by
the upper coil 95 and lower c¢oil 99 so that the lower outlet
portion 129 is heated by current induced from the lower
coil, the intermediate portion 125 is heated by current
induced from the upper coil, and the upper portion 121 is
not heated by current induced from either coil. It is
understood that the upper coil 95 and lower coil 99 may be
assembled in a ceramic body (not shown) that contains



coil, the internediate portion 125 is heated by current induced fromthe

upper coil, and the upper portion 121 is not heated by current induced from

either coil. It is wunderstood that the upper coil 95 and | ower coil 99 nmay
assenbl am ¢ body (not shown) that contain 9802

PCT/ usS2005/ %ﬁé@égog%g{graphi te fiber ingulation (not sho \%S%&gﬁéelg%nnul ar

gaps 130, 131 between respective portion 121, 125, and 129 of the susceptor
assenbly and graphite insulation (not shown) between the radial gaps 132

bet ween respective sections 123 of the upper portion 121 of the susceptor
assenbl y. | tgnaphittedéibepoilnshbdatidre (nesubhbivoh nnythaoammuianIgapsnaterials

such as quarstsz S c tr S far i ber, or
quaryy S3Rd, peelalh ﬁéﬁéﬁﬁﬁw?ngrwﬁh 1941 ?5’ aﬂc? 1AL G ¥nk

any ot her hi'gh-'t énperature t ectrica ﬁ%%nsu atlng materi a
[0059] As SWGPEOH g§senblyand awmﬁe#nsaawm t shawm)i es of fi ngers

lﬁS that ar g:@;p&%?dtﬁﬁat&dﬁ.al aps rmmfb@th &?tanakedpﬁggiv@rséaﬁmsnm?gz 137 in
t he upper e finger a S

bet ween t he 39§PF0HEP%EgpSFEZ%%gﬁ%EéQE6@FtFBR 8 °5r%%%ﬁﬁ££¥he upper portion
from el ect riwaergtoodpkhay tbetimsuigision maguintbnde odthds makemiadwent an

| nduct ion Cuhiclasl ORI E! B4hAT drddle: LoReRESoR] | iBeSUSPADIRuASSEMDl Y 69.

In the illustratedenbodi nent, sixteen fingers 133 are shown byt it is
under st ood t?ﬁﬂ?aFﬁ8r¥u§éﬁﬁfor°59a?%uPQH$$eh&EHeFeHE§F©h%revﬁq?ﬁﬂﬁ eparting
fromthe scanﬁienebhricamw?ninsmuaﬁin§1mﬂterhbe radi al gaps 132 di vi de one of

the fingers n ha t pace p Rt 90
degrees fron&ﬁ% h ot e gaeﬁﬂ%§7%hgpaegh ?Hg ?#éaﬁ?%g pre erably
range from eﬂ)rﬂe@@leﬁapél ﬁlsgﬁﬁﬁ(lﬁ% tihath aneo spppedxapare| @A nm (1/4 inch).
Becau e no Mf&mferentaamcaﬂré@ti&e td "ﬂaﬁins ap3319% 1H€tﬁé15t§ﬂﬁxor assenbly

of ' resi st anctPBiioalPitg SoRL h37, PERETLARS SicBonEats AGRY T SARRr Zpor 11 on
of t he suscédmptweens shebbec6fohs on23 hef |mnk1@@@ercporEm0nf12)InprHar{tper and
ouer col 'S the ubped®BbiciBf £PEh!EIMbeY i1y Bap2iflg! 06 el Ipgal V! T con

induction coil 95 and prevent an induction current from
flowing in the fingers of the susceptor assembly 69. In the
illustrated embodiment, sixteen fingers 133 are shown but it
is understood that the susceptor 69 may have other designs
without departing from the scope of this invention. Each of
the radial gaps 132 divide one of the fingers 133 in half
and the gaps are spaced apart approximately 90 degrees from
each other. The gaps 137 between the fingers 133 preferably
range from approximately 3 mm (1/8 inch) to approximately 6
mm (1/4 inch). Because no current is induced in the fingers

,) 133 of the susceptor assembly 69, the upper portion 121 of
the susceptor does not generate a large amount of resistance
heating. Rather, the resistance heating of the lower
portion of the susceptor assembly 69 from the induced
current from the upper and lower coils 95, 99 heats the
melting crucible 65 and the solid polysilicon in the lower
portion of the crucible. The fingers 133 are not subjected
to induction heating and are heated only by radiation and
conduction when the silicon in the crucible is heated by the
upper coil 95.
{0060} As shown in Figs. 5-8, the conical intermediate
portion 125 and lower outlet portion 129 of the susceptor



portion of the crucible. The fingers 133 are not subjected to induction
heating and are heated only by radiation and conduction when the silicon in
the crucible is heated by the wupper coil 95. [0060] As shown in Figs. 5-8,

t he conical jnt diate portion 125 and |ower outlet p ' t he
suscept or W@dﬁ‘iﬂ%@oz PCT/ U52005/ 021369 16 assenbl y %A‘?@”‘é@?ﬁ
construction so that the upper and |ower induction coils 95, 99 are
electrically coupled to a respective portion of the susceptor in these
regions. The gap 131 between the internediate portion 125 and the outl et

portion 129 £lRakiiyCabl ¥reSebal&Scdiitluer iBAY EBOEﬁantﬁ@eu%ﬁéks% or assenbly
69 so that the gfper coll 95 does not_ _induce curreni%ln t

] doe | ower outl et
portion and YEY JREPCLiGR| OBy Mot AT§IGLECERIFR Yi?f"fﬁéaqorﬁoeranedi ate
portion. Thespeettifecpbreitnenf thepusedptort ha these regiordh [Theduces an

| t ti [ ' | S | L cal t in th
"t or madh af SoRsrofe puBefl P [InEARERacE! BELELER 2 E4T AR o ddedle © 00,0
The el ect rirantionr A8At edapprieally isadatesetheorvo gpopk beng «af dhe

al ternati ng gipaepitos HEBEALIYI 66 sAURT eheChppER! c611TeHtdodd ddtow in the
| ower outl et, rtion 129 of e i ndu eg?el ectrical current
e’d{ r

e %ceﬁt or 6%. Th
in the susc S SUERERY 88 tRE olveHh BrdAtt RETEIRR PR % XM Topposi t e
di recti on ascdille 99cdpeenhot | bnduce tduerrmEgit! $n95he 99nbernedimses padiiehance

heatng Tn Uhife W3CERI0R) JHELLACUALANRERLI B OlpbUE o5pligh portion of the

graphite susceptor asse C radi ant _and ‘conductive heating of the
bott om wal | BXPAUSes: B atkREnatingomagnetig: figddsenigh peY28%i con resting on

theOI b0_ttomhdxeddtxafcﬁnheueff:ﬁ'tgts fEdv Sin [t%Glhtéthdiiflf p@ﬁt'tfdrﬁ_rlge and
conducti ve t1.n as ted a ot.to ortLon sQl.d

pol ysi/l i con ?et:r;]\ trieggugfﬁgg%f'eaﬁg?gﬁéh%agjr?éﬂwg};g?ef&ﬁn%?g? h{ei]%'ppgéhecoi | 95

i nduces a clekesritriicalt Rpreentt suppligd donddet loweri qoill 9%ipradureshan furt her

hea_t s the | iﬂﬁ&rﬁit'ih%oﬂaéﬂétiE%f‘é‘f&%hi@_i‘xec!é%@s()&lg@i:ﬂ@agl ogu,;mt_renai ni ng
solid polysilicon in “the crucible bé/ radi ati on_and_conduction heating from
t he to flow in the lower outlet portion 129 of the susceptor 69.

The induced electrical current in the susceptor assembly 69
flows through the susceptor in the opposite direction as the
current flow in the coils 95, 99 and causes resistance
heating in the susceptor. The induction heating of the
solid portion of the graphite susceptor assembly 69 causes
radiant and conductive heating of the bottom wall 107 of the
crucible 65 so that the solid polysilicon resting on the
bottom wall of the crucible melts.
[0061] After the resistance and conductive heating has

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



liquid silicon. In one enbodi nent, the frequency of the alternating current
supplied to the coils 95, 99 ranges from approximately 3 kHz to
approxi mately 15 kHz and the magnitude of the power ranges from

appr oxi matel%%ﬁ kWto approximtely 160 kW In one errbodl

t h
el ectri cal PAOE/A892, t he upper coil Z has a frequency SF“IQ%B?H%ﬁnately 10
kHz and power of approxinmately 160 kV\/1 nd WO 20061009802 PCT(US20051021369
17 the electrical current in the lower coil 99 has a frequency of
approximately 3 kHz and power of approximately 15 kW It w Il be understood

that each pQ“@reié@@fYCaixhufHEhﬂn@h Qﬁgplbﬁérac5imwy9QQﬂN%rHQ@quéncy
not or - gener at_or

nmodul at or in erter nmeaps for

suppl yi ng t <K Spaull | I"rme t he

SeL ePREPRIRAERIY chokit A BORRF <OF [ aHRY A8 ronf
cylindric bedyllBé mhdei'etocsdtstdmtt @achspewbrysﬁ@pmyldm,vaoa maiyght of
appr oxi mat el %};}ﬁ) i Sj fé’g?é | 20 cm
(8 |nches)c>6m§2lsg é@hi ness % bgg?ﬂa el f%. d¥éﬁgﬁ?ak¥he
bott om wal | "@Fiutlﬂ‘é°Eo%ﬁ‘Y‘,%t¥t%»r tqlbﬁnYZB gﬁ’-’t‘ﬂ%an% rﬂ‘-&i?P]QQ-“@ay be angled to
correspond \ultbrhhelﬁ@gd:@ﬂrerhptﬂd)I’ﬂ]—i@.bbﬂ.ﬂ? of the cruci ble 65 and nmay range

from appro I 1 ree t.o gree re f er abl
about 18pdegpg§2? " éhﬁkﬁﬁﬁ?4iﬂ§4% %ylég (Roiit ﬁ%e%@?on Thg
| ower outl etstlpcﬁpton aegembl}'t&fe ﬂ@l}'s@ep?on Boighly @S(t&m!rqwmtteﬂe' B8t t om wal |

of the comcﬁa'(1@0tﬁe9@s)125ax9futstt%eslaasaetef ay ﬁ;pﬁwmmea. W 2bbch (gmto 30
cm (6.5 inches to, ap grom at el I NC es% be undér st ood that t he

di mensi ons dMEPERLnpRER V2 oYL WW@SCP C?BP€°’B§“%ﬁﬁjl3§Js3cé‘}5td 69 may have
ot her di mensichhs wWrhéobdt tapawdliing ff the tbrisabpsoxiiqr dniof itheent i on.

[ 0063] The r h 4 i . var..ed ntrol the
terrpe$ at urec‘&’zﬂ)’;s CEEEOL ?Lj'g%y Qee u0| Eggge%@g?‘ﬁéﬂ%#régl 5lr?flc%@gh t he | ower
coi |l 99 may hsttomawadl 107 cohtths armusibdgpebaand anady Yangerdlnomassi ng

t hrough the a@ﬁ@kbtnstewzted eé:Q:ro QPFBkEmat 8By @MY Anidret he Melt in
the neltlngsggg QLEY about 10 degrees) without departing from the
scope of this invention. The lower outlet portion 129 of
the susceptor 69 may extend from the bottom wall of the
conical portion 125 of the susceptor by approximately 16.5
cm to 30 cm (6.5 inches to approximately 12 inches). It
will be understood that the dimensions are exemplary only
and the crucible 65 and susceptor 69 may have other
dimensions without departing from the scope of present
invention.

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



above the nelting tenperature of silicon (1414 degrees C) by a sufficient
anmount so that the nelt being poured into the crystal grow ng crucible CC of
the crystal puller CP remains above the nelting tenperature of silicon
during the free fall fromthe msltlng crucible to the crystal ow ng

cruci bl e. BIERYPIHAY8% ree fall height E(Fig. 3) of appfﬁ}lﬁﬁ@g{f’%}sg feet
(1.5 neters), the silicon liquid paSS|%g t hrough the nozzle 85 shoul d have
at | east 20 WD 2006/ 009802 PCTI US2005/ 021369 18 degrees of superheat
(corresponding to a mninmumtenperature of approximately 1434 degrees C) so

that the sike 9@e§|c9fvs®éﬁfé@tr Q%&B&s%bﬂ&iﬁi%fﬁ 4 e rRffun’ eeflpstapaee bet ween
the |arger aneter portiaon _109 of t

cryci bl.e.nozzl and the
surface of Pﬁeana¥?X$w %Wu§ﬁ9ﬁy§@3Fe§FOGFEEF {ﬁgﬁzéﬁ ég SPntﬁg O¥yyst al
pul | er CP. Akseamt hemdimpeliafuirde foaf thbeenbireardasstlarm@nbpaysiengthbr ough the
artz no C e {?& e oxi mat el
gZGS éegréég Egéﬁ g%dﬁ %ﬂgﬁéﬁ:&gggggngg abl at QQE?QEE% ﬁﬁggg%e as a Y
resul t of tH@dfFBﬂ/%Wrgﬂﬁéﬁﬁééﬁﬁdmﬁﬂ&uwdlgl?WQxﬁfYﬁﬂﬂﬁoﬂﬁﬁwﬂﬁg nozzle. |If the

mol ten sili e@gcmw@g éf&rm&fbrytsf&algpaleer%pj s mldWethet Qelfnbéwaﬁhre "
tenperature ve egr.ees t he S n secon nozz €.POLLI Oons

115 wll Pg Pﬁr tER qo&ppglséggah%r ‘F@‘ﬂgés 5%& E][;I qui d
silicon w I bfekheeuelhmgjssnutedbheeIStél ahondd enaff QWEQ)@Ippspkﬂ-méhethe mass
flowrate 0&4k5q8é§'rééé cg%tclydamo b?@v&?@zéfc@s%ﬁ}éo%bqal%‘ioheéf than or

equal to the desired rate of g licon in the cruycible 65 so
t hat he|ghP°6F1?h€5n%I¥eﬁqiq:ﬁg GPGCFBPE ? n%HPEFQﬁ§ﬁ§4aﬁPFU190ﬁé?éﬁ?ndur|ng
the fillingtakotyh t;hgsﬁcaiz]gar ovvmfg theunobten $£11iddn tgassfiingwthabaghr om t he

Cructble 65 fXOREIILNEs IPILTIALE #1oRolyS] | GlediiecTalE BCh bt 11 the

cru0|ble rop duri ing O he” cr grow ng cr uci
causing a réGQEPEEnCJnth¢m£¥nsﬂ|a§dpﬁé§93ﬂen@§Zl¢uPQﬁiEﬂn§ 183, M5t he statlc

pressure ?t wile B 93&5@111&.51h rﬁ&h%nﬁﬁk%w Qargéeﬁjﬁ‘é 9&1{3 Rk Q\&%Jw rtahg §gream of
L au o1 L1 SO RSR Mol AU e g2 Sl Hla SR nd et o
peolysilicon. The mass flow rate of liquid silicon through
the nozzle 85 should be less than or equal to the desired
melting rate of the polysilicon in the crucible 65 so that
height of the melt in the crucible remains generally
constant during the filling of the crystal growing crucible
CC. If the flow rate from the crucible 65 exceeds the
melting rate of polysilicon, the melt height in the crucible
65 will drop during filling of the crystal growing crucible
CC causing a reduction in the static pressure at the nozzle
85. If the static pressure at the nozzle 85 drops below a
predetermined level, the stream of liquid silicon passing
through the nozzle will become undirected (i.e., no longer
generally directed along the centerline of the nozzle)
resulting in excessive splashing and spraying at the crystal
growth crucible CC.

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



resulting in excessive splashing and spraying at the crystal growh crucible
CC. 10064] To obtain a reduction in nelt preparation tine needed to achieve
an inprovenent in crystal growmh productivity of at |east approximtely 108
to 35% the_nelter assenbly 1 should deliver liquid sili t referred
mass flow r JYQ20H0PRE range of approx:rg@tel y 50 Kkg/hr tg‘giﬁiﬁﬁgﬁiﬂ'@el y 140
kg/ hr. Through experinentation, the re preferable mass flowrate of |iquid
silicon from WO 2006/ 009802 PCT/ US2005/ 021369 19 the melter assenbl y 1 has
been determ ned to be approximately 85 kg/hr. The orifice 111 is sized to

have an Imchéaheﬁtém&@gema} PhHAY $88nt SetORkidBENYER LR flow rate of liquid

silicon of a roxlmat hr based op_an injtial .nelt _hejght H (Fig.

14) above tﬁ 5‘61‘{"5"1‘1’?%1)\%/ @rﬁf t fBe eFLETEE &6 i sdFskP nhg‘éFyaQSO nm

(10 i nches) inlitisad | didogetemddraat qmévuklas the aptiinue wdissndillew zateneft hei ght

H ab th I ah f th
above  thgiAni4l 661 dddn We laptlok Ratedy 08s Lag/ il A ondnhehgplarof the

mel ting cruci rate fromthe nelter

assenbly 1. "pdbeBeigiet & r{Fig nd\ﬂ/)t gbrve. th Bolet o5t |Cf‘*}‘-'(,1@t1f'5| Rft kBe nozzle 85
of the crucickheibbe hes & a;fpztdﬁlma%a bso mh ofo ﬁm:!fe@sl matrel yi213pém (0. 09

h d I h ht H t el
250 T (10° VHORER oo Rk | S, i e R BAeFPERF 3R e, SigBe B BPVS5 ko hr
It will be &héeozibice tlbk wisll hanyebasedass et ydlhme;:axs@dld height|ing
successi ve gryshal m@tt s Scfde il S'E‘)Useﬂeli?'éécﬁ{b ddi8 1 ¥d hhsg giggeter D

w Il increase gue to a&?a t1on of t hi ckness of the crucible nozzle
85 by the fF@kCofrPR e T&ﬁ’]}’i%ﬁsﬁ?@?’éfh%ugh. Accordingly, the initial melt
hei ght H abqeeéesihe orlitéfé:ﬁrﬂxﬂgl ricw rtbet?egabby tmeecbmicms mhdndichget er of the

ori Tice 1N°LE3508 b JF! e dr ARIQPLETMIL RS oL LL WY Bl B 1| cO

The nﬁss flow rate’ o I"con rou eéternm ned
by appl i cat |a@9r931%?-¢1!3e243 g | 0thdnch) ac@srwmowra:mtw arn( \i)llbi-all qui d

| eaving an @it aelgﬂﬂaksmfge @aict hpproRimatel ¥ 2ddemhei1dhtinahleye the
orifice (h)a%hngslgqg ffgééﬁu¥1ow rate of approximately 85 kg/hr.
It will be understood that as the melter assembly 1 is used
in filling successive crystal pullers CP with molten
silicon, the orifice diameter D1 will increase due to
ablation of the wall thickness of the crucible nozzle 85 by
the flow of liquid silicon therethrough. Accordingly, the
initial melt height H above the orifice 111 is preferably
reduced as the diameter of the orifice increases to maintain
an optimum mass flow rate of liquid silicon. The mass flow
rate of liquid silicon through the orifice 111 is determined
by application of Torricelli's Law that states the velocity
(v} of liquid leaving an orifice equals the square root of
twice the height above the orifice (h) times a gravitational
constant (g) or

v=1{2xhxg¥*

where v = velocity of liquid passing through orifice,

where h = melt height H, and

= gravitational constant.

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



constant (g) or v (2 xhxg)" where v = velocity of liquid passing through
orifice, where h melt height H and g = gravitational constant. The nass
flowrate of the liquid flowing through the orifice 111 is then cal cul ated
by multiplying the velocity of liquid fromthe above equation the area of
the orificeW gﬁ'ﬁ""f"ﬁ’é"’denm ty of the ||3 id. WO 2006/ 0098&%T: ﬁ@%‘)"ﬁ!ﬁ’z‘é@s/ 021369
20 [0066] The rel ative size of the ori Fce 111 of the nozzle 85 is nonitored
by regulating the nelt Hthat is required to maintain the desired nass flow
rate of liquid silicon from the crucible 65 during successive operations of

the melter [gpggfdly Bne Vih@ml% %rlztel 68 the deseadd ated cFuehet Rakzibe

desired mass flow rate of i con exceeds the attainable ggltlng rate,
t he cru0|bI@5655|§°?%ﬁﬂ%&§mpyI§?94%$§i€ﬁbﬁﬁ?h%$&t H fdhak i cEMAERELEP D1 may
be al | owed maintagneelse desikxrdd masie0 £12wi pate @Efr&quﬁdusﬂnmcbnngromuc|bIe 65

ori 11 be i anbrer TBiTRfe 55 A shiorkSeEve, Sbadl il o bnkimdiedk T00 e
| onered to apﬁﬁmhiﬁalelythnWthﬁnq?iﬂDCﬁnéhésbas[QN%HQGQIﬁu§M0¢@35x§b§5|ve

spl ashi ng Ofde|s'19l=_|&dm§é$'f31)&v afatd lof 'IEkqﬂﬁlassii"fccB’i?|éxdé¥2is MHen the crystal
growi ng cruci rected stream of {kfj|l00n nust flLow fromthe

cruci bl e noffF@l§3g§% T?%F*ﬂﬂtrQQ?WIF CF§§F%P B3sed on the
results of ton®t embodimentis tmzdﬁfld:esdgameaerani | TRy cbend]ﬂm&df I:ow rate of
appr oxi nat el alhr pref e f LY gl e nozzle
85 was deter#cggas% w clégﬁ“a{fll%rtlngdﬁg?réfgrt%%%?m L‘#]g: ?'ll rs portlon
109 of appr@ﬁlﬁﬁtéﬁplﬁc¢@ 14ronmximtadn g diguid|siphicoryflayw aaseePér abl y

apprOXIﬁaEer i§/HB1£9 29 bPCice dﬂ%ﬁe@ekeDQthLébéﬁtti“b'hhfﬁb nqrtlon of
a r oxi mat e nor e rerera
op ('E?ﬂm ‘ﬁ%’cﬁ%ﬁ%?ﬁo“"r‘% B i? %fefilt%faﬁ RREXIOASE y85 may

approklnatel
have an i ni tLi7q] mmnk@r 0dinekemy. D1 rangi ng from approxi mately

[0067] To avoid excessive splashing of liquid silicon as

it impinges the melt pool M in the crystal growing crucible
CC, a directed stream of liquid silicon must flow from the
crucible nozzle 85 to the melt in the crystal growing
crucible. Based on the results of testing various nozzle
designs at a liquid silicon flow rate of approximately 85
kg/hr, the preferred design of the melting crucible nozzle
85 was determined to include an initial diameter D2 for the
first portion 109 of approximately 6 to 14 mm (0.24 to 0.55
inch}, or more preferably approximately 10 mm (0.39 inch),
and a length L1 of the first portion of approximately 50 to
~ 60 mm (1.96 to 2.4 inches}, or more preferably approximately
) 55 mm (2.16 inches). The orifice 111 of the nozzle 85 may
have an initial inner diameter D1 ranging from approximately
2.1 to 2.3 mm (0.08 teo 0.09 inch), or more preferably
approximately 2.2 mm (0.087 inch), and a length L2 of
approximately 8 to 12 mm (0.39 to 0.47 inch), or more
preferably approximately 10 mm (0.39 inch). The third
portion 115 may have an inside diameter D3 ranging from
approximately 3 to 8 mm (0.12 to 0.31 inch), more preferably
approximately 3 mm (0.12 inch), and a length L3 ranging from
approximately 76 mm to 210 mm (3.0 inches to 8.3 inches),
more preferably approximately 118 mm (4.6 inches). It was
determined, that the preferred length L3 of the third



2.1t0 2.3 M (0.08 to 0.09 inch), or nore preferably approximately 2.2 nm
(0.087 inch), and a length L2 of approximately 8 to 12 mm (0.39 to 0.47
inch), or nore preferably approximtely 10 nm (0.39 inch). The third
portion 115 may have an inside dianeter D3 ranging from approximately 3 to 8
mm (0. 12 t o WD Rbe/0098dz), nore preferably approxi mately 3pomuSthod@2iserch), and
a length L3 ranging from approximatel $176 mmto 210 mm (3.0 inches to 8.3

i nches), nore preferably approximately 118 nm (4.6 inches). It was

determ ned, that the preferred length L3 of the third WD 20061009802

PCT/ US2005/ 021369 portion 115 of the nozzle 85 can pe calculated in
m | limetersPPF ﬁ?flhi&f o?# o%%d’qz('ﬁ%lag: cp3 &8 S‘Ef‘frc“t]ﬁfe)fpﬁﬂ D1). The above
formul a canmidlimetiers fisderthendallewingf Eormalad ength L3 of the third

portion 115 of the pozgl f o9 psyass flow of liquid silicon ranging from
approxi mately 50 kg/%‘? *t'eo&ZOpﬁér)oQ?’rra?gl y 140 kg/hr. 1t wll be appreciated
that the preferred configuration of the first, second, and third portions

309, 131, 13:5ﬁ)fabbhe f@ﬁiﬁf E:ll_&ﬁrﬂ&i&e!ﬁld_&duﬁendeﬂmmlﬁmtpﬁfe&eﬂrﬁw udi ng the
esired mas te.o iquid silicon, . Accordin t present invention
is not Iini eé’ggi!yoi pRLi ¥he ot hsh S5 OB 1?’€e°€ot§'ﬁ g"%%z]ﬁ gtsetfo hér ei n.

[0068] As shass Ehowi gf Biquidpidsicoguaadgang eftdny appyenamatielyd88i gnat ed
151, is sup d+hy NaloTol d1 lol @ an qggﬁri : guard 155
connect ed t(ﬁ}glr/(})lﬁr tguﬁ’ﬁelf% 159%1@1%(110( %ﬁ(_?gf vvofl%f I (%Qee;ar@rs%%(%\%%)gdby f our
cabl es 163, thagsthgnPyeterred SANIATUEAE1SR0AR) tistleiithg a8ForPentPle guard.
The pul | eys tH5%4 poitdls coomeatiad asacghehé Aébzldads rgpendandpenl?73 t hat

i s accessi bl e f.rom outside of the,. dockin ollar_ 9  The handle 173 may be
manual | y turv.g&of‘lg 9#8?%’?%’ thrédsﬁ?dén[g %ES §ﬁ§lir‘%l S8 thc?v\ﬁ Qﬁeoépl ash guard
155 -duri ng ldguidt pohiosnt hehgrandimgdys ehbeypreseae gptentiicqquaisdnots5 has an

i nverted bowimikaRer¥ spedDs QPlinleis13RE B8t ERE ndAz Al Ia¥v 1tleln silicon to
pass through the splash guard. The splash guard 155 nmay be nade from fused

quartz, fuséfrein
[0o068] As shown in Fig. 3, a splash guard assembly,

generally designated 151, is supported by the docking collar
9 and comprises a splash guard 155 connected to four pulleys
159, 161 {only two of which are shown) by four cables 163,
165 (only two of which are shown) extending up from the
guard. The pulleys 159, 161 are connected to a shaft 169
having a handle 173 that is accessible from outside of the
docking collar 9. The handle 173 may be manually turned to
rotate the shaft 169 and raise or lower the splash guard 155
during operation of the melter assembly 1. The splash guard

‘ 155 has an inverted bowl shape with an open top and bottom

) to allow molten silicon to pass through the splash guard.
The splash guard 155 may be made from fused quartz, fused
silica, silicon-carbide coated graphite, or other suitable
material. The splash guard 155 is sized to fit inside the
heat shield HS of the crystal puller CP so that the guard
may be lowered close to the surface of the melt M in the
crystal growth crucible CC as shown in phantom in Fig. 3.
The splash guard assembly 151 protects the heat shield HS
and other hot zone components from splashing and spraying of
liquid silicon in the crystal puller CP during the transfer
of liquid between the melter assembly 1 and the crystal
growth crucible CC.




silica, silicon-carbide coated graphite, or other suitable material. The
spl ash guard 155 is sized to fit inside the heat shield HS of the crystal
pul ler CP so that the guard nay be |owered close to the surface of the nelt

Min the crystal growth crucible CC as shown in phantomin Fi 3. The
spl ash guar Wn200@98802 151 protects the heat shield HS aREI/EEHY Y0269 zone
conmponents from spl ashi ng and sprayi ng2of liquid silicon in the crystal

puller CP during the transfer of liquid between the nelter assenbly 1 and
t he crystal gromﬁh crucible CC. WO 2006/009802 PCT/U82005/021369 22 [0069]

I n use, the dier enmbl y r vent i ntly nelts and
pours ponsF?F Jn tha ng égg ég€?$6%$ Jigv% §L£é§¢f The nelter
assenbly 1 1h’a§1@qmdiﬁfa£i@a§ﬂ-gnmehm a@dd&i@nmlb’éiﬁécéasW?ﬁ cbhnected to

the crystal youdivig G;'%anp tﬁa%CB§EG§t§vh§e§dé/§t@‘ o3\ ﬁ\altefuss@é@@ Wi th
liquid silicon and then rengved fromthe crystal puller, for |nst |1 ation

of the uppe?a?nﬂImQQH%@EéFeSP@nfBPaBrbﬂd%ﬁﬁ &5k L9 PPcEASLHY 0TS
portabl e desogmhe(ﬁrﬁdﬁilﬁ@hﬂ&érasneﬂblyedh&ﬁgammheacxygnallgaoWim@st savi ngs

pul 1 or's cp LeSgILE s B'ch TEayEh, BEEECOR tarld EnelbeREUU CErofl AL C ool Vhg
wat er  (not cxy®vm PuﬂkﬁnIQPCiprpéméta¥¥Eﬁ1QﬂuﬂﬁnﬁheaH§PBErQélbashamhﬂﬁ shown)

are connectﬁd f& R 8¥S8ibivod - iddte 1.t hqnaabervabm &%igh t he | ower
housi ng LH |s closed, _.to_is iate t he Igﬁ@ ﬁmo;usmg and, t he upper
housi ng UH SR ASSEOPL L WS A PEPIAGAPENECPBWRRY HHIRi ng and

repl aced mﬁbp téquxnﬂﬂgmbnagsenbhngleamel&énnﬂssﬂmhim rhBEtgmay 3sedvf iy

ti ghtening ﬁgﬁtiéﬁgu€¥§(gy1n %Ehgg ngbﬁéwf %4§% r)n(gocking collar 9 of the

nmel ter asse Rousi |ter assenbly is connected
to the pol§@9 Qbon ﬂ@é@EﬁnOBmPAVt@ﬁlébmme%HQQk?lﬁhéSﬁeéeéil@F vatex he nelter

assembly 1, (hé€e @dwr) @crRlitan ﬁéﬁ@f‘blﬁfoﬁ Sshdu‘i‘HDVﬁﬁdbﬁui‘QéUy&% punpi ng and

replaced with an inert o] ressure in the

ot or a6 SRBE YRR At CREPER enES DS Bienbly BT CSRAE,
the gate valve GV in the lower housing LH (Fig. 2) is closed
to isolate the lower housing and the upper housing UH of the
crystal puller CP is removed from the lower housing and
replaced with the melter assembly 1 as illustrated in Fig.
3. After tightening the flanged connection FC between the
docking collar 2 of the melter assembly 1 and the lower
housing LH, the melter assembly is connected to the
polysilicon feeder GF. After connecting the feeder GF to
the melter assembly 1, the air in the melter assembly is
removed by vacuum pumping and replaced with an inert gas

) (e.g., argon gas) so that the pressure in the melter

assembly is approximately that of the crystal puller CP
(approximately 10-30 torr). After the pressure in the
melter assembly 1 has been raised, the gate valve GV is
opened to allow the atmosphere in the crystal puller CP to
permeate the melter assembly 1.
[0071] As shown in Fig. 10, granular polysilicon GP is
added to the melter crucible 65 to provide an initial charge
of approximately 4 to 7 kg (for a melting crucible having an
20 cm (8 inch) inside diameter) with the optimum mass for
the initial charge of granular polysilicon for initiating
melting in an 20 cm (8 inch) melting crucible 65 being
about 5 kg. The power from the power supply 100 is turned



(approximately 10-30 torr). After the pressure in the nelter assenbly 1 has
been raised, the gate valve GV is opened to allow the atnosphere in the
crystal puller CP to perneate the nelter assenbly 1. [0071] As shown in Fig.

10, g¢r anul ar, @9&0@‘{9& con GP is added to the nelter crycsgkﬁﬁ f{zg“ﬁr oyi de an

initial char proximately 4 to Zskg (for a nmeltin aving an
20 cm (8 inch) inside dianeter) with the optimumnass for the initial charge
of granular polysilicon for initiating nelting in an 20 cm (8 inch) nelting
cruci ble 65 being about 5 kg. The power fromthe power supply 100 is turned
WO 2006/ 0098ﬁ2t8C3féJ8?&)5ﬂd)3&136& aZBeeﬁatm@r@.v&ﬁ&tl&d(‘ﬁhef uppeereeil ng

current to pe 0 ar ou th c tor in Fig. 11,
the initi aFEcﬁr g%é Chpoﬁ‘ifsﬁp &fn%%P ﬁs tflﬁ‘% be i’ ng %2 nelt due to
the heat franithal ngharge csﬁjmelmsgﬁlgga Gmdm otrhn qmlctléﬂesbﬁgéaﬁ S generally

near the boheof @hete (1 gl FHOAM UReOhe i 21N s diitby! hi6OBNANELAROVE an
unnel ted plu

g S|I|con I n qh nozzl the bottom of the
cruci bl e 65™ AfePh%1}+ﬁ9$) 5 ganerad ! gtaaar of ?HEPtQEF Qf F%ﬁ ipibialof
unnel t ed pokhargecoh g]%msla&e[wmadlbbnmmdheabm taan winleilted pBuhyofin

| nter medi at g0l 29 hoRsi 1lod 4 li%e%Pe 2pSkLR0 48 e ihe ol Beapfle S0l |

pol ysilicon Friedi ate | aye Separate % Fom t ten silicon
by an annul éEF-‘uﬂ?bPHeAﬁﬁadJPétéﬂte tlﬁ?étééhl @altms |stage off Fig- ARkt AnECRr uci bl e

65. As the gmgadl af mﬁé'ﬁéd y@h&ebhsepth@ shdreneic gron daasi ty between
t he unrrelted anul a"[':h ol y5| con.an

d I LS th
vord AV 1 nPeREeRerE HEF Mt #o4Rtaehetinhe! R, Sl het TheFREEET ' (e
cruci bl e GSaCSNUShumstutélQﬂniIQUidaaaﬁysQ21d£p¢mNaﬁl1qmmmerThappl|ed to the

coil .95 so that Eﬁlﬁe i&éxméL alg sgb%EH %ﬁ Pxf’é@/sﬂﬂ &R 's?.lggjaltled to

nDIteh silicon L exce crust |con paced above
the top ofthé“nBP@%%ﬁleQkﬁnﬂv'Pﬁéa§PG§tt¥£ ?Rﬂ%ﬁ?%rW%Nﬂelﬁéapf Shethe nol t en

silicon LS sedtphgverisible d9 quw& $:lhbl geanuidprpspisisiicg: opt meltkhe
or uci bl e 65, gr 0 IPYSIEN, dboldlRy BelGbBhoRY LRl Yadlaberces from the
coil 95. At g ¢ cnsily © g
polysilicon and the liquid silicon (LS) causes the void AV
in the melting crucible 65. As shown in Fig. 11A, melting
in the crucible 65 continues with approximately 12-16 kW of
power supplied to the coil 95 so that all of the initial
granular polysilicon GP is melted to molten silicon LS
except for a crust CL of solid polysilicon spaced above the
top of the molten silicon. The crust CL holds in the heat
of the molten silicon LS and prevents the liguid silicon
from splashing out of the crucible 65 during movement in the
crucible by the induction forces from the coil 95. At this
stage in the melting process, a void space VS separates the
crust CL from the liquid silicon LS in the crucible. BAs
shown in Fig. 12, an opening OG is formed in the crust by
pulsing the upper coil 95 by increasing the power to the
coll to approximately 60-70 kW for short time intervals
(e.g., 20-30 seconds) so that the level of the liquid
silicon LS is raised by the induction forces from the coil
to contact and melt through the crust CL. The pulsing of
the coil 95 for short time intervals continues for
approximately 2 to 5 minutes until the crust CL is melted
through.



stage in the nelting process, a void apace VS separates the crust CL from
the liquid silicon LS in the crucible. As shown in Fig. 12, an opening OGis
formed in the crust by pulsing the upper coil 95 by increasing the power to

th il npately 60-70 kWfor short tinme inter 20- 30
segonggl) so%toﬁ@&’r’@ﬁéé’zl e\e/eI/ of the quu%ps sili clon LIS S I@I@%ﬁ?ﬁ%e

I nduction forces fromthe coil to confact and nelt through the crust CL. The
pul sing of the coil 95 for short tine intervals continues for approxinmately
2 to 5 mnutes until the crust CL is nelted through. WO 2006/ 009802

PCT/ US2005/ 0@d-8H9 24\f[t@:Q7&éle\th§rtnﬁ\ig‘lﬂg:l't&rc@'ugl& the adastiéhal additional
granul ar n added.t 3 . At this point
in the nel tI’ygAI‘Ilraf)\ig s??:)stl;écgol gp ?? hgdeé%%x?g%dl ﬁug&b?e ?% }Il St portion
109 of the lﬂ)Iz,zI e’\tBB'-hlﬁr ®eanti iy Mtw@ng mcesSf.rbheeapli@gﬂeuga cruci bl e

65 allows gheaEidaitl qliattoche Eﬁrg@lgwhtdh bid® desihednbeyed ssbefore t he
cruci ble is drained. shown ranula QOI¥S'I'f i s added
at apprOX|an%N§PQIﬂ9 mehteR, fi éF%ng%ﬁ roqi FB §TRGHATS ?% begi n
raising thalhwéd the gietltahélghntl-mtm belﬁamda\mwthleedesdmadtbe'oél t he crust
| ayer CL. AEeE&Lé éIeagﬁ%ucHI’;’iep%’eéréPnéé‘e G 's[hoivn] Hcirﬁgpe AO approximately

160 kWfor a nmaxi ranul ar I con approxi mat el y
70- 85 kg/hrgrmul%rh@qhﬂﬁ}étlrcaneaf’ehﬁo%#%tatt H@P#@Ktlmﬁéraélﬁt tI’-P(Fl g. 13A) at

this stage ﬁéxidilﬂn reltd rx@ gs, aaﬁbﬁtﬁl'V'@ttﬁdxyeﬁ&gvmﬂot89b€§‘hn(iaﬁsiﬁ§3hes to 3.5

h 73 ti th tial I I I GP,
addi £ bnal panmL HedBRE AR, RORs LR LY pEed: sBeDrEmirnE o83 and Tan)
and nelted theid¢rusie layler Ciei ght thiFisgtadel) the mwse‘dtbothgpq:@xl niegt el y 250
mm (10 '”Cbﬁé}?aé\éﬁ(tbo BproRiaabe sy aié’o %ﬁgf& 'aow@&fiﬁkuhnwo&hfaé@t?f zone of

the crystal p05|t|one I n crystal gromn g cruc
general |y ngﬁﬁn?Iﬂ¥sﬁ9M%ﬂ%§1§P“tﬁ8 °§|$PR%9¥¥H§§?1M 79n8wnken Bhan%%n1|n Fig.

3). After | enerilustdatespleadbdimant divd ndiitg hedghtpawgrigs ss@plated to the
this stage of the melting is approximately 38 mm to 89 mm
(1.5 inches to 3.5 inches).

{00731 After melting the initial charge of granular
polysilicon GP, additional granular polysilicon is added teo
the crucible (Figs. 13 and 13A) and melted until the melt
height H (Fig. 14) is raised to approximately 250 mm (10
inches). Next, the splash guard 155 is lowered into the hot
zone of the crystal puller CP and positioned in the crystal
growing crucible CC generally near the surface of the
silicon melt M (shown in phantom in Fig. 3). After lowering
the splash guard 155 (Fig. 3), power is supplied to the
lower coil 99 from the power supply 101 to raise the
temperature of the bottom wall 107 of the crucible and begin
melting the sclid plug OP in the crucible nozzle 85 (Fig.
14). At this stage, the power supplied to the upper coil 95
is reduced to prevent the liquid silicon LS from
overheating. When the solid plug OP has been melted by the
induction current in the lower coil 99, molten silicon LS
begins to flow from the nozzle 85 and passes through the
first, second and third portions 109, 111, 115 in a directed
flowstream (Fig. 15) generally aligned with the central axis
of the nozzle. When liquid silicon LS begins to drain from
the crucible 65 the feeder GF should be set to the target



| ower coil 99 fromthe power supply 101 to raise the tenperature of the
bottomwall 107 of the crucible and begin nelting the solid plug OP in the
cruci ble nozzle 85 (Fig. 14). At this stage, the power supplied to the upper
coil 95 is reduced to prevent the liquid silicon LS from overheating. Wen
the solid piwgpotdhoosees been nelted by the induction currepot/uszeoséeessbower coil
99, nolten silicon LS begins to flow 25somthe nozzle 85 and passes through
the first, second and third portions 109, 111, 115 in a directed flowstream
(Fig. 15) generally aligned. with the central axis of the nozzle When |iquid

silicon LS be]c.jl ns to drain from the crucible 65 the feeder ihoul d be set
to the targePiXE L Fees0rapeTPEs2boRy Oeﬂé"&/hrZS BHF9*§9I FRSNTIMEPT ate of
about 85 kgmblterDuilngdnme.sf lfQWmof:hen@i-mceirblas l65gomheSmedemhehghtrimicsbl e 65,

the nelt he£ htl 1;(% sﬁq_cl | qgllndt conrggg}‘%éﬁr u&bk\g ﬂgggg %’ﬁ'd noni t or ed

and the feé granul ar Sdaccor I'ng
mai nt ai n théhﬁef%ﬂ Ifat@t qfhargpuﬂnrunpcbmllm l@sﬁdﬂuﬁﬁgdt o the d| arret er D1

ofltheI ori faefsofl%ﬂn gl ttc;‘h%\ai'i‘i‘é%&nhﬁlégmedi‘éﬁﬁ snef%t?%%e F@ﬂqmt 1L&viE v?l ueb Ithe
pol ysilicon eed rate shou reduced and. i el el ow
t he opti rrunF95??|%p°‘f‘*1‘é‘ tg‘&t 1??185?’8 Bk g é:rh(?aggd SRt th#ﬁ’brﬁ en
silicon LS meldrieighty H ndmeishabowacthé eoptbimunt valpewe theopohesitbjpsen and

| over col | ngéd 9&&%&&3% %@hHEES ﬁgz’g@d{eﬂf“&ﬁgy‘eggh ne 95'0‘”“ of

superheat (e g ast appr oxi nmat e rees Iquid silicon
exi ting t hebefoki e aRiAzIUm g9lugpothe mate ©shoyda ReodRErersefanul ar

pol ysi | i conwiPle htge b.&ﬂrtedﬁls,lﬂqeaﬁ tBOﬂ&td'ﬁfrﬁQ@erfx% thBecQﬁaﬂbli@r

pol ysi licon |sturnei_ﬁ:i3tn§t pove )tcotheu % ﬁ { (élPJcedto
appr oxi rrateF&L/' 12°%RCYA™ ¢t Jges t?\% MFE 5198 3 aPfied ‘? 16). If
needed, purgdjgssed (& gaintgdm ghe) ophimie amiiut m‘ tSIuDenrbEaGr (asgenbl y to

| ncrease ! Nge Pl essur ol Mol iifac233°00! deghled QXD AMNe NERELAI BE18LbRCON out of

the crucible nozzle at” an approOpriate’rate. As the nelt height Hin the
cruci bl e GSexHFb'EJ% the, epcddle BR2EAEBdf | qui d silicon LS passing

[0074] Once the target amount of granular polysilicon GP
has been delivered from the feeder GF, the granular
polysilicon feed is turned off and power to the upper coil
95 reduced to approximately 12 kW. At this stage, the
crucible 65 is drained (Fig. 16). If needed, purge gas
(e.g. argon gas) can be added to the melter assembly to
increase the pressure in the assembly and force any
remaining silicon out of the crucible nozzle at an
appropriate rate. As the melt height H in the crucible 65
drops, the mass flow rate of liquid silicon LS passing
through the outlet 85 of the crucible is reduced. The purge
gas can be used to pressurize the remaining liquid silicon
LS in the crucible 65 so that the liquid silicon flows ocut
the nozzle 85 of the crucible at a sufficient velocity to
maintain a flow stream generally directed along the central
axis of the nozzle. It has been determined that
approximately 2 torr (0.04 psi) of pressure differential
between the melter assembly 1 and the crystal puller CP is
preferable for approximately every 10 mm (0.4 inch)
reduction in melt height H to maintain the desired mass flow
rate of liquid silicon LS. After completely draining the
melter of all liquid silicon LS, power to the upper and
lower coils 95, 99 may be turned off and the splash guard



through the outlet 85 of the crucible is reduced. The purge gas can be used
to pressurize the remaining liquid silicon LS in the crucible 65 so that the
liquid silicon flows out the nozzle 85 of the crucible at a sufficient
velocity to_ mmaint a flow streamgenerally directed entr al

axi s of the“%’?%’@gs“?t has been detern} ed t hat approx?ﬁ‘grf’g?vosgoziﬁ?r (0.04
psi) of pressure differential between™the nmelter assenbly 1 and the crystal
puller CPis preferable for approximtely every 10 mm (0.4 inch) reduction
in melt height Hto nmaintain the desired mass flow rate of liquid silicon

LS. After Cﬁ@lﬁﬁéeﬁa Cih%b”'tﬂg as&u&@lécﬂrlaqf gal | Thbqgaaesvélwrbﬁ%heoower to
t he upper wer .coils

r ned and uard WO
20061009802{]‘?’@?7 S‘ﬁo?fséé Cg%ségst‘? F0dgtent e-t ﬁE°HB%k%HﬂB% * 9. The
gate val ve Béxtt heehd medrelroassagblyd 1 siclfidded @iktbhohatreat harﬂgxetmt h chanber

G&C. Next, XﬁBPé‘ss”{FJ%]% asaeEbLY a,éiéléé'éﬁed swl%o sxi\{a agPasse nbﬁ essure in

order to oxidize the si |con oxl de present and
prevent uncHif rltEF B@FSWHQYandsP¥¢Y§ﬂF(EHQ$§tﬁﬁéﬁeG|QBBﬂh%%tQ%n of the

nel th er assegbl yedr mldtehapagyagabom@éﬁondla;ﬂ ehef ﬁbtteg ab@emi>lt lezrrdﬂs Clss errbljy 1
with air, the assenbly c e connected from t cry uller an
stored betm£% q%ﬂgpﬁﬁgearalh? €%;%%P%N tﬂ@ﬁgggeﬁ% m%§§

i medi at el ywptlemm ftdne Beshubgvnganabﬂ)tdnacocmpsmgti fubnethe Ad:lt}eﬁrtarlenovi ng
the melter gseRmblop ahg tsleeruapsétm'rméilﬂgofanhharsmael cPldSioP can be
repl aced and the er ared %$ro uce silican in ots fromthe nelt

M [0075] Thie dﬁﬁ&%ﬁ%y ﬁelﬂﬂ?? Lok nsRped &Prt REC iFﬁﬁ%it i nvention
results in andtied amistialgpaddeti!| | Aftere rexiovilg phkymeltepnasoenitsly mat eri al
in the crysjfal 0, I approxi mat el y
flve to 7ive oy ek HEbg, 6 Gr otnd VBRES, Bualdy' B0 Ginfie TED

convent i onaremia#@ﬁd]@f}ﬁoélhepp@ééﬁatPmpc’!lff-‘d He @Prpguge sgimpnglmqm B e CC of

t he crystal spsh | e GRIAKES apprOX|nater 18 hours for a 250 kg (551 | bs)

charge. The g3l GAR! oheTacidN! SFSehd aet i LiSeRBLLeL SEsEd!y 1 of
present invention results in a total melting and £ill time
of the polysilicon source material in the crystal growing
crucible CC of the crystal puller CP of approximately five
to five and one-half hours. The fill and melting time of
the conventional melting pool preparation in the crystal
growing crucible CC of the crystal puller CP takes
approximately 18 hours for a 250 kg (551 1lbs) charge. The
significant time savings by using the melter assembly 1 of
the present invention significantly increases the ingot I
production of each crystal puller CP filled by the melter
assembly 1. Also, because the melting of polysilicon is
isolated in the melting assembly 1 and does not take place
in the hot zone of the crystal puller CP, less expensive,
non-dehydrogenated polysilicon source material may be used
because the splashing and spraying from adding polysilicon
having a higher amount of hydrogen is contained in the

" melter assembly.
[o076] As shown in Fig. 29, the melter assembly 1 of the
present invention may be used to service multiple crystal
forming apparatus (e.g., crystal pullers CP). The melter
assembly 1 may be operated as discussed above to deliver a
charge of molten source material LS to the crystal puller CP



the present invention significantly increases the ingot | production of each
crystal puller CP filled by the nelter assenbly 1. Al so, because the nelting
of polysilicon is isolated in the nelting assenbly 1 and does not take place
in the hot zone of the crystal puller CP, | ess expensive non-dehydr ogenat ed
pol ysi | i con VEQ¢WBPBt eri al may be useg because t he splggﬂmﬁﬂ’ﬂWH prayi ng
from addi ng polysilicon having a high f anmount of hydrogen is contained in
the nelter assenbly. [00761 As shown in Fig. 29, the nelter assenbly 1 of
the present invention nay be used to service nmultiple crystal formng

3pParatus (&nd. enh Kibvla ) b3 £CRhg dEEndTEl G (ncASIHEY dndmy De oper at ed

as dlscusse above to nol ten source materjal LS to the
crystal pul FEPt@l%%@ﬁ? @@MS“PC?FIB?%EPWP\%Q FORr, fAYPR&h noved by a
lifting mecpaplers (CPtarhGMownapdsithished | fsir ericedbycent meysenl pul ler.

Four crystal olihl 'S, GReis. SAOUAARRSLECE A Ve Gletas BysLhien yo! et

assenbly 1 1's" un a6d assenbly ervice nore
or |ess thaﬁoﬂb@rSwaﬁﬂQﬂmqnﬂIogréeﬂﬁthbﬁn fOQExRﬁRQQﬁ}'Pwéﬁﬁrﬁewééb%@tof this

i nvention. h@g;;élﬂgm¥fgﬂtﬁﬂé 3TepabbY dnis {nverdt ARSI tloned relative to the
first crysti ?ﬁLI and is operggfd as. dg&crlbed ahove to g élver nol ten
silicon LS £8° cr BT I I5e T ASEREPLY | T 518 FirAtPqsitiionedate fREEYS bed

above, the uppeheafiiirst av¥yrstaldpalilen CBlinﬁlﬁh dferatedhashdaseribed operat ed

to melt soypgge ”@696%1"‘}[\& @%eﬁekaﬂgo égeufés u%g%&% &Ee ﬁé;eam of

nol ten sourCe matéria rou nozzl e
assenbly 1 tférﬁﬁecmtl?ﬁ%rm&ltﬁre cés GPSF’f’]bb‘Fq‘ raRove.y $hey UEGPFan@P Af ter

servi ci ng t hewktr shdudt ys a:loiFll:b' logr, 6B, of hﬂ'xé«lmhﬁtd”iol&&len@pﬂklaﬁédth@ second
crystal puIIe& t hat _encl gses, t.h gb cgggb (fC | g%v ﬁ g the nelter
assenbly 1 MS1pogPPFondipLifoid Pﬁé St BSvatid ?3? §LH¥%Er housi ng
LH of.the secehdeam| ¢&rmolittan saﬂrpsrmaSeen@lytnatnﬁAQwﬁ ﬁ@spugbnbherelative to
the first ﬁagzﬁsceﬁdofra&% ademlﬁ sséeﬁﬁlfyl A &N o1 cHiRWBLeOEc Ot her

lifting mec anlsn1 The crane used 1o ral se L ,
of the first crystal puller CP. After servicing the first

crystal puller CP, the upper housing UH of the second
crystal puller that encloses the pull chamber PC is removed
and the melter assembly 1 is positioned above the gate valve
GV isolating the lower housing LH of the second puller. The
melter assembly 1 may be positioned relative to the first
and second crystal pullers CP by a crane (not shown} or
other lifting mechanism. The crane may be used to raise
the melter assembly 1 above the first crystal puller CP so
that the melter assembly may be transferred to a position
above the second crystal puller. After positioning the
- melter assembly 1 relative to the second crystal puller CP,
the melter assembly is connected to the lower housing LH of
the second crystal puller. After connecting the melter
assembly to the crystal puller, the melter assembly is
operated to deliver a stream of molten source material to
the second crystal forming apparatus. It is understood that
the method of servicing multiple crystal forming apparatus
could be applied to any embodiment of crystal forming
apparatus described herein or any other crystal forming
apparatus without departing from the scope of this
invention. Further, it is understood that after completion
of the melt and fill cycle, the melter assembly 1 may remain



the nelter assenbly 1 above the first crystal puller CP so that the nelter
assenbly may be transferred to a position above the second crystal puller.
After positioning the nelter assenbly 1 relative to the second crystal

puller CP, _the nelter assenbly is connected to the | ower hou5|n t he
second crysV 20800 After connecting the nelter asseRbly %8M%ﬁggcrystm
puller, the nelter assenbly is operat to deliver a streanlof nol t en source
material to the second crystal form ng apparatus. It is understood that the
nmet hod of servicing nultiple crystal form ng apparatus could be applied to

any enbodi NBpit Ddnfry Hrdl thier gta@Dﬁ@IPéﬂ&:PjW medlobeaeremuwy ot her

crystal formn appar at us out de ﬁ%ﬁ scope of _th

i nventi on. ?ﬁﬁ%r“?& tex sast?ﬁﬂ‘%’rhlé't 88 efF§ o?rﬁl‘éa It and
fill cycle, puhhemal tHBr Jaassmdblmtanodayhaemd'm d@@@ﬂGbﬁQQ&@me@SZOOSI 021369
28 stationa pul €6gSPHBY Im?: ch8! ahhY8rgt@pt he nel ter
assenbly an regﬁace %%kg ggcon% sta ¥%% * ? Fs ﬁ%derstood t hat

the crystal thaF|a¥e nd ‘-t?é:rad'@@dlf‘oFéErv? e nore or Iess than four crystal
pullers CP [bbms] areAsJ Ismw&:atmdmg FiLy, é’r%tl{ém?t&]lu&&gsb.ﬁ%mbmylzi@ 17,

anot her nel tjng assenbl g i.,ndi ¢ hat is

subst ant i al F§° ‘921 ng?réﬁ'r%/lol% H@%&&M?Fﬂggggs%%% T"'%tsﬁg i" enbodi nent .
The nel ti ngsasibablyo 20t ofelting azsemblyidesoa the tfiixgt ernbgdbﬂnentzos with a
cl osed top \afﬁla.'rmZPJlngir hes fnf3A§d 209Pos VRE 4, 207 1qic1tda%srrsl meRginguci bl e 203

contains splatter_th occur when ranul ar I con | S added to
the noltenSEPFiRbm 493 |"H'tt¥hé cleers E° AL ztOrYg S‘evxéllPs?gp LORont ai ns

pol ysi | i conwdbtt20‘hasdf i thec medttddgwbencibbe gmamdcmtalml wpilatten Gkt s | oaded
into. the me n 0 0 r enbodi ment
of th b‘gkgg%%g%ﬁ%@& gé%%‘élrlg% ggﬂﬁ% %@Lg%wahd&t%& ggl Eggs an upper
coil 219, aﬁoﬂh@@r$&%ﬁQﬂﬂahﬁnun the, Caﬁﬁlhl¢owEH1&RMIthGZZQvaﬁl%ub%Tylng

i nduction cebh€aing opcmla}lélltﬂ&nsahbé tHQ{:Y.ﬁé'dféHteG:’wh'Qﬁl thdegkaAuBdso

Iprngilrjgﬁ: a rre tlflglcoruc&l h1|se 1%%Zie¥¥ t:g1 \(::hgsmee 1?-Pg cruc:.%?.l g83| n the
[0079] Fig. 18 shows yet another embodiment of the
melting assembly, generally indicated 215, that includes an
upper coil 219, an intermediate coil 221, and a lower coil
223 for supplying induction current to melt the solid
polysilicon GP. This design also includes a melting
crucible 227 with a closed top wall 231 as in the previous
embodiment, but it will be understood that this design may
be incorporated to the open-top crucible design without
departing from the scope of this invention. The three-coil
configuration of this embodiment allows temperature
regulation of the melt by control of the current supplied to
the upper coil 219, intermediate coil 221, and lower coil
223, Each of the coils 219, 221, 233 is separately
connected to its own power supply for independent control of
the current passing through each coil. The amount of
heating power generated by each of the three coils 219, 221,
223 may be independently regulated.
[0080] The addition of the separate intermediate coil 221
of this design allows the heat of the silicon melt in the
middle portion of the crucible 227 to be independently
regulated by adjusting the current flowing through the
intexmediate coil. The separate lower coil 223 of this



enbodi ment, but it will be understood that this design may be incorporated
to the open-top crucible design without departing fromthe scope of this
i nvention. The three-coil configuration of this enbodi nent all ows

tenperatureal({ﬁg%l@%i on of the nelt by control of the Cuf'é'?’g%’ﬁgy‘ﬁiiﬁhed to
| , . C

t he upper c %nt er medi ate coi l 1, and | ower coi of the
coils 219, 221, 233 is separately connected to its own power supply for

i ndependent control of the current passing through each coil. The anmpount of
heati ng power generated by each of the three coils 219, 221, 223 nmay be

I ndependent G¥sifg GG tHOHRhtTHE eleidiniva flowingpahabaeghntles nedi ate

i1 221 | ' |1, he h L] . L] 1 ddl
bor ti on of THELEF I 53, Piepe RanERy A <Y By RS BRtips S i n t he
current fl ofirequeneo i thiee curmestnfliPwirg dditoughhéhecpawgrecPbher coil 223
of this WO 2986/ 00R80%R¢TIdd340825024368e wWsbdlaY GredkkOWSmhffebpat of the

silicon flomﬁn? through the outlet 235 to be indepen entlé rggglated by

adj ust i ng t htelq By difcPudietnecuFhaht 793 T G ttlll’teomfgﬁwt RE POWETRoi | .

Al so, the | coesa smalled Aicmetiese thad the cirade damegeet of theebddtlet t he
outlet 235 tr rj t, flo 1] . | dIﬁ‘P&B t han t he
i nner di ame?}é‘]?' of'ﬂ?‘%}ellegél}%tel{b% f 5£1$ke§if'%éd%§ﬁl#(§%rfsEg\?/lsg%lﬁegm dlé{met er

passi ng thr 8hgreutlet AR allpys Sursherferntral @fhmedit Slowerate | &Pt ate from
the cruci bl en@2dradihieE dice andectatbes Ofh@btald ¥ ablhtgonodEl eheas a result

of the reduced. contact between the I|i id .silico assin ropgh the outl et
and the i nngpgéﬁ?f%ﬁea Fes% e°5u1t$8t ?g#b%%‘i]cqﬂt&crllg’ezﬁ’&ﬁg %In?uf?cﬁ"élrcp
enbodi ment efiliden pEdsimg ddoenghy thgeoet ket yanddineatiotde2b spurfaae ofhcl udes a

crucible 2pRshayi a closed top wall 259 with a polysilicon feed inlet 263
havi rﬁg t wo 45-edée{rfe%"bends 265, 267 for accommodating the outlet of the

gravity feedQPegg THig - désisewsoat APREhEHraTRSipent; o6nthesheltex s
gener at ed f aesembIphsdeidrdldyi HitdiehtddppbysitHaondcQudes ar ueudlisiend t he
mel t splattggstpal; Id SUades Qep1La11M28s LGP Y Y1Ysicon feed
inlet 263 having two 45-degree bends 265, 267 for
accommedating the outlet of the gravity feeder GF. This
design contains both polysilicon dust that is generated from
transferring the solid polysilicon to the crucible and the
melt splatter that frequently occurs when the polysilicon
impinges the melt in the crucible. The two bends create a
tortuous path inhibiting splatter polysilicon from reaching
the gravity feeder. Also, the two bends accommodate a
gravity feeder that is offset from the centerline of the
melter assembly so that the feeder can be connected to the
melter assembly from a different position of the feeder.
[0082] Figs. 20 and 21 show yet another embodiment of the
melter assembly, generally indicated 301, that includes a
crucible, generally indicated 305, having multiple chambers.
The crucible 305 comprises an outer bowl 309 having a bottom
nozzle 311, a filter cylinder 315 welded to the outer bowl
and having ports 317 (only two of which are shown) for the
inflow of molten silicon LS, and an inner cylinder weir 321
sized to correspond with the size of the bottom nozzle. The
weir 321 is shorter than the bowl 309 and filter cylinder
315 and surrounds the nozzle 311 so that ligquid silicon LS
inside of the cylindrical weir exits the nozzle of the



i mpi nges the nelt in the crucible. The two bends create a tortuous path

I nhibiting splatter polysilicon fromreaching the gravity feeder. Al so, the
two bends accommbdate a gravity feeder that is offset fromthe centerline of
the nelter asserrbla/ so that the feeder can be connected éo hg nelter
assenbly fr SR 2HOU0PI2r ent position of Hw feeder. [0082f Wé’é’.s"%és“and 21
show yet anot her enbodi nent of the nefter assenbly, generally indicated 301,
that includes a crucible, generally indicated 305, having multiple chanbers.
The cruci bl e 305 conprises an outer bow 309 having a bottom nozzle 311, a

f;'&ﬁf ﬁyl ié\ﬂﬁir‘]ib'ﬂe)'S 3}@|.d$ﬁhéomé¥.\€i@glt?l‘udlﬁMe 3@!5?_ohathfg @@é%@n Jak (@nly two
o] ich are shown 0 | oW en _silico nd .an J nner

cyl i nder vverf“?lsts”f’f c&afé)&rt gzéoa?tﬁlb%%&%vi FRECE; g’ggg?e{‘hgh%o]ﬁwo]m nozzl e.
The weir 3209 iand et diltkancyhinden 319 aandntirbiechapbénds2? 315 and
surrounds tfe N7 8 e3FL t . | B gL Iy :L.S4 5k NS} f cylindrical
weir exits }tgﬁré nozz g (])ftalfs'%g g\%%%%%#o%b%(#gelg%&llbs%gé}/ %§§3%9d{.%%1 crucible

305. The nefRamReL ARG sledingd BY B¢ SRRRS Jhaisde LhengViingrifahitgines
defined by s3#e. space between the bowl 309 and the filter cylinder 315, a

control cha 29 t h [ rCYl 1 e L1321, and a
drain charrg@r%g% dé?‘%n\ggg%gt E%aj' s‘lf)éafeb? r#gng’gguﬁgggy%gna%%%_ g’%\m r 321.
[ 0083] The abrve £@&1 nampieh85candt nay thel ugedidsc copbinabbor ¥bkh zzle 85 and

may be usedrégy SUiid dHdatRaVinb e af16@Sdisidnagsheatrpd Febiy Ghode wHi-de 337. The
fl ow guide 337 controls_the Eliwof [T agui d si |confrogﬂa?‘e mel ting
¢ ,

cruci bl e 308°BYFUS &8 FdoWheLs LaFHHT ot HARO oM S her 1 BI along the outer
surface of theciblewvins dg dddecdingttiee froantfirom thebiel €ingl crudiblrbodi nent

Olart"  opRia B il BELiaLLoU A dckghle RO TR 2 FLsel
and is axi a@F¥gWieh i grnadbdier §Ct helar the evkadigery3of Fige.ngftand ot Ayui de 337
has a heati fige ah&TEH10383Yuaaet D87 igsinlecd ddim bgba thakanguaiesns the flow
guide at a . LEMELAt We AR XL BEELY R A %A ShhIBE ¥ndPOYE.L Ne

bowl 309 and is axially aligned with the drain chamber 333.

The melt flow guide 337 has a heating element 339 on the

inside of the tube that maintaing the flow guide at a

temperature approximately equal to or slightly above the

melting point of silicon (approximately 1414 degrees C). As

shown in Fig. 21A, the flow guide 337 extends down into the

crystal growing crucible CC of the crystal puller CP (Fig.

2) and facilitates the flow of molten silicon from the

melting assembly 301 to the crystal puller so that splashing

and spraying in the crystal growing crucible is reduced.

») The flow guide 337 may be made of any suitable material

(e.g., fused silica, fused quartz, silicon-carbide coated

graphite, etc.) without departing from the scope of this

invention. The heating element 339 may be an electric

resistance heating element for use with a molybdenum,

tungsten, or graphite resistance heater. Alternatively the

flow guide 337 may be heated by induction heating with a

molybdenum, tungsten, or graphite susceptor.

[0084] Fig. 21B shows a modified version of the flow

guide 341 in the form of a tube that receives the nozzle 311

of the melting crucible 305. The flow guide 341 has a

heating element 343 on the outside of the tube so that



melting point of silicon (approximately 1414 degrees C). As shown in Fig.
21A, the flow guide 337 extends down into the crystal grow ng crucible CC of
the crystal puIIer CP (Fig. 2) and facilitates the flow of nolten silicon

fromthe enbly 301 to the crystal puller so ng and
sprayi ng |ﬁé1e crystal growi ng cruci bgle I s reduced. Thei’e?owﬁ)g‘lt’j %9337 may

be made of any suitable material (e.g., fused silica, fused quartz,
silicon-carbide coated graphite, etc.) " Wi t hout departing fromthe scope of
this invention. The heating el ement 339 may be an electric resistance

heating el em®Dted Q¥iliswnMLEN FaoWB! ¥heientia ndzylgsten, 1ﬁtogth@hfuhma.r esi st ance
heat er . rnati,v the .flow gu I de 3 be h te y heating
with a nnlgﬁdéHﬂhﬁj#hﬁ§§F&ﬁusoV 6?%%%1%: ébPHr% 863 ?igg shoms a
modi fi ed vef¥pwnohfmalitenf lsdWicgni 8 Budm mha lme 1itdng GtualbbgeWha\to recei ves

the nozzl e 8d gffwdle HRLb1RICE! UEl bhe Amealnpuihay abi deigilahas a
heati ng elenent the outside of t ube S0 i WO 20 6/009802

PCT/ US2005/ 621‘356"9"‘ tshf RSSVARUS| Pw%eeﬁl‘n@w diie ffr16’|‘ﬁ BH&R03%1™BY 1P nt o the
tube. As \Ahéhtécmao;prz@\sl@tt&n\ter Reatindg heiddunt igm teaBdhgdi oecasythe flow of
nol ten si IlggH Jf' "‘E@ rﬂ\%t l.ting crucible 305 to the growh crucible CC of
the crystal . As with the previous enbodi nent, the flow

gui de 341 mi?oﬁiel heeﬁlén t?ler sbpye aprethrm tvers ionn @fc thenLhewt gwide or any

ot her heati 5@s NEhd© kredddQR2] thednozdfe SOV RN Rle1tehgl epueibide flow guide
345 t hat I ble . 305. The flow guide

th |l e 311 of ,th t
345 is si zeggg\égﬁﬂﬁgftﬂ’g’zngﬁélfaeﬁf‘g é?r%‘a?r*rﬁ?‘%fg"ﬁ:gﬁ %i’%%sﬁl FEBRTERE | owi ng from
the nozzl e doesamodf mdteactsiflieonal.y DHiowinyg flirom ghedoczZlacdoedmenagtnl t en
1L G0N, docgoRPhe WA INGARLE BlokuldoW Wirde 348, nbligenoui de docs not

have heat i nic[x errent as wt E ous versions. ow_gui de 345
prevents |i §ui4cen |9Qash Not CPRSAFENENS At hPlc it BLeWogUidBn3dBnt BRe i ng t he
hot zone ceupaseddss Glot hﬁv@rhShahtwgleIenv&mﬂ dshavithownhet peavidiom the

nozzle 311 enterg thefﬁﬁpklow gh%ggd3§§|§§§¥hﬂ€§tfyauid gilicon LS
from the growing crucible CC from contacting the hot zone
components of the crystal puller when the flow stream from
the nozzle 311 enters the pool of liquid silicon in the
growing crucible.
[0086] In the design of Figs. 20 and 21, granular
polysilicon GP is added to the melt chamber 325 and the
polysilicon is melted in a similar manner as discussed above
for the first embodiment (i.e., induction heating by
induction coils 341 around the crucible 305). As the
granular polysilicon GP melts in the melting chamber 325,

7) molten silicon LS flows through the ports 317 in the filter
cylinder 315 and fills the control chamber 329 of the
crucible 305. Once the level of molten silicon LS in the
control chamber 329 reaches the height of the cylindrical
weir 321, molten silicon flows over the top of the weir and
begins to exit the nozzle 311 of the crucible 305. The
molten silicon LS contacts the flow guide 337 and flows down
to the crystal growing crucible CC at a slow, controlled
speed and in a direction generally axially aligned with the
nozzle 311 to minimize disturbances on the surface of the
melt M in the crucible. 1In this way, the melter assembly
301 supplies a controlled flow of molten silicon LS to the



growi ng crucible. [00861 In the design of Figs. 20 and 21, granul ar
polysilicon GP is added to the nelt chanber 325 and the polysilicon is
nelted in a simlar manner as di scussed above for the first enbodi nent

(i.e., induction heating by induction coils 341 around the crucible 305). As
the granul ¥0 3964/808802i con GP nelts in the nelting chanbePCBYR005/42436P en
silicon LS flows through the ports 3173 n the filter cylinder 315 and fills
the control chanber 329 of the crucible 305. Once the level of nolten
silicon LS in the control chanber 329 reaches the height of the cylindrical

weir 321, nplt an silic flows, over .t he 4 of th r begins to exit
the nozzl e %Eﬁ ]'ﬁﬁg 3&u€FBFéb§55&C (H%QHgﬁ §$F$§ R ﬁggcontacts the fl ow
gui de 337 aspldslvimg ddwiliquddt aéltcglstq‘ntcgrtdm Hgtcreoebparte of whes| ow,

controll ed -spaed %ﬁql'e'} 2pdi 1 @Rk ﬁare@rsemallw Che @Ilhzeel Egnegaad thi g he
nozzle 311 to m nim ze di_sturbances_on §§b ace 2 melt Min the
cruci bl e. 1#¢nicaksd hedevnEhee F“ﬁ§§%ﬁﬂﬂ t ilgﬁﬁﬂlﬁé 16080l r¥ 1 ed f1ow of

mol ten silickdt ldnyt arired £'48 20Q6£6A 96E: R(EE/ HR2E0oa821h369n BRe cYitptial growt h

cruci ble CC_j manner_ .t h d to the
hot zone parJt':[s]l o1 e MO f/"gtlglwg Fge}?a% ﬂﬁg&erlglgr Enel&%ﬁb Cﬁ%‘hﬁgfqﬁg
cyl i nder 310 %headqnﬂﬂpédCb@mbﬂmthé9sQﬁth§3&ﬂsemhéYIBQ&ld silicon LS so that

any unmel t edoggy con ptlwrenw Qﬁotvgogtmméw deRRmbi1 gy genékélpﬁn i s not
al l owed to pass fronlt nel tln% chanber 325 toF%gggéontrol anmber 329 of

the assenbl Je3tANaGesH @fﬂ Biigdiat 250 sHRSPEEHOUSe RERy, e¥etRY al |y
desi gnat ed Shdt sthe lmeltea hheepbeyloﬂsthiﬁuﬁmbuﬂﬁmeaxc&pbludéatathe mel ter

assenbly of C LU only a
anole | ntcPei g THUGBIL S8 hi08Ro o flf ) ol Tntlndd (B0 PILY
induction @%71 3B fauaible ﬁgspésyguanqq byha @ﬁ&@mgemct%tl%tlet 363
of the crucgsie Fob f&cme\ms.ng pehis 9ui ésh 36y taqrédcm&muéroumed by a | ower

et on CalL T e el el o oS e e on s

a is surrounded by a lower induction cecil 371 for the flow of
alternating electrical current from a power supply (not
shown). The lower induction coil 371 (also referred to as a
levitation valve) serves as a nozzle valve that controls the
flow of liquid silicon LS out of the crucible 355. When the
current is flowing through the lower induction ceil 371, the
magnetic field induced in the flow path of liquid silicon LS
is strong enough to block the flow of liquid silicon from
the crucible 355. The flow of liquid silicon LS from the
crucible 355 is controlled by turnihg on and cff the

) current supplied to the lower induction coil 371.

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



| evitation valve) serves as a nozzle valve that controls the flow of liquid
silicon LS out of the crucible 355. When the <current is flow ng through the
| ower induction coil 371, the nagnetic field induced in the flom/path of

liquid sili strong enough to block the flow of ] iljcon from
t he cruci bly 68“?7‘?2 flow of |iquid S%i con LS from thef 'E/?"g@f)ﬂ%é 36355 i s
controlled by turning on and off the rrent supplied to the |ower induction

coil 371. [0088] Figure 23 shows a nelter assenbly of another enbodi nent,
generally indicated 381, that is simlar to the previ ous enbodi ments except

the melter gssesd) enes nca%ﬂ@e@rut:@biéamé ofg | 'Mﬂoﬂédi @8BvkSthato the
crystal grow n crucib ourin

g % qg sili ver éhe iqg wal | 383
of the nelt FhY E?]cucq‘fﬂ"etl%ﬁuc’? dentft da"s:‘s i B3 &HH& 8L HeR er 389
t hat heats Laelsrepdmrmimml ithe 88p wall net ttl'sa)lcniaqadnllysslfhn&dmgl bhe

controll ed 9}\; %ﬁ;t n c0| u%té_g froﬁ%“&&rﬁ%ﬂ%}r&}ﬂﬂ Qg %'el'h@che@}er 389

may i ncl ude éscr ove,” Tesl stance heaters any
ot her suit abeefhble@rcoptimeusdypdrring thepReatdcehef shet ArEstabent i on.
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melted, the ng cruci qtl?é’ﬁﬁ OSltIOI’led above the crystal growth

cruci bl e Ccegﬁ %igt%ﬁy%ﬁ? PP&UF 881P"ton LS is poured over the top wall

of the crucﬂbb&BTiII|FqguﬂE32¢:BmQWalagobheflpriﬂﬁtﬂn& cHystaelyfomhing owt h

cruci ble CCy fill o] [ of crystal
gB%e ?@7 ih vﬁ-ﬂe foin %E ?l Fd%é' Ad¥ A ARG droREn (Ei‘@)e

pul l er or | ed rocess at the end of a crystal

pul |i ng ses§FBﬁta}0EEHH1q9gﬁﬂﬂ??@&“§hoﬁsn ¥¥H1WQQQEte§rFAcry§P§I f orm ng
appar at us lpatrbecﬁmfnaqi aratduigeadellasdratddn (& wdh(gEEG)i ferystal growi ng

|1 | |l d
spperatvs, SGBRLAL o ) LS onUEn RRELYEHL 30 SO SRR JUL YS! 1200
shown) but ishows) ubaterst dicel urideirsthedapbat aths anaﬁﬂaxuscwnwlgared for formng

crystal | necbagi gerdavidy ﬁxk?ﬁrng EQ?QE&HI:‘?@ @&ﬂaé@tml% Befed |oOwer housing
LH1L encl osin a“crystal growth and an upper. “housi ng UH1
shapes. "The apparatus GA has a 1ower housing LHl enclosing

a crystal growth chamber GCl and an upper housing UH1
enclosing a pull chamber PCl. The upper housing UHl has
been mostly broken away in Fig. 24. In the illustrated
embodiment, the lower housing LH1 encloses a
crucible/capillary die system including a growth crucible
GCl, a capillary die CD1l, a susceptor S1, an inner heater
assembly IH1, and an outer heater assembly HAl.
[0090] The crucible GCl contains a charge of molten
source material SM1 (e.g., polycrystalline silicon) and is
surrounded by a radio frequency heating coil HC1l for heating
) the source material in the crucible. The crucible GCl has
an end face, generally indicated EFl, having a capillary gap
CGl formed therein located generally near the peripheral
edge of the crucible. The capillary gap cGl and the
crucible GCl1 have a shape corresponding to the cross-
sectional shape of the crystalline body formed by the
apparatus GA. The crucible GC1l has slots ST1 formed on an
inside wall of the crucible so that meclten silicon SM1 may
flow into the capillary gap CGl and rise by capillary
action. In the illustrated embodiment, the apparatus GA has
a seed SCl1 that is octagonally shaped to correspond with the
shape of the capillary gap CGl. The seed SCl is lowered



enclosing a pull chanmber PCl. The upper housing UHL has been nostly broken
away in Fig. 24. In the illustrated enbodinent, the | ower housing LHL
encloses a crucible/capillary die systemincluding a growth crucible GCl, a
capillary die CDl. a susceptor Sl1, an inner heater asse d an

out er heate”“ﬁgggﬂBFV HALl. [0090] The Iucible GC1l conta?ﬁt*@%@%gvgﬁ of
nolten source material SML (e.g., polycrystalline silicon) and is

surrounded by a radio frequency heating coil HCL for heating the source
material in the crucible. The crucible GC1 has an end face, generally

i ndi cat ed Efflgo hebHeadta wadBi khar ¥odeen $3Glido med theeRenchpedi gy general |y
near the per|£q$%ﬁl edge .of thg crucihle. The caplélaég gag éC% ﬁnd t he
cruci bl e GH2hd éxéﬁﬁgﬁléﬁfrﬁ BoFEP R (I TUFRCEr 0588 §BR: PBRAI SShape of the
crystal | i nerbsely fromuthebyaplidlaappdiatdll GiheTholteocshlécAriSMhsins| ots ST1
formed on e 98 tarald huhBue SE e &2 Rl nBRkERN a2l ibERNRME MY
flowinto the c |l 'ary gap C and rise by capillary action. In the
i || ustrat edtBrHGiEHe GlHe ragpar BY SRl Iy agtdepdincthengaPiLldje agonal |y
shaped to c@ap esPaeh iz e MBOELiLHT ddidveaDitidoar YhgaprGeiblidhe seed SCl
£

Is | owered 20061009802 PCT/.US2005/ 02 9 .34 int t with the nolten
silicon Sl\/llx\oﬁef%cecmyl I%z?r Vadaago(%lgt (])éarq.‘rﬁrﬁ CE 't éiggoag "sequence. As the
seed SC1 r#s@47 {43 tdhe4daTi2iBl, any230 6 TDBRNA Ho 0361, 666, skheécon SML in the

gap CGl is gdfgiodittie Olofl Nfidnea280i ARbAsdatidd HREein0BYy khgeféncd bl e CCl
rises by capillary actign in the capill

%# ) C llary . gap to repléenish the materi al
renmoved fr ofP¥ RAY GG e IniREMEELR er?ﬁﬁgaﬁﬁqnﬁﬂngBtBPS?lPﬁfﬁnt Nos.

5, 156, 978, céyseal 4okmihgt4ppa2dtud, 230, 674 and 4, 036, 666, the disclosures
of i ch aregi rporated herein b e I di tci | 1] tion
reg\é\t?hi ng c.%{)/gir;\fi onalj'iaiiF(.zahj gﬁ%’? a?{h%o'{'e?nftﬁég}cgaﬁﬁae&%tlﬁgi Fgogﬁ? tp—ligg%‘gashows
the nelter aBvembign lingtalledpeasthe EFG\arrsted ifeymingeapparahvs EFA cryst al .

form ng appgeakig. Al aoft RisJundérstbod Sthdtdamy ard tehahskBRoIp! ier assenbly

1 nn I 1 r ving th r housin
co eCtchgnécéLf%ﬁ“%ﬁﬁ'ﬁ%pgéate EETRY hntovingREe 1282k flousing

UHl enclosing the pull chamber PCl and connecting the
docking collar 9 of the melter assembly to a flange FAl on
the lower housing of the crystal forming apparatus. The
melter assembly 1 is then operated in a similar fashion as
discussed above to fill the crucible GCl1 of the EFG crystal
forming apparatus GAl with molten silicon SM1. When the
crucible GC1 of the crystal forming apparatus GAl is filled
with molten silicon SM1l, the melter assembly 1 is removed
and replaced with the upper housing UH1l for operation of the
crystal forming apparatus.

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



UH1L encl osing the pull chanber PClL and connecting the docking collar 9 of
the nelter assenbly to a flange FAL1 on the | ower housing of the crystal
form ng apparatus. The nelter assenbly 1 is then operated in a simlar
fashion as _discussed above to fill the crucible GC1 of the EFG crystal

form ng appaf AW with nolten sili gg)n SML. Wen the PETHSPUFRIE81 of the
crystal formng apparatus GAL is fille with nolten silicon SML, the nelter
assenbly 1 is renoved and replaced with the upper housing UHL for operation
of the crystal form ng apparatus. [0092] Fig. 26 shows another prior art

crystal forippga) apPaAftdiwrd8Rera! V26 Ndi kAt GhEMus’ @n2Wiheluabe mel ter
assenbly 1 of the present inventionh may be use |t en source

t |
materi al SVBWOTRR3CSY ARATY StHiRgSappir attl thad H%ﬁssgﬁzg‘%ﬂﬁgfghﬁ crystal
pul Iing apparatilslé had2 uses nelle SMRr contimed | et i@.oWCar¢E86) iaet hod to
produce a S%&ch8r?’%}%{40@ﬁér'r§%oﬂygg2n Srde HRMypLAD the melt SV

contained in_a cruc IS crystal form ng apparatus GA2 Eroduces a
thin, wide sheetrpgally gompested gol Yheyererihlfe GG2 whdghocanBascEyW al | i ne
e conduct r dous om0 3008 000802, RoT] LeP00S 0oL305 85 F0093], AS Shour
sem conduct or_ devi ce shown
in Fig. 26, CFHSH%‘Ea‘?%& lfse‘éfési% uasﬁ%%ﬁg Y Wi‘d&?‘[ tg‘Fr Lﬁéﬁé%%l, SS2

t hat pass t BR2uib ghewn andiincere@88sahbe ngphal S afortthe wewrsthdr ei Bt Current
I's induced;in : e s)! e LC onnect ed
to the crucf'gl gﬁ%ﬁé%%ﬁfg 1??8399% %ttgﬁ{%li% of ltc%(h; ?rtélﬂ: gi’A‘I;)‘)/hlé))lcl ow
barrier HB2MAY PReadded i thecerucdBlecSCe HELdE (SURRIYh tPEnSHR| 8R4t he

crystal CRael8edr theréinl io)@oaasehet Relgusti2 !y HOthdardangr yatial HCkt s
he. ot uct bl 47e2 91 b G e 8o thi S 1 REIRE, B BRI he el
SM2. A heat EAgreei raterial Rng the) medkr WA dbn tthe agiibile .GCZheéor heating the
solid souree,dRbesi @l Ak DamTR! LublPurd £de &gty iRl thEherucigeibl e GC2
has a melt %%Egrkggefégléﬂgﬁfnﬂy% %230%£“§$£i§2 so that the melt may be
replaced with fresh source material. As the strings SS1,
§S2 are drawn upward from the crucible GC2, liquid silicon
between the strings is removed from the crucible and
solidifies as it cools to form a ribbon CR2 of solid
polycrystalline silicon. It is understood that the
apparatus of Fig. 26 would include a lower housing LH2 (see,
Fig. 27) enclosing the crucible GC2 and an upper housing
(not shown) enclosing a pulling apparatus for pulling the
strings and the ribbon CR2. Reference may be made to U.S.
) Patent Nos. 4,689,109, 4,661,200, and 4,627,887, the
disclosures of which are incorporated herein by reference,
for additional information regarding the SSG crystal forming
apparatus.
[0094] As shown in Fig. 27, the melter assembly 1 of the
present invention may be positioned in place of the upper
housing above the crucible GC2 of the SSG crystal pulling
apparatus GA2 to recharge the crucible with molten silicon
SM2. The melter assembly 1 would be operated in a similar
manner as discussed above for the previous embodiments to
deliver the molten silicon SM2 to the SSG crystal forming
apparatus GA2,



after the nelt SM2 has becone inpure so that the nelt may be replaced with
fresh source material. As the strings SS1, SS2 are drawn upward fromthe
crucible GC2, liquid silicon between the strings is renoved fromthe
cruci bl e an jdifies as it cools to forma ribbonCF? |

pol ycryst al f*ior@%é‘i"?’f‘%on. It is underst960d that the appa ffﬁgﬁ@(ﬂzg}%_ 26
woul d include a | ower housing LH2 (see, Fig. 27) enclosing the crucible GC2
and an upper housing (not shown) enclosing a pulling apparatus for pulling
the strings and the ribbon CR2. Reference may be nade to U.S. Patent Nos.
4,689, 109, flodifsh 200 AsaRBomO24, B8, idie tHl sRhesyY 85sehbI{i Thofrtthe

I ncorporated herein Qy ref erence for 2g9|t|o al inpformation regarding the
SSG cryst al PYSITRth G VEREAPE: BaY PBO93gd fﬁ@ﬁﬂyiﬂo F§* 39Y¢%e nelter
assenbly 1 wdtdrial @Masent ai nashingnapparaimspogenevaddlyi inpieatedf the upper
housi ng ab t r UGl . Qf aQ p | Ngrpapparatus GA2 to
recharge tgdeﬁ%:'r [}gc?rglc‘é%vt\:ﬂ bﬁ %ﬁ'{lgncﬁ% con_r&rsﬁg&afﬁeg%l'te?l:lassenbl y 1 would
be oper at edempPRimang (ofr FiganA8y BB dF3Thid¥e APRBEREUPORABHES PR evi Ous

enbodi ment scémtimiRds’ ¥asthie rragbaﬂa&i;é I0AngVa tretirhect®ble csippait f orm ng
appar at us GAZ2. V[g%%g 1qp9882 IU820056_2136 , 32 hg g] Ag sq?mn in Fig.
28, the nel TeIPes IQS? PYof PRe pP BRI ERE a8 88 e usRd1% supply

nol t en sour tklusttadreidalemdvBiment , ctbe i maldpPar dngdudgenar aeryes mfi cated GA3,
for castinggsoldd 4 ArhicRB1EN8Phgert Trd tHalE ar@THALBRAGe@ o idh 28, the

t
casting apparat us IS a contilnuous casting apparatus having ‘a retractabl e

support neRbBefoidpRTIel ofkhg B goideRed atndpcerdac shEgerbsin Hhe he

il us}) Ir at fedcﬁwdanﬂidn?ﬁmgetrhecml andC8ni sspasdes 1y shargedotursenterh apartI
crucible fi r t r LEoun _ n cQi . RF coil RC3
[ nduc)es a cgl??eer?ﬁlqléﬁi ts{gn’gltrc%r ﬁ'é?gi‘ég?i%g%r@@étang‘eaﬁ%ﬁggﬁ“?g%l Char ged
current in isheepmlleash faonr tbengrucible Shihgerst bad chotadhednimethgial s

repel | ed fregutivey Wpthiddlas’ GAger ScastingMiduied (nbtt BRowARSLENg appar at us
GA3. CDO|Ing,|quld n?} shomn% S . .
irculated through the crucible fingers CF3 to help cool the

molten source material SM3.

[0096] Solid silicon ingots SI3 are formed in the casting
apparatus GA3 by lowering the support member SP3 away from
the crucible fingers CF3. As the retractable support member
SP3 is slowly lowered away from the bottom of the crucible
fingers CF3, the induced current in the bottom portion of
the molten material SM3 gradually decreases allowing the
molten material to cocl as it moves away from the crucible
fingers. The ingot SI3 is cast as the support member SP3 is
lowered, allowing the molten source material SM3 that is
removed from the crucible fingers CF3 to cool and solidify.
Typically, solid source material (not shown) that is added
from the top of the apparatus GA3 is melted in the apparatus
to replenish the molten material SM3 that is removed when
the retractable support member SP3 is lowered. As shown in
Fig. 28, the melter assembly 1 of the present invention can
be installed above the crucible fingers CF3 to replenish the
quantity of molten source material SM3 that is used to cast
the solid ingot SI3.

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



circulated through the crucible fingers CF3 to help cool the nolten source
material SMB. [0096] Solid silicon ingots S13 are fornmed in the casting
apparatus GA3 by |lowering the support nenber SP3 away from the crucible
fingers CF3, As the retractable support nmenber SP3 is slowy | owered away

fromthe boX®HIUI8YBe crucible fingers CF3, the i nduceBCTYPIRNPIE ¢ he

bottom portion of the nolten mat eri al 5MB gradual |y decreases allow ng the
nolten material to cool as it noves away fromthe crucible fingers. The
i ngot S13 is cast as the support nenber SP3 is |owered, allowi ng the nolten

source Mt echal i SRited SrpbATRLEE, ARG Ugga i RagE se i To cool

[
and solidify.  Typica source materi a wn) that 1s added
from the t opositigned@have: theGrast ingreARRAF VS, [faichp BALt US1teD repl eni sh

the ol ten galifsd ahatd¥B d1haMai maleHB VAL Weed tthe thet maghaltbe solRedt member
SP3 is | owe Edt As shojglllg. Fi g %ﬁ tt}gfcrrelter a senblel 1.gf the% resent
i nvention c3% "B RIS FIR6698 PR ot S STANGEFs PREES L6 F¥BI%hi sh t he
quantity of (Rbgt e¥P)sdur eeldedt epi hhe S8l tératadsemdad 1t 0 thestippehe sol i d ingot
SI'3. [0097] ndhe;i il dfin as g YxelmQYYe?lea%}:ﬁt}ﬁ&s' %ﬁirﬁtghl 26 méBINer as

di scussed above t©0 provide a_directed 0 )| tell source naterial SMB to
t he casti ngtBPpRRURGR Makeriad Wp Phecrebstd PEriddeo65, 02T869LOWET t he

i | 1 ustrat edheabhsh sl dshd shebeeatadsedtelt] the feolid ppagi ob calssiveabove t he
casting apparatus such that .nolte soyrce terial S\VB b ivered to
Che ol d NDBRF of TR, e 1T 857 B SFHRE nlielh B2, mg PSR ERA EB I s 1 i con
GP (Fig. 1l6)owsthuhiwgh tthe orifikeetliseentilie neltele aggpmblyhdatdéng coil 95

in t_he el t@él%&ﬁ@'d’ife%t%ﬁe%?:&@gmt ot Wﬁ‘éit_eﬁ fb%xﬁ%‘ér @atleighii gb tRethe _
melting crucible 65. T ower heating cojl 99 is operated to_nelt the solid

; he |
pl ug OP aboGEucihte GGtitfi &hforryatat trming FRRATAENSsGArce ABt®Fial LS to
f1 ow t hr ougbhé herweidlie esCBl bfotheherpetdBrfasmienp lapphracusdahsvbéem di rect ed

st ream of ggéifggsc%gé: &gl Eogégel &g¢rﬂé§€iﬁg:%o E Bgeigrystal form ng

appar at us : ter " the crucible o7 e crystal ToOrm ng apparatus has

been discontinued to allow the solid plug OP of solidified source
material in the melter assembly to form. The solid plug OP
prevents the flow of molten source material LS from the
melter assembly 1 while the cast ingot SI3 is removed from
the casting apparatus GA3 or a fresh casting apparatus is
positioned below the melter assembly for the production of
the next cast polycrystalline body.
[0098] It is understood that the casting apparatus GA3
shown in Fig. 29 may be replaced with a conventional cold
crucible mold having a solid wall for batch casting solid

) ingots without departing from the scope of this invention.

Reference is made to U.S. Patent Nos. 4,769,107, 4,572,812,
and 4,175,610 which is incorporated by reference herein, for
additicnal information regarding casting processes capable
of utilizing the melter assembly 1 of the present invention.
[0099] When introducing elements of the present invention
or the preferred embodiment(s) thereof, the articles "a",
"an", "the" and "said" are intended to mean that there are
one or more of the elements. The terms "comprising”,
*including" and "having" are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.



filled, the operation of the |lower heating coil 99 is discontinued to all ow
the solid plug OP of solidified source material in the nelter assenbly to
form The solid plug OP prevents the flow of nolten source material LS from
the nelter 1 while the cast ingot $13 is renov casting
appar at us @ o/ 9¥°r‘zesh casting apparg# us is positi one%&%’g’%’?zﬁggrrel ter
assenbly for the production of the next cast polycrystalline body. (0098] It

i s understood that the casting apparatus GA3 shown in Fig. 29 may be
replaced with a conventional cold crucible nold having a solid wall for

batch casti pgosedli d gk Wet PRetasieRar ticngifinopkt Beeﬁce@et o:ihé hi s

t R t 572,812, d
IS0 620 UL ertoP: Ehe T AT BE A T oy
i nfor nmat i onadeysragecysc xesudyspabtassead. capabl e of utilizing the nelter
assenbly 1 fhoddf) P 93°0L-LBE LA es [AAAY b\éhﬁs)gdt LNLROEE! fiod erment s of the

present i nvent1 on pre er re ment her eo e articles "a",

‘an", "the" %ﬂﬁF”%ﬁﬁ%?nsaWéthﬁPEn@%ﬂa¥%FQﬁxﬂ¥°ﬁh het Repee 2PE %ﬁe or nore of
thebel _errelnts:_w&hﬁdrﬁrrm J.QOEﬁtéﬁﬂ@@ that lauqJ udldtr&gr aafitalilﬁﬂdnm t&{f] [ ntﬁnded
to be inclugjv mean that t itional elene ot her than
the liste ?é? 5§ 1?808?085%6% QFB§T§639 §§aYﬁ%§ﬁ In view of
t he above, $hahi|betymtseemethetashelluﬁﬂnatﬂVEOBpécngtointaellmm@nng<3n are
achi eved angegddier advantageous results attained. [00101] As various changes
could be made i n the above constructions wthout departing fromthe scope of
the invention, it is intended that all matter contained in the above
description or shown in the acconpanying drawings shall be interpreted as
illustrative and not in alimting sense. 39 WHAT IS CLAIMED IS: 1. A
melter assenbly for supplying a charge of nolten source nmaterial to a
crystal form ng apparatus, the nelter assenbly



conprising: a housing adapted for serial positioning above a sel ected

crystal form ng apparatus of a plurality of crystal formng apparatus; a
crucible located in the housing;, a heatd disposed relative to the crucible
for melting solid source material received in the crucible; the crucible
havi ng a nozzle conprising a first larger dianeter portion, a second snaller

di anet er WBAYt LOnCLARMER IBhird internmedi ate di ameter portion, wherein the
third portion of the nozzle is |longer than the first and second portions of

the nozzle. 2. A nelter assenbly as set forth in claim1l wherein the Ilength
of the third pelteonagkeimbeyn@zzl eubhlfihll BAELRES glesS o fappn@enTaielryeequal to
50 plus 50 tineg the diane%e&ngf the third Qortigg divi%%g %%S%h ldiameter
of the sBESREPOrtPoR. STESFAEPTEE"Es SERBF § T48 * s&t*Sf B 5 n SOr& R Y wher ei n
said heabaprécenppises a first induction coil generally around an upper
portion of the gruciBLe.dbheh kel LAYl ga.GRiboelnd, Rdant ediforoq
connection to a power “supplfy Tor supplying chrrent o the first induction
coi |l . 4. cavmeblefoanssmbbppasasaets bdrehpilprelaitm 3 iwlgveite lsdicdmingat er
further ggggg%§g§,a second induction coil generally around a | ower portion
€,

of the cruci the second induction coil being adapted for connection to

anot her power 8s@pprybie lheatethénssiecdongtiagiial in the | ower portion of the

crucible. 5. gFpcEeLter;agsembl ¥cas 3¢k ftor thd R elaigNed fodr tak i eonpri si ng
a susceptor di sposed between _the first and second induction coils and the
cruci bl e SOLRE SQYEEHt BALRAVPRg TS C1USHer Mp&Fei GAUCHEIGdi ng a plurality of
circunferenti ahkycrspaeed harRges at @dzhiebicbrpRdWGhigor Faatdtnd angerhe fir st
40 induction coil, and a | ower ortioq to pronote induction heating of the
suscept of 2B R nBPE & CBs s BniISy ORE. SER 16Tt HIPACISSi MO% \HPEr e 5 & d

suscept othdedpinsesmadianiec ali ametrermpdiraienpowhiear iand ha Itovierd poutdien
portion s ted b sai d internediate partiaon a sai. d

bei ng Seg%?%@%dng%z egégéebnger dhan t%% flrstpand secon portlcgp %& portion

the nozzle.

2. A melter assembly as set forth in claim 1 wherein the
length of the third portion of the nozzle in millimeters is
approximately equal to 50 plus 50 times the diameter of the

third portion divided by the diameter of the second portion.

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

to the first induction coil.

4. A melter assembly as set forth in claim 3 wherein said
heater further comprises a second induction coil generally
around a lower portion of the crucible, the second induction
coil being adapted for connection to another power supply to

heat the source material in the lower portion of the crucible.

5. L melter assembly as set forth in claim 4 further
comprising a susceptor disposed between the first and second
induction coils and the crucible, the susceptor having an
upper portion including a plurality of circumferentially

spaced fingers to inhibit induction heating by the first



7. Anelter assenbly as set forth in claim1 further conprising a splash
guard adapted to be lowered fromthe nelter assenbly into the crystal

form ng apparatus to protect the crystsa formng apparatus during the flow
of nolten source material fromthe nelter assenbly into the crystal formng
apparatus. 8. A nelter assenbly as set forth in claiml in conbination wth
sai d cryshal:ctoom agiappandt aslosardporysbal tbopmomgteappaatusnconpri si ng at
| east oneg [6 a cr¥sEﬁI gulsl 8r agapt ed for grow ng nonocrystalline ingots
accor di ng CE5 P Re Ot Y BEhr A>T SR het hod, a crystal puller adapted for grow ng
hol I ow pol ysilicon bodies according to the Edge-Defined Film Gowh Mthod,

and a cryci Bl fadapt edsLAL1 (0L BQLCa8L LpPOLY ENYILAL] AR ik concbodies . 9.

A nel ter assenb y as set inclaiml further onprising a nelt flow
gui de forugurding chertiewsop rertenl JHGEERCARREE BOAom B & asiTe to

the crysgpgk:ter gwg ofPRakat-Hs cwhekeian gsai d saeldt iHewngiide Lomitizes at
| east one of a tube received through the nozzle and a tube that receives

the nozzPed $61dAURBREePOASSERDIF1AY SEPFGIER Y & &°RM-0 wherein said nelt
fl ow gui de conprises a heating elenent for heating the nolten silicon during

fl ow between the nozzle and the crystal for n.n qpafrat S
7. A melter assembly as set forth in claim urther

comprising a splash guard adapted to be lowered from the
melter assembly into the crystal forming apparatus toc protect
the crystal forming apparatus during the flow of molten source
material from the melter assembly into the crystal forming

apparatus.

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

polycrystalline silicon bodies

9. A melter assembly as set forth in c¢laim 1 further
comprising a melt flow guide for guiding the flow of molten
source material from the crucible to the crystal forming
apparatus wherein said melt flow guide comprises at least one
of a tube received through the nozzle and a tube that receives

the nozzle.

10. A melter assembly as set forth in claim 9 wherein said
melt flow guide comprises a heating element for heating the
molten silicon during flow between the nozzle and the crystal

forming apparatus.



