.;e3e|:|6TK4 1 1 APR 2002 PROCESS FOR PREPARI NG A SI LI CON MELT FROM A
"POLYSI LI CON CHARGE BACKGROUND OF THE | NVENTI ON The present invention
generally relates to the 5 production of single crystal silidoapg gy a
nolten silicon nmelt. More particularly, the invention relates to a process

aran ar polycrystal |ine silicon. whergin chunk pol yorystal oo T

| oaded to forma bow -1i ke shape onto which the granul ar pol ycryst al kg«
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that is nuc sl | 'er an t as a géneral 'y unform
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typically ppea dyygaéfaﬂﬁgegilggahnpgeagaggle and efficient fluidized-bed
reaction process (}aﬂu ar ¥S|I|con 'S tiflcally about 1-5 mMmin 35

di aneter and general | Y4 &i FEYERALi FYLhwPrntped fox 1 APR 20D2 2
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characterlsklcs of Qﬁg and ranu o# silicon are furth detail ed
in F. Shinurg ]5§Hdu@ EHEF% %S%xy t %%Hﬂﬁ?%@?s'p%gﬁ%n§&§-12l, 5
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this nannerdlpplng a seed crystal into the molten 5111con,

withdrawing the seed crystal in a manner sufficient to
achieve the diameter desired for the ingot, and growing
20 the single crystal at that diameter.

The polysilicon melted to form the molten
silicon is typically chunk polysilicon which is prepared
by the Siemens process. Chunk polysilicon is generally
irregular in shape, having sharp, jagged edges as a

25 result of the fact that it is prepared by breaking rods
of polysilicon into smaller pieces which typically range
from about 2 cm to about 10 cm in length and from about 4
cm to about 6 cm in width. Alternatively, granular
polysilicon, which is a form of polysilicon that is much

30 smaller than the chunk and which has a generally uniform,
spherical shape can be used to form the melt. Granular
polysilicon is typically prepared by a relatively more
simple and efficient fluidized-bed reaction process.
Granular polysilicon is typically about 1-5 mm in

35 diameter and generally has a packing density which is



,10 can cause problems in the subsequent nanufacture of the single crystal
silicon ingot. For exanple, the edges of chunk polysilicon ypi cal ly
sharp and jagged. As a result, under the weight of a full éﬁag@% Be chunks
can scratch or gouge the crucible wall and, in particular, 15 the bottom of
the crucible. These scratches and gouggs can cause damage to the crucible
such that small particles of the crucible are actually broken away fromthe
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Kimet al. suggest at ent Appljcation Serial X q%/g? 95, 075,

in
thermal |y shEeYefiad: t aed geﬁaeafseﬁowmq%@w YoaidFe aasim Bt s of
the purge gasf hyisDadafdofhirkepelivgilld ey i .t he granul ar pol ysilicon.

30 Such, an approach fayorab acts t limt th poten |a for the I
stress %% the cruci bl efBy™ ?E&épgn é‘%é’é%lé’ﬁlgl&\ﬁéﬂ" S order
to nelt the dﬁar.‘g@ueﬂopareﬂ.ont b& ;mteerath\aik [ drnrcarhme‘]dr restayon of
voids in the ryst, 5 \QV;!E_I o g crucible
isinitially ’1%%2%%%"8 %{h g%nﬁﬁ ran ggéﬁigl t3:|J‘(:‘3Lc3)1n S5 y processes

it is 1 lcnRRIPDe2wEgll above the melt. Alternatlvely, a "bridge"
of unmelted material can form which extends between
30 opposing sides of the crucible wall and over the melt.
If a hanger or a bridge collapses, it may cause molten
silicon to be splattered, or cause mechanical stress
damage to the crucible. These same problems can also be
caused simply by a shift in the chunk polysilicon charge

35 as melting proceeds.



desired to add polysilicon to the nelt with a feeding or netering systemto
"increase the quantity of nolten silicon. The use of such additional

| oadi ngs of "chargeup"” polysilicon is known for batch, se '-qﬂgﬁinuous or 5
continuous process systens. In the batch system for exanp é di%¢i ona
silicon may be |loaded into the existing nmelt to achieve full crucible
capacity because of the decrease in volane which occurs after the initial
polysilicon charge is nelted. Japanese Uility Mdel 10 Application No.
50-11788 (1975) is exerpl @&dditiomsend cone i damage abbatooahnressl€z aehr al ski
systens, add 0 il e replenlsh
the silicon &thgﬂgﬁﬁﬁgfi lﬁéﬁ%ﬁ cryg(?ijﬁlé *?c%%h%%ég? ggké é

e.g., F. Shirbuak Ycﬁi-ﬁ-dimrbrllsﬂiﬁ%dichqwcﬁwadeTIBchﬁvh.a@;ywhpchlZfa{BS
Acaderi ¢ Preps CSarddeandho 989)podt (HaLEING DML 2L 001 Y81 LleaD | S
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hydrogen in g Cient to cause the silicon granules to burst, or
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10 polysilicon Is he exposed, unnelted_portion of e chunk
pol ysili con. SHRE QﬂaﬁuméﬁtﬁQWﬂnHQWﬁﬁ1Q%PfQRP%ﬁ @%ﬁ%ﬂ%ﬁ%@ﬁc% th%ms for it
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enperature for about secqnds befqre atin £ ranul ar
pol ysi li con FA®t FEY tﬁ"% (5“rz"(§let éﬁ}z’d?}bgﬁfbg‘é)o‘:b‘&?%‘? Ybeconi ng
i mersed in béeomalUQnospbmamednmnto'Hhe[HxﬁgkﬁndmyétaﬂuﬁlE&kapproach is

that, in ordgén%gng\é hd Ffés%fef Ct Sq-_cﬂeailn‘fqbvg%lheaég]ﬁ nyel ‘ggg\,\;}“ chis

burstlng pheno Franurar pol‘y |con nmus
sl ow enough redalcledwpfr@dud;énm og@iata emdbdfloraughput mef cm:@l@catrhos can

cause the preggssd &?g%angU|red to prepare a 100 kg nolten silicon nelt to
be about® 10 hours, tThus acting_to reduce crystal pulley 25 throughput,

especi al |y as the aver ¥&8 KFdPdgeFUSERENt 6F QPﬁegﬁ%ﬁﬂﬂ%uAEB1§§PFF€Bn f eed
exceeds abouge#9anpie. DRYSROWANE AfsasE A GINdIOine thhe sgragudar
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loading chunk polysilicon onto the granular polysilicon.

30 Such an approach favorably acts to limit the potential
for thermal stress to the crucible by lowering the heater
power level required in order to melt the charge.
However, the potential increases for the formation of
voids in the single crystal grown from such a melt.

35 Whether the crucible is initially loaded with
chunk or granular polysilicon, in many processes it is



y30 significant problemwhen crystal pullers having conplex hot zone designs
are used. Such designs, wherein purge gas systens are enpl oyed and graphite
shielding is present above the crucible, are becom ng nora fppegajpgnt in the
production of single crystals because crystals 35 having superior
properties can be obtained. However, such designs provide additional
opportunities for the 1 1 APR Z002 6 introduction of defects into the

growi ng crys . agse r £ re.p ent. above the_nelt, where
spl att er ed s‘??%%gﬁﬁpg?’t Fglg eg%%.gjglglc%orrrgl g? ehinof"%}/%n‘fh 19 FEPRLBECRE nt o
the nelt. 5 metarppgubsystemded igurméanesthe guastifpyrofi pobtess whereby

silicon neltg; ep a i : éﬁnﬂ LgRei p nner
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t hr oughput aWR" yPelysaiigrs deatknays rker haktl, 98Bt afonbinneRaonri ngot s

produceds f r ogphbefigolel proceddVAIPEtdmd HE TAMENT 1A A0egst &R, ophect s of

the present invention, .t.herefore, js the provision of a Pprocess for
preparing a FoFTBhCsi PAGHE L0 SHYigAR TRy Pemplendeq iReC pFbeuction 15
éi el d and the:oﬂghj)ﬂg otla ctioslamr:]ﬁxem;in-ﬁupp cs:&xﬁtgilel§L¢'§1§@éi_ ' :bg@@géegpt_, by
ecreasing t ni nd _t hernal . stresses on the.crucible ni m zi ng
t he concentr%figﬁgoaeﬁ§§%§%egq|¥Q%ﬁyﬁn¥9%c i FFHES Rf TR 5?%s£%£%lﬁi1voids
in the singleotygiliakbovagbeddey itshenegirtesdncealafarmesmUatlitye BOdéebt t om of
t he cr ucs bl Lo} 7] he eyl f idd j i gL oadi n
Ut ga%ggfbmbgg»rb._ STl (0195114 GORA AP T N Al 0201 NG

and avordin rogen bursting effects I'ng the a ranul ar

pol ysi | i con. CREiRRORE apF €O iU Crohminksisreting, prédisional

preparing a ;[B@iyg_ﬂlﬁbbhcee ol tablene S { Diodt AHIGE N arShTEh sk YSt al
silicon ingo havlﬂg i npr Qv di'sl ocation-free grow h and fhroughput

wi t hout addi Fe sFUhTFPRNE LR bR the e e Gy st Hiehtonrirgat. Yet
anot her obj eté gfowhe psesente.ignverr. Ghimutd, iendierder ' in

cryotalagul| ELagbgy RUIRLIRaNES 0 o SOl gl el o B LT pldgrerore.
silicon neItQAfOISGQE.in growi ng a single crystal silicon ingot in
e et | o EHLSH, S DRI SN TS R,
subst ant i al |japariplepLi ehoiessiteewanlenighibairandami wwrnthinteests a
geonetric ceptgr@8hPinAbukhe kR MsiaNh A tal UseiLNB NG 4 oFpdde
centerline to the sidewal |l formation. The process_i1s characterized in that
20 flowing form, it is not without disadvantages. As
disclosed by Kajimoto et al. in U.S. Patent No.
5,037,503, granular polysilicon prepared by the silane
process contains hydrogén in an amount sufficient to
cause the silicon granules to burst, or explode, when
25 the& are immersed in molten silicon. The explosion, or
bnrsting, of the polysilicon granules causes molten
silicon droplets to splatter. These droplets can
accumulate on the surface of the crucible and other
components in the crystal puller, where they can later
30 fall back into the molten silicon melt and interfere with
crystal growth.

As a golution to this problem, Kajimoto et al.
suggest reducing the hydrogen content of the granular
polysilicon by preheating the granular polysilicon in an

35 inert gas atmosphere in a separate heating apparatus
until the concentration of H, is 7.5 ppm by weight (210



,9 the crucible is |oaded with chunk polysilicon to forma charge having a
"bowl “ 1i ke shape, wherein initially the |oad generally slopes radially
upwardly and outwardly fromthe centerline toward the si dewhi |AHROR8Rti on to
an apex and then sl opes generally dowwardly and outwardly 10 fromthe apex
to the sidewall formation. The bow -shaped chunk polysilicon charge is
heated to forma partially nelted charge. Ganular polysilicon is fed onto
the partially nmelted charge to forma m xed charge of chunk and granul ar

pﬁ| ysi | i conppiiag wirx deszhar gmimfmibeap%%aent eénBe E@][ B‘é%u&é' Ea@ln melt.
The processgig fu r Lz t hat ortipn.of the granul ar
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that may bepgphyttered. 25 , The process is still further characterized in
t hat granular pol ysilicon.addition is contjnued until a cap of granul ar
polysilicon is formed#®h |%ﬁ¥%£ﬁﬁ§%¥?r§9£ Re+RR pbPyEREE cBRORAEBNLfas not

mel ted. As shggeicxed [Hol yms [ cmsrteu’ftarzg@ be| 988 | €3 caphareis, chﬁﬁkcap actS

to 30 deflectlan Iatter ten y5|é|c n_t hat occur.
addition, tK& Y?ﬁ&éggphﬁg %wWﬁ%f %0?9 Fﬁﬁ%ngfﬁﬂﬁ %glng the cap is
i ncreased tpoaybeiebohodsaﬂmﬁwantmﬁthermxpwme@ isnseltediportion of

ef fecti vel h epnat siqts cppLact . w h.35 the
nol t en SI|¥E§§ éngg'g%y?%l %ﬁ%l#er o cégignﬁf$ea UYGSEOg this

i nvention wAt| ap¥ate pvéar:hchamddmﬂ %m!d iw tpmrre@@hnaeuemmraaeuee nafter.
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Czochral ski “cruci b FI G is a sectlonal vi ew of ochr cruci bl e,

showi ng an fﬁFtPQP“EhéPgéQﬂOQQﬁth&RF?@W? Thpg . | FleRtangsthesectional view

of a Czschrg’raiqula&} pol§isdlig.corham @ﬁ@%yp@ll{éwizlﬁ@ﬁ atr@@wéi to forma
bow - shaped .c ctional vie ralsf?%grucible,
a

ohout o PPt habushazed Btk et dhfne i itered 18 pierng

sectional vsgbiabnam€dachral ski crucible, showing the initial stage of

granul ar polysilicon i secti ew. o CZ hr al ski
cruci ble, show ng the%‘g%n? nueﬁ ?’d“tq? %? %?anﬁﬁg% ez(lb %\éoltt' 10%1% and the
passi ng of grdaul & pyloyis |t|h¢oreffq¢ﬁrs>mﬁ@<pm@%dvmiz:h ehe shywsmnn t he

pol ysi} CO”b??EEEﬁg ﬁh@hd&éﬁ% agi%ﬁhk&ﬂ@' diﬁ%liicéh(%&ﬁbr@éSfédCéHChb|e
showi ng the formatrio a_granul ar ponS|I|con V\Sgap as the addition of

granul ar po¥F3&e| WRARNC &Mt Eheys SRRPIY Hed RBYEFRIFBRAYEPR| con

chunks are befFbed. mElE&ing lotdursect i THRS cyaxew:a:aisa fRocprateks tiweai bl e,
showi ng t he conp Ietlgn of. ranmaﬁbéxk35|l con adfltion gf@ qubéornation

of the granGfIFEESREA PESP re a ten silicon m

about 10 hours, thus acting to reduce crystal puller

25 thréughput, especially as the average hydrogen content of

tke granular polysilicon feed exceeds about 10 ppma.
The problems associated with the bursting of

granular polysilicon and the resultant splattering of
molten silicon associated with it becomes a much more

30 significant problem when crystal pullers having complex
hot zone designs are used. Such designs, wherein purge
gas systems are employed and graphite shielding is
present above the crucible, are becoming more prevalent
in the production of single crystals because crystals

35 having superior properties can be obtained. However,
such designs provide additional opportunities for the



30 cap. FIG 9 is a sectional view of a Czochral ski crucible, show ng the
"continued nelting of the granular and chunk pol ysili con. I 11 APR 200Z 9
FIG 10 is a sectional view of a Czochral ski crucible, show hgd"RRn@03r anul ar
polysilicon cap entering the nolten silicon nelt. DETAI LED DESCRI PTI ON OF
THE INVENTION 5 I n accordance with the process of the present invention,
chunk polysilicon is initially | oaded $nto a Czochral ski crucible and
nelted to forma arLialuy g@%%ed charge which includes both nolten silicon
and unnel t ed PSRN TIRRIFE Steehs | tntRetRar BreWing FoysEakeberasise he
cruci bl e i smarie RANMfades Gitd ivPésent AbbledeReraklily, hauarknner and outer
surfaces mhicqggﬁfine an .at | east $ar%iall% open stﬁucture capabl e of
cont ai ni ng &P SN S HARRPA TGP SARN2GSURBLRER &P con. Referring
now to Fl G eventmaddanfizlly lsadtk cindd theacmble.10 general |y has an inner
surfacegc12, an outer f a Ll ne, 16 and_a to dge 18. The

I nner sarface 12 defi2%%Egﬁg%%g%tta%iQég?n?833ﬁP8ﬁscﬁﬂnﬁx88Ey P Eon i s
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and a si devgl Lo Aol @l ol g hinhereLnal Lt eaanthe kol tom 22
corner 24 and_sidewall 26, respectively of the crucrble. The criucible has a
radius R, aSPRB&S@TEAT fmThbleemiRATEhelas, rwhi el ympuevangl $heo t he

i nner surf agarehgd nd %ﬁe]ﬂ%ﬁlrﬁép&@aﬂﬂohsfﬁéér&ﬂﬁ ed B¥vatal
cylindrical side 25 .hat er 28a, q%%ﬁn a top edge 28b, and a boftom heater
WS ger

29 . whifh afdigsed £89n%s R OPnthese PettStrat ed enbodi nent, the
sidewal | 26 is generally vertical, defining a substantially verti cal

ci rcunf er enty ' ' ydes.a top portion 26(a) 30 and a bottom
portion 26( W@e?’ﬁr@d% iﬁ%u%\artions 26(a), 26(b) each incl uding
about 50% of the totalAmund dbde akeacdis tdk sheepmaésenThineepr dbenpat e

di vi si on be t ks ti | r Y.l . rated by
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subst ant i al Mplgesardrl icon melAdR swiakbe hepT zHRPBPVEegpehe pregustieont i cal

conpongsgt . ?Eél@?&ﬁ@'éﬁ%ddgﬁbdﬁ”d%*h?ﬂH%dé@a@Q@ﬂdﬁfaeréﬂhgnei8 Beal
vicinity of the |ntersect|?8%o t he SJdGM€$| 26 and, bo toqazz The_cor ner
c

24 int er secP&IELAENs AARGRH | LI chh pgranical and thermal

stresses on the crucible, minimizing the concentration of

hydrogen in the melt, minimizing the presence of wvoids in
the single crystal caused by the presence of argon at the

20 bottom of the crucible, maximizing the volume_of
polysilicon in the initial loading, and avoiding hydrogen
bursting effects during the addition of granular
polysilicon. Additional objects include the provision of

, a pfocess for preparing a molten silicon melt suitable

25 . fgr producing a single érystal silicon ingot having
improved dislocation-free growth and throughput without
adding significant additional process costs, equipment or
time. Yet another object of the present invention is to
achieve the foregoing in crystal pullers having hot zones

30 of complete design.

Briefly, therefore, the present invention is
directed to a process for preparing a molten silicon
melt, for use in growing a single crystal silicon ingot
in accordance with the Czochralski method, in a crucible

35 which has a bottom, a sidewall formation, a centerline



.5 of the corner ceases, illustrated generally as line 32. The corner 24 has
upper and | ower hal ves each of which include about half of the_total
surface area of the corner, with the upper half being closéf ARR 12

sidewal |l 26 and the | ower half being closer to the bottom22. The , 10
centerline 16 of the crucible 10 is substantially parallel. to the sidewall
26 and intersects a geonetric centerpojynt of the bottom 22. The process of
the present invention is optimally suited for use in crystal pullers having

hot 15 zoneszhafchcd@plwbsiﬁmtgramrpaﬂau@l eesaenéesmaﬁu!mt !fe@maga%npur ge
t ubes, and/ gr @%&Fﬁﬁfl ctors are positioned above the cru e in order to

hel p ensur e28Fy YT D et FTrRECETE ﬁﬁpﬁ?ﬁpﬂéﬁth €preferred.
ranges. Onebetribodi, memd &f nadmuszmm@eﬂdynggfsumhthe26enb€rl£nedeaigneiS
depicted in ; he | 40 | ositione abo

cruci bl e losEPgwa&lth%é%% c%b tﬂf?éféfggég%gngo?ﬁ?ﬁ%chéflﬁsﬁ ggﬁ%

t he mat Bri akbef comoileh i lqaiﬂﬁmthht@hunbapobnsulheonthanfohmtamhlch |s

her ei n descehledenkiaiaui deRRGH 0ee LRage! neroly Phithén procges of the

present invention. For the Ini (] of t e_Cruc
pol ysi | i con; Logd, g eraldduIshorgm jead l@%lxr%P§¢¥@HYo@%¢ ewnewardlver, nore

uni form gr agebar thel b%'rﬂtﬂe&q_rinérm&néﬁd berausedshgll nEbtaht YSE 06 ghanul ar
pol ysilicon_can produ ion yields and a high

30 i.-n relativel 00
i nci dence ofP F§r88dvg nﬂ@ﬁﬁﬁ%ﬁfﬁﬁ?ﬁ?&ﬁf% éﬂ%ng?ﬁ ¥ GsPaFv_¥ei¥on
i ngot . 1W t h@wbmbeheg apelxd tico ey qiddévwall afotheoion. i tThe bewl eyrdpehiat the

I lysi n d
bot t om of "¢ FEoe ERRYE AR R b el g st A ERE B el R bbb s
into the simedbadneharder.i n@msltaxt pollydi R 0D ﬁﬂdgmlmtmbhthSOrre of the
bubbl h
ubbl es Ca”HQgEgect? ‘ﬁt*&%@i t&%ﬁb%}ﬁ.fncisf@%maé hiled YL Pl NEETERGEK T hus

form ng voi e use o ysilicon for the |n|t|a | oadi ng
avoi ds the RBEnEERBHler PRy iddieqits ke Suiperalraxge ek%l £riiReni gher

yi el ds3sRef geptBa ROWfodnlaGsid i ddie memuint of chunk ponS|I|con 42
initially |loaded into_the crucible 10_is enerall ] d with respect
to the quality of theT i”lenéﬁré’ccer%/%t’aff @1“?1? }F@’B%/ %1%81 dh’%t?li’) ta

t hr oughput . po%&lEnroéx&md(grannrﬂfupmﬂyﬂnﬂmnomfpasmﬁsnmhrmmgmksp@tgsiIicon

5 oaded | ol seugle ool cel shiane, o0 iy prbel e Logt peses

In additi on® PS-3I°§E an i nerease 1 n DIl ar ge
shifting, odtf cpnitag:tlsr itdgesunrfaeengef sthadheeobfenm esilica® meékft tFee

potent?a hag&aﬁﬁgs g mggﬁcfrﬁwfémgcsxﬁ%qﬁgéta&&%tw&ﬁ ge, the

initia ge o Icon I's pre arran In the crucible
10 such t hamofitgn §|1éé§°414"¥ﬁ Q&léi‘ﬂ&ﬁﬂ&ar‘ée%‘éﬂ%’e%tl@ ®oERRIR 22 and/ or

si dewal | 26rgfiehie @a'fUQﬂy@JxQ)%]e?rUChrl\?é\ &Qn@x:f@dlg@mm pcsl f:i.eédszed in order
to decrease the lik hood .t if the chu con S

e
poi nts of tRECERTHK AOAVE; (’fél%“l%lrt ST deief ? Ctbo?‘f tffrhes hih‘éﬁblﬁl e and
cause danagehattmay'aks&pmmﬂnhﬁﬁded that the initial Ioadlng 25 size of

chunk | ysilicon may with crucibl esl S d the
types gg crystal prodLT e‘:fcnegsspr:'bsduﬁ:b%g‘?fjl%?%ér& rgrhgj?%]aredgl g total
charge usi nghatzgrianmﬂam oo ot sel, 1 daron raddl Bt 1 b atls rrgbrctflmmnhkulpbiysal i con of

about 50 toc6 kg LML p%lyz%ukib@n' 2204 00 3 @APoUy S5; kepbei ng oSt

preferred. FRPcont ge using a cruci bl e,

an initial pbudkngowsa&morsovhmrv &g net prelerded, A ‘%Ihe d“%’é%@l ng of
about 55 kggeq L3g 190 RRHRSd Bh1dW #hé eééti')tmeﬁ@s de@a@t@@blacﬁcto for.a

O e By o e onS Lt S0 S Sl Bl Syl ik g0l con 42 w1,
occur. In addition, the temperature of the granular
polysilicon comprising the cap is increased to a level
for a period of time which is sufficient to effectively
dehydrogenated it prior to it coming into contact with

35 the molten silicon melt.



,1 1 APR 2002 z2 not exceed the total height of the silicon nelt, as
generally indicated by |line 45, once preparation of the silicon nelt is
conplete. It is to be noted in this regard that, due to thk1liAkRRR@MRarity in
t he shape of the 5 chunk polysilicon, the general height of the charge is
to be determ ned by neasuring fromthe bottom 22 of crucible 10 to the

hi ghest point at the of the chunk poly$ |icon charge. The chunk polysilicon
is loaded in this way in 10 order to limt the potential for the formation
of hangers or.bridges. CRBEE 8’%5@‘3};,5 ane dashares yaf |tebs irvertidaged such
that the heighllobet hf phgtgappaneet farNiabPerO.goiwcadadic 1 tinmes the
hei ght of tkﬁ t ot al ﬁi l1con melt. Preferably, the chunk polysiliconis I5
arranged suc e¥?‘|ﬁf‘af“= &% hei ght of the charge ranges from about 0.7 to about
0.8 tines the height of the total silicon nelt. Referring nowto FIG 3,
once the Chaél@f"Ef‘aﬁEE@gEF%gbﬁn%%d;;% gﬁgm#{% ble 10, chunks of the 20

pol ysilicon are charge and stacked toward
the sidefall 26 of theF&Pucikbie suseathamalheicvarafe drasemptypw - | i ke or
nest-like sheps-hoh8LkRY arakhgnenay, the chunk polysilicon 42 is arranged
such that initially the_charge, noving away fromthe 25 centerline 16 and
toward the crucible siféfal B 26 g Qnals voisss afadh F3chmakslsl y and
outwardly tocafcipes, showihghapoiinitika ehehref eEnamldy dppesi 1adhal |y
downwar dl y and outward{% Tge.i ni tial uypward sl ope,_ _as well &as the latter
downwar d sl ope, O thefefiargeifs BEFHIEAAY Vlédﬁaﬂf B TIRFBERIERDF repose
of the Xhunkcypotilsléj cehowdngachunkr polysiddremldnrdnybd i Edmim 46, i S

formed by t e h -shaped charge arrangenent. It is to be noted
that, in ar pg%‘gfnéhgégabg\rﬁggg‘es'haped charge, the height of the charge at

the crucible sidewal | BEGpréf ésabl gedtdonadt veeseexf teheCaddhiyemltski t v 1 1
APR 2002 13 I f LRASWIRLL £HeNE e I v ' ce
formation oféﬁgﬁnﬁgf e%l %‘6’?5? Fplgoﬁbing\%%qiogl c%gfrn%]l é%éellhyﬁa{tl%njse mi)érslerfée)@r ed t hat

t he hei ght sha¥gecharge at the si dewal | does not exceed the height of the
rr:?l:hl ru_gfr,])r der 5to pgepgﬂ; thesf ar gtg,utg_@ngflt aré_%gﬁr agrcﬁ?[cbﬁf[éi\%ch 1S rre: ting
o] e charge prpceeds. IS so,tq _he_note ,_due to the irregul ar
ohape of |t hETHHRLB ol GEPHLEE EES. 16 18] Bhegoth KEXHIe 15 ot

uni form whipdlyebhicdbheadlbpdonf. 10 the charge, will vary somewhat from
one particular section t he.char naQt her._. r t best-fit
line 47 is nmeant to apg?%ki r%a % h%%&'e%g%gﬁ svﬁoep‘)”e%(?f%tﬁ‘gzsqt)ggl asl%a{cpled char ge.
However, themwxaihble| opbowinghéhehaoyt ivaedheddtiltdon leefh grsatulgasneral |y

depi ct egl, her.gi ' A7, Wi , ing f f th
preglsgnteéj? n\elgc%il%%%/ﬂrﬁgﬁa%ﬁﬁl ngr r&’%%%gngf%? Lgr%g)\}\'hltash peﬁ'%}%%ép has S
radi us, r, - dehreughrepaeadi Whighogkistdbgtvesn the EstvEiliigome toward t he

cruci bl e si deyyahks26, which 20 generally ranges from about five-tenths to

about ninetenths R, the_radius of the grucible. Preferabl the.rimhas a
radi us whi ch ranges frBﬁ?abauf‘ssiaxﬁfaé’ﬁﬂ?é‘atloV&l?d”ut"%eiaglﬁz- cg’rﬁagssko’f t he
radi us of thenedilelé| eshbviagethedferimation iofr @gwransap eaifydilel admnk

‘25 . qap as the addition of granular polysilicon continues and

‘the spaces between the polysilicon chunks are filled.
FIG. 8 is a sectional view of a Czochralski
crucible, showing the completion of. granular polysilicon
addition and the formation of the granular polysilicon
30 cap.
FIG. 9 is a sectional view of a Czochralski
crucible, showing the continued melting of the granular
and chunk polysilicon.



, 25 po~.ysilicon 42, the actual radius of the rim46 may vary ' s, ~mewhat,

" dependi ng upon the annul ar position on the rimwhich is used as the point
of reference. Therefore, the radius is to be determn ned by InaBRRwWoINg from
the centerline 16 radially outwardly to.a point at the apex 30 of the

bow - shaped charge which is farthest fromthe centerline. Cenerally, the
hei ght of the bow -shaped charge at tRke annular rim46 is greater than the
hei ght of the charge at or proximate the centerline 16. Typically, the 35

rati o of the height ofitheianny & gddBichdhe i W BtlcLscRFrxsRBte the
centerline wll, éinge rom ab R 2002 14 to about

1.2S 1, andCHPeiBEShI P?”&tha%g’ﬁ*t %%H%%&&&Y%@Pﬁon FAP SRMPFEN9f or a 22
i nch di anettehecmuﬂ:tbhesamdlcanlﬁia:]kg charge, the height of the bow -shaped

charge at the annular rim 46 ranges from about 18 cmto about 25 5 cm and
preferably from about 22 cmto about 25 cm as neasured fromthe bottom 22
of the cru@BIAILED 1k N B proxmatethe centerline

16 genaral ly rangs f St gfrom
about ?cm t o about 1%Hg%1éeg?dg%as ~f%}§qujfs%ﬁ%§égom%ﬁeﬁgot%m o% t he
cruci bl e. 13 e@RFLPBn, chRBKe PRV iHen m%ﬂr&fdsalﬂrsbrﬁ%&s%ﬁﬁ ke &o about

1% cm a?d @Pé@h?é@gﬁﬁ.atmﬁﬁc&bg@ %:?ﬁ-"me]lg:é‘c'{nﬁcp ﬂi[}ﬁlu';)a O :tﬁ%@vet Lheh ht
charge at or pro e the centerlin o be oe e heig
of the char‘@%f %éagﬁ?ﬁgeaHH&Fg’r inch ll?%t}hé‘?cb]fﬁerbfs’t at or

proxi nat e tinemekbédr thuaknpylyaiiyl iwicnh thmﬁleartﬂtearpacﬁt:’tdmelar uci bl e, the

ooty broFRREERyoE) EhE GRUARIY AR LAE FRESAI S 8h e o6
i.e. the dnsihhcgenheamm bavendanshowend rwuﬁmrsg,grf@tcaﬂ vhicchh idefinde

centerli ne,aﬁraé(tl ﬁ.‘&é@é‘sﬁari’_&%‘:{.'l@e%pte@? Eﬂ%}{rst ud t%%t ﬁ}e&ﬁne IS not

prohi bitive. to“be u ei ght of the
charge at tmn@mmag prnptheawiseohqddingrm d ki et 135 dokEENn 25 be:

other than i 88" el Redesehhbe ntht RUIFIREDAS i) dxeMPTars, SEOPE:Hf the
present_invention, It is also_to be noted that the height of the charge at

the ri¥R 46 GRaciPlentOcgrperpldy Pasm@R Vames SHdeae 2 t9ESF r egul ar

shape. of tderehoskid) aobgaickeiradmetd s Aﬁucﬁ a4 esup tedgéna.ehel gitie afnhdwe
charge at th pr.oxi mat e, centerl i hv% lB_Hpe det erm ned

e
by neasuri ng* ﬂ%@cal g?aﬁ%@ﬁ?ﬁv@é’h °§e|510|crﬁVJb Y WA gce i s hi ghest at
the rim orpalysilpcori et doelkdedcenthivd iqmycidnle tife instiusia 2 dottem 35

ble 1 d t t
e e aaYe T g s

di st ark® bezaeeneﬁﬁﬁrﬁﬂgﬁ@shemmaf@fezt s dH ROEHOHrDr SRR
centerline 3Qqt8¢abBivanesbepoisprictiiRR Ghayma e dhgidla. The

crucible has a radius R, as measured from the centerline
16 radially outwardly to the inner surface of sidewall
26, The crucible 10 is surrounded by a cylindrical side

25 heater 28a, having a top edge 28b, and a bottom heater 29
which are used to melt the charge.

In this illustrated embodiment, the sidewall 26
is generally vertical, defining a substantially vertical
circumferential area which includes a top portion 26 (a)

30 and a bottom portion 26(b), the top and bottom portions
26 (a), 26(b) each including about 50% of the total
surface area of the sidewall. The approximate division
between the top and bottom portions is generally
illustrated by line 30. The bottom 22 is generally

35 parabolic, having a slope with a substantially greater



,Referring nowto FIG 4, the chunk polysilicon 5 42 is heated by
p03|t|on|ng t he crUC|bIe 10 such that the charge is generally centered
within the cylindrical side heater 28a. It is to be noted in this regard
that the precise |ocation of the crucible will vary wth tfe ggsi of the
cruci bl e and hot zone being used, as well ,10 as the size of the Thitial
chunk polysilicon |oad. The “chunk pol ¥#8ilicon 42 is'heated until it begins

to melt, formng a Eartlally mel ted charge conprising both a |ayer of
mol ten sili CRPF4BONREY REMRRANEHSethan reekt kel spemperented Thankorner

pol ysilicon #2 i ahcueve&peﬁeﬁle&o\&ﬁzt@aéf i»%@ £5n St f 8Re 9ic£H§thb§Ee”
silicon nelt., The éate of . heati_n cop such that a | ayer nol t en

silicon 48 stifitRERFSEGEioRePL @-%&Qoﬁ?@??%‘:?‘ﬁr?@d b¥bfel ti ng
bet ween abowomandzwlpeereet:thyubm ghidewd Il pzefwhabe yrhet veepaliodt 6
power |2 colShent TePPherCbRaReE s Rk seteRi LY 4% hifr df 1o
ensure that The ¢orneari @ﬁ bast hppear tarad iwexdmleds éschcdf ewkilchy

heat i ng the frﬁ@i t I =\r r 1?:?’9&‘% 0, 120

m nut es, pre e?a% zﬁ%hé\}gr %af %e%eoﬂﬁp aboui- 85 toé abaeﬁtyé% m nut es.
Referring no?@’f%eﬁ @’ith Bheeurpesydialdi bpinerrkeser dio seheasidevadl at
the bottom Z%QnahehérmewEkehan %él!ﬁg?d:ﬁb?ézg%é StHOTHEL S 2 £6di e

granul ar_polysilic ia_a, {eed tub i.s positioned 30 above a
centrart$ Id %H‘e%irﬁb’%ﬁl hé 86 FASt ﬁé’“‘éﬁ?]eect]d? w0, S‘(‘}Pﬁ%u?%ba EkYosed unnel t ed
ch;mk Pol ySlﬂ)amIlJféBdtBrthe b@d&m@ldummgarﬁ]aixghéhgsé&térh@ @é@rﬁ@iﬁicf: .

pol ysi l'i con eed tu itioned over the center of the
cruci ble 10 %‘?1%%??%%?{: ggbhésngﬁgegéh *of the bowl 35 shaped charge. The
granul ar polysilicon |‘§héeprgeaelsaldfy tlh& qmelrnfztterttrwenmorbom om of the
bow - shaped %wﬂki L 0 6 s t he
centerline 16 0 hjéglc%ﬁ%FéﬁeRf%g%ﬁ?e %&t uébaclo%iﬁhaslg% }%(‘)zﬁlllﬁ%t

gener al1y hazones cpft aosplext éesmrbwd@retm.erfsm eximnle afxmulaneleanldu t i on
of granul ar a% ﬁ&i—géoﬂuﬁég'fthﬁa/'o% ié‘éﬂ’f&l@ﬁleecéé'& %B:CE %oéi"@l gdle is

about 1 to ut- 2 cmfromhe top of granul ar pol ysi'licon nmound which
has forned. 3RV, C¥ReiRbe LE P&'é'le&' Itéhd't%lﬂ SRAWSF f?@fﬁ%ﬁ%ut 8 cmto
gb\cl)wut ﬁZ cg1 xﬁmm@zzéﬁgésaaatasl Er@mdiﬁfﬂd:!ﬁ?éd/\ﬂvilrtl‘}ﬂi’e pr:@eTlﬁérfi)édthem ]
o] shaped charge to. .10 re et 0 r ar_ po i con iC
bounces off If"h‘eg%%ttoWSf ﬁ%q’&ﬁﬁ% ﬁ'd"‘ é) "chﬁhea cruci bl e
during 2thi s mnple:ondeé"hgngmandb@rlcmdd/mri iRI. ils, fvdreetto a Heeatharge at a

rate which v ela% fé?tgﬁp&‘ﬂd#_g RBBQ 1tolﬂee|dja%@} el kfg (:'lxﬁ.lcI Iblﬁ'— bﬁunk and

used and th Srze o ﬁt)é$ I con charge, i el ng bot
granul ar. Fdio dsarppeeds bhah Ebel igm f iGheh t‘ar?éitrlﬁ, @&ciote &d about

a 75 kg to ah%ltmal@é)rkglshefee, whiRHCld ¥ d e Bl P ihd Chad| | be
fed at a rate ra tgh?g pm 20 apout 15 to ab ut 25, /hr and ttF;){eferably at
b\S’a%CnglF

a rate rangimpRr gE&d0 Leacpined port ’*12"4 JeRIT A et er
cruci blzs andfahwuth@ gcdPekgft ﬁh&b@i’foc]e@s kecE ot Qﬁ:edemt Ciatventt en f eed

24 to about 25 26 kgl TSt FoRoa B3 TARE, TaaRheon s BrEGRENY sROR 7%
kg cthaggeko;pwﬁyﬂligphcahhyltmgeme'@(guf Jaa;ze s;hapes,arugsa pre:ﬁam:m” tovmrtg t
abou g -9 a 0
t he granul ar pol%/-rgig |cohmt()‘ce>|£% h?leg ﬁ{]%ﬁﬁ%édﬁield{u%unk %inggggfrom
about 1:2 tdomeztmeahultpaéfeuseblqt granukesomoy Bl kicambran 3: 2. For
exanpl fogﬂ l&:@goﬁ &91§£192§5’9n§)d rapl?c?ducwﬁfbrprﬁféﬂw ardDOUth 8195 kg

Ioadlng of ysilicon is erred based on the factors

det ai | ed abovRCigenaet A pargfcyoda éﬂ%ﬁ diaminaide e RiRFLSul ar
pol ysilicon.crystal silicon ingot. Without being held to any

particular theory, it is believed that the granular

polysilicon traps gasses such as argon or hydrogen at the
35 bottom of the crucible, and that these gasses are later

released as bubbles into the silicon melt during crystal



,1 1 APR 2002 17 Formation of a |ayer of nolten silicon in the bottomof the
crucible prior to the addition of granular polysilicon acts to prevent
argon gas, present at the bottomof the crucible, from being Aprapjged. This
is 5 because, as the heating process begins, argon can escape through
spaces or channels, indicated generally at 60, which exist between the
chunks of polysilicon charged to the cgucible. It is therefore inportant

not to begin the addition of the granular polysilicon until a layer of 10

nol ten sili aprowtls. f osome, obecaess:ubmarsolc)asi Ibecmavidd t ddndqa thesgenepaces,
trapping the, Argon, and event h ca e. rlqﬁht e initial, period of
b e%? F i i

granul ar pol§Y¥} b % ghov g Wddey 15 is
typlcallylnﬂeﬁGEMQd aThabuae éftchnnkT@diMsuiﬁndneﬂdrrﬁﬂdﬂfﬂiﬁihior about

160 to about ﬁﬂ%Q¥%§ dsaggepkggﬁgggﬁ%ho%re@ggﬂ %% to abo t 190

m nut es. Nhln gressure W the Cr cts to reduce
t he anndht<ﬂen¢{n¢ﬂyrmnse hsbant higbed atieflids .20 bottontof t he crucible.

By allowi ng the Argon %F@e£91ﬁ CABG £%OEdS: ane QQ%%f%rrlng noﬁﬁﬁnﬁtngle

crystal silicon ingot durin gromth procéss |G 6,

during the iRRYYS} %@%@e4%flanhﬁ §vt Beadeded nEvate sirusidhg &0 alwl chunk
25 po-lysil 'g?é}fbra‘ti] PPihaEeQ0WY Shl 'r%@?e@% 't% feafd iqi=0 ilthe Jotdun of the

Do orhed S th h'th 60
o st Sharge. L Thenyeieass, or oL aen s LG e e

shape of
t he chaiks, :Rﬁn|éxampleac&eSStaEedDhbenes|hfca@o4&m@m Hmmn&O bottom 22 of

th i bl The : t | th I

boryel |t con RO I FrdR ke PLARGSal RACHS cBE. Bl BHAD ChediBalll 2T e
spaces bet wetirese ahutike porysibleohntremsksconilmg adlkddgdeat ,ortHand eids bef or e
the granul arypol Jéﬁa§&t agécfﬁstﬁgegﬁébg Eﬁgqy £ thell EEFgOOZ 18 As

previ ously state e granul ar ySi |con is heate o the point of
mel ting, hydoiganinonter nEQrRL RG] hrtﬁeegr Qﬁub@ﬂgsmsym Thegefioreeltansed. | f

the gramul ary BRlty St hd GOOE SREESL T B eeubaetedemhget Eresttqlttle@; Sﬂrldnpon too
soon, the tenperature of theﬁﬁranular Wi

sil,i¢con e inCrea
rapldly, r eSS EHPY ] HG SpRar P8 chBE 6¥1Fﬁéih§@ﬁ6§§th i'alns Thi's
rapid rel ea;ml;fsrwikfcﬁmets cpnefesablyi artrhaged dht ehengrokitilld am silicon.

As generally, d 62 l I 1 th mel t ed .chunk
polgslIlconyprggéﬁiqagg@% tFie %ﬂr%%c gogh?hggﬁggtgﬁe Ppggﬁn EEF% defl ect
the spl at t etmat throR 2tandfonosidaewsili 26npft hbe ptrev.ebﬂleng Shein farom

th th t thin the hot
escapi g t%he i %fé‘%’s %ﬁ@%?ﬂe& ﬁCB§§F§r0 8 B%ré%%%stw I h the no

zone above e reflector or the FEed t ube 54.
Referring ndwlteilq:h@d Zthag, theé thedrhynks gfamrolysiparesi shdds 5xhe

continues, §EHtAldY the chunk collide with the sidewall or bottom
of the crucible and cause damage.
It is also to be noted that the initial loading
25 size of chunk polysilicon may vary with crucible design,
hot zone design and the types of crystal products being
produced. For example, for a 100 kg total charge using a
22 inch crucible, an initial loading of chunk polysilicon
of about 50 to 65 kg is preferred, with a loading of
30 about 55 kg being most preferred. In contrast, for a 120
kg total charge using a 24 inch crucible, an initial
loading of about 50 to 70 kg is preferred, with a loading
of about 55 kg being most preferred. As a result, as
depicted in FIG. 2, for a given crucible, hot zone, or
35 crystal product, chunk polysilicon 42 will typically be
initially loaded such that the height of the charge does



cuff icient quantity is added in order to fill the spaces 60 which are
present between the chunks of polysilicon 20 present at thﬁ b&ﬁ 2@8222 of
the crucible 10. As a result, the granular polysilicon acc flru on top
of the m xed polysilicon charge, formng a granular polysilicon cap 64
whi ch extends radially outwardly and downwardly fromthe centerline 16 to
cover the chunk and 25 granul ar polysiigcon beneath it. It is to be noted
inthis regard that generally the granular polysilicon conprising the cap
i s that whi aot sexceednthat totadbded dhtheoBGhé heilicen deabt j ngst he

di vi si on bet t r.ti_aon bo ion 26(b)_of. sidewal
2|6YI 3:) St at ﬁ%ﬁ%ggy gp‘;‘?ggé‘téﬁer 55%16 ﬁ’h%%’an%‘?%&%%%f?%%‘g %Eptbgl in
contact witeikbconpmpdrt isncompliesesi detalis Ry dfermdtgqd imrchidm out
cruci bl e | oadi n r LOR ~Of idd ts rucible 40 4

mai nt ai ned thdé pgs??légén\%ﬁgl:ecﬁo é:r%%%é%g%%ﬁt%%%gcﬁﬁérﬁ?é p% yts%lgi con
charge Vi t hiPhye BPd¥saddcen. 28he ganaral hright ehdheorehaream b tae

granul ar polysidé€e8fminkdl by heABRrANY %t athdbottthn C32ChHl &rd FRy need
to be lowered in order. to, prevent the cgﬂ”frorrre%?mn into contact with the
Bhdhorh e

g {
reflector 400 %°¢hRechigheet POiRls B BPLY$ELIEPR pe
posi tion sucdhdrgé.the top edge 18 5 remmins at or above the top edge 28b
of the side heater 28a

[t is to be. nated in this r rd that whether the
cruci bl e nmust be | ower 88afd S P&@?"-’tlol’vﬁ?éi Jtsev]%?a‘%%rﬁfétt e | Y6Wer*%r e
di ct at €0 by ehdexrrtoi bimitiesihgnpatiemttictl Zme thesifpymanion hef hamgefst he
charge. As , i : 18 of the
cruci bl e 103?%1'%?{“%2?%\%% h§%?§5E§§§gE§3b@%% cgtrﬁiexﬁéfpdael%léela#g?orgg%ei n order to
prevent the Porgugedcencbahes themhediahictatndhaechangecrangen. fremt his
occurs, the ghaiet bheesheubbobe RAtSRRALHOME RhE SUHRLidallS quantity

of polysilicon charge has nelted t revent the cap from contacting the
refl ector. I%?nJeﬂ'?‘P’Flgmﬁg\%/:t oPER er@?’lg’ee q??g q}"fur%ég)%}rya?ﬁ{ﬂ’aqorbo’ﬁ/si l'i con
conti nues urdirtrahgedbsliehcehat the dhardgie s teercladdss fandde fromi bl e.
For exanple,_Jfor, 2 00 otal, charge with an.,initdial, char of about
55 kg of chﬁﬁo‘b%l @s?l fl'(%ﬁt)g%flgeg)i'r?g%lléne%orﬁ\%%&éedlq}'htt icfé 'ﬁ-h}ée bat e of about
45 kg of grasilicopomhgdkl.i con i s added. The bal ance of the granul ar

pol ysi li con accunul at eﬁe@@r&‘i@gﬁxo‘i«h%&“lﬁ‘%ﬁ g’?’gca’}éaé.r q%.g? ;%Iggee a3 adds to

the 25 general size, shape an ope of ITon carp 64,
formed by tHeegm antrandpdl & theosrmeidnle stQerBrunis of Hohtact with the

of the B anTar STy P e a1y o o the
angl e 019 re %%c}g%ﬁiy'ﬁﬁ@aﬁﬁaﬁg‘?g%iﬂﬁ‘?gﬂ i< é:ll?fggca‘iﬂfe’goi "c%%?‘éd
pol ysi | i con gharghaegat hage at owdl-like tdie dwdt-Ad? sfapde Stucidde 10,
DoUh L he B et YRl B SR AR PN E BB AP IR e ol ter
may be spl attleaedidieitdliyhéhe rhhkrg&bR ®@HHhg away from the
25 ceﬂterline 16 and toward the crucible sidewall 26,
generally slopes radially upwardly and outwardly to an
apex, at which point the charge generally slopes radially
downwardly and outwardly. The initial upward slope, as
well as the latter downward slope, of the charge is
30 generally equal to the angle of repose of the chunk
polysilicon. An annular rim, generally indicated at 46,
is formed by the apex of the bowl-shaped charge
arrangement.
It is to be noted that, in arranging the bowl-
35 shaped charge, the height of the charge at the crucible
sidewall 26 preferably does not exceed the ultimate



,20 rap| d rel ease of hydrogen, thus preventing the droplets from escaping
'the trucible. After the addition of granul ar polysilicon is conplete,

heater power is nonitored in order to control 5 the rate at which the
granul ar polysilicon cap 64 melts. Referring nowto FIG 9 1H&R 02 power is
mai ntained within this range in order to ensure that the m xed charge of
chunk 42 and granul ar 52 polysilicon kgneath the cap 64, i.e. the

pol ysilicon present at or below line ,10 30 and generally in contact with

the bottom peilgh c36Hhe et Ol6‘:\!&@&51:[c&@edn&laheiltaJ,f.’?’r %&61&?@ 43 | %‘fﬂ%et he Cap

to gently enter the no silicon nelf such that ashi_n
silicon ont% H’@tc"'r%ﬂﬁt é:r}%ﬁalq‘ojo?e%v%?%ﬁﬁgih@oﬁof“ei@néspépﬂ@lﬁgepre\letnt ed.
St ated anot her pi:f'eﬂme&le:&taa’f marvemeighﬂabﬂt @héeéhla@'g@r der t‘h@ Control the

rate at which the ul ar ! | i co cap .€,

pol ysi | i conSGEREPH %er? ‘%h&f‘ﬁeﬁg gtfl Gﬁ‘ e{llrre 18, 6’5\@@!‘4

enters Bhe &bl poe@vendt ttheTyfmmﬁtt:yontdaﬁ aoh;ﬁgércom eebridae asrate t hat

allows 20 t@gl%q_glgtb %?%%ﬁ]{fé S[B]pgcé Jiécon melt over a period rangl ng
out

from about pre erably over a period ranging from
about 75 to about 105 k# rut @slsarkp nestnptefethsty duer ta peei od of about

90 m nutes. B@'E?'url'a@:g sth%th Gf e ﬁlglf)ggygggébgg abl Oﬁﬁ ngl{r ol he cap

64 to sl ovay fall bel ow The upper surface arid enter 8r si i con
melt 48, th@§ phev&HELIS tife nclp ynrbieral | Vhichnheangethel slape efusi ng

nol tenigi | i epe b@xalie_;eSWJ.dS.hﬁdaszts&ﬁeWﬂil@t CEH6hbbBe bArthEba1RedakeLibhe

D ors havPhthe Sns 65 g Backars FERbtEn RopesbnELtatehs: of er ed
because such7des~.,| gesntr do c@;gmaaimteretthe cg@ﬁenhlf eﬂ.opbeogr ahdl Bowl-

be. 2ol ashed daBeRs cted (AR 0t B PRAbAR OB ke eBagpe L anul ar
52 and chunkam2bgolofdier thamdihathegrnehallhy depienedt hereenpbyailmne of f
- 11 48R 28923kroie g%ztt%ggrm Xnd égﬁél&fntﬁ’elgbggeﬂe“ ses the cap

i ncreases. By control time Pperiod over he ca eventual ly
enters the ABVERSiON. | con nmelt, the granular polysilicon which conprises

thfefcap Its expolsled 5f et t%mt@ﬁﬂ%wg.eld\ weléff?mea%dgnaghape%hbﬁargé g
sufficien o allow for i o be de enat e efore i e nrer se
S e ool ¢ BRsa PR e /A GRS TS craa TV, ROt R FALY, EROBT At T nppod
hydr ogen rmbenulee:ﬂ:.(nlelZ)J.GOItomar& i diuolighe t bbdewgdlaRestwhithre of the
10 pol ysili fac € nation include
thept e%%er aé%ggrééa n%gggeéf g?o?lbé“g%s%%ﬁ% &%ﬁﬁ gggggglgﬁeg%flgt—ance

t hr ough whi tenthe Rydrtdw@en‘amsxs aff fulse ¢meshh@e tﬁeeﬁeyebhy, sthact ure,

and time. Ceograblys bAiRel YHdi Mslunkerdn Rbogtapikesentng particular

size, as tehperature increases t i'on constant 1ncreases and the
ti me requiragonsr edigdtinfenddeh afo Whe fxadivecebatbs. ctneébife pol ysilicon

cap 64 has gugegesf uldue %t@}ﬁdﬂﬂeeg{piélensmbéceﬁ fRbt ch8nkt he crucible 10

is 20 returned tq._iits initial positian, owered during the
additi®n of P@EXﬁ&I:L&F%ﬁ?w IGhEo R C ARt rf"”a%ﬂ"é? e‘\PAnggetﬁ?'@ ?‘r@a‘ﬁgytﬁ@r& uci bl e

wi |l be posgbimendstsudepemnalindhaipm yshe | emmuthar gesisiosndar eHewrtini n t he
si de _heat er §8a Cﬁ% 'Htseds ELtso e nog&q__ tggtrégglr,gggé/e h.fﬁlégé ggvertgf_,evel S

and time rafl & Spfinized B har ize an cruci s of
any di anet eraddiusg ishé&of blel dﬂﬁ@‘@mdlbﬁlmg@ﬁ@ingeéromths i nportant for
the m xed c f; .ch k]%(g% r con a t ap to
mnelt at a rgtg égmﬁq lf?% :i:%o ag'l%p;g 1%%“{)&?%12 tor8 BQEHE! éﬂeéﬁe Qﬁefcf t he
chunk 3Ad gep&ntbhgr beollyshapash Bawds Whh@hch% ﬁ@rthﬁéb fwam, thae di stance
over which LbBeteanjpest fall into the nmolten silicon nelt may be too great,

t hus causing nolten silicon _to splash
J Generally,réhe height of the bowl-shaped charge

at the annular rim 46 is greater than the height of the

charge at or proximate the centerline 16. Typically, the
35 ratio of the height of the annular rim to the height at

or proximate the centerline will range from about 3.5:1



,35 fromthe crucible. If this occurs, the total side heater power is too

hi gh and shoul d be reduced by about 1 to r . 1 APR 2002 22 about 2 kW
both during and after granul ar polysilicon feeding, when i@e xt silicon
melt is prepared. Conversely, if the chunk and granul ar i288n beneat h
the cap nelt too slow the cap can 5 ultimately forma bridge and separate
fromthe surface of the nolten silicom4relt, |losing the heat conduction
path that exits between it and the nelt. As a result, if the cap fails to
fall into tHe rAPQUGI 1 h2h: Aboandopresexadly f@@nmahsmn:s 3fY etofaledinhg of

granul ar polysdlqj coan,'_s (;_Lgaﬁgqgl eggg,r gb?g llldﬁwﬁeh ﬁggfgléoaltlae si de

heater power. If the cap has Into t ter about 120

m nutes aft et #%df%fh@rﬁﬁonE?eheaﬁbﬁt of I’é‘hﬁoboé&imﬂhﬂi?%ﬂl Ploaege sabul d be

added. |f tftﬁa@%ﬂmﬂm’ﬁaﬂoilﬁ\ahbeﬂahgbg Fhemmalboudf ey @GPl M50, pytes, an
15 addi tSJ onal e, added ﬁ p has not fallen into

0 I f the
the nel 2 af tSY aﬁa‘b tp’i hEYegrﬂQsaQP&ﬁs@a Shte Yeeth fgtof2§r anul ar

pol ysi |l i con mmm f:mrpl ehedbottoins 2ki k€l ¥ hehatrvaipliedgeo hastior ned. | f
this occurs nificapt otentlal for,.the creation of a |large
p as% @19% ﬁa e g bi

nol ten sili gbnl TPhe bPé’S%lf“&S—?e S RSTHE @ and
fall into ttgﬁmallﬂmamgeshérhazabdstpésedl by sbouta i tamt |ami it is

preferred t éréﬁf%CP%ﬂeagadtpéeeﬁf €02 2R Mglgt ,CE k%le%cp é e total side

25 heater r eased g I east about 37t n accor dance
with t A pr G%ee?sséﬂéﬁ dt freopr eBenbothomneifotihet ﬁ’é‘uésd@lltel .on 1ot agfdihien,

pol ysi li con ﬁféﬂél%bl}boﬁ\he shanedxehHAk BRbWSbbot®n sChal 48 'a%cﬂ?c_nei:@' l'y
preferred becausecllo1 IS nore ow ng than chunk 30 ysilicon.

e
Preferably, ¥he tATPLE BB?’;@FPPi%andeB Puty 48 SAd té’o&lHO@O%?ofC‘Phe
granul es, byabwighthe hah&rgesateodi pirbbcbmhten thel dengewliitien 1he range of

about 4b0 ~.mto about 400 y en,concentrati of t.,he

gr anul ar poI ysilicon |I&n%)$ %3?8 gSB gf‘ég taﬁe?lﬁ&gihﬁe qgrgkéectc}fafﬁqe
spl att &5 ng ats tduntammedan rhmnandetheuhebghtbyfrrehns cifaxigee aghunk

pol ysilicon pqqg ar I SichieC ogen
concentrati L“Ip%;so %2%1 %%?F%%}lﬁ\gﬁ“tgg F%g'ug’g'ltté'ltt ;cht that cﬁ]
granul ar polt)hﬁ Iqmﬂ-blﬁrprtbﬁnglzﬁeoéaphﬁschlalmﬂeénﬁot@@ﬁﬁﬁ)‘l@'ha?tfe pri or

to becom ng dyETB{sed;dile t herpdPl EQ8mp1 8l | hEOEhEEHE.amEIE@&efdf &hd he present
i nvention i s advant ageous over pLLOE ari1 met hods |t provi des a
|

means by whiGHP P %‘E/rﬁ"flﬁﬁﬁl eperpE Péoﬁhﬁabpwé (HRFS o
aver agechydriogen oenc@st &heenshel ﬁﬁhUéxngna\éea&geecmreewwge)ma: adrup to

about, 200 piti skl 1Bl SbLu e bOVEYohay! U2 BEELRIE Kl sgpcent i on
preferably |dessigrhmant 2thephat zone is not prohibitive. As a result,
it is to be understood that the height of the charge at
the annular rim, and at or proximate the centerline, may
25 be ;other than that herein describe without departing from
the scope of the present invention.

It is also to be noted that the height of the
charge at the rim 46 and at the centerline 16 may vary
somewhat due to the irregular shape .of the chunk

30 polysilicon 42. As a result, the height of the charge at
the rim and at, or proximate, the centerline is to be
determined by measuring the distance between a point of
the charge which is highest at the rim, or at or
proximate the centerline, and the bottom 22 of the

35 crucible 10. 1In addition, the distance the rim extends
above the charge at the centerline is to be determined by



, The process of the present invention affords the neans by which to reduce
"the anount of tine required 15 to prepare a nolten silicon nelt, while
avoi di ng the above-nenti oned probl enms which can |ntroduce1deﬂERtmmjnto t he
growi ng single crystal silicon ingot, thus inproving the overall yield and
t hroughput of dislocation-free single crystal production. For exanple, the
total tinme 20 required to forma 100 kggnolten silicon nelt in a given
crystal puller have a hot zone of conplex design is about 6.5 to about 7.5
hours. Iti:maasdmim@tehetdéstahcehbecwpemntﬂmshmghaaﬁtpaﬁn&ﬂdft&hetine

ranges give t o] I I char ceed 7.5
25 hours, tﬁgﬁﬂg%e a$g%€|§§?kiﬂﬁﬁé ﬁ§§¥2%§E§ pégﬁﬁgéigﬁgégﬁﬁglﬁﬁé shoul d be
i ncr eased wﬂﬁwiﬂhGDﬁe&benﬁh@rEG prepheediby about | kW Conversely, if the

time to conpletely nelﬁegggrgg rgéw o 65%. tQanﬁﬂgnthQQSé?¥y 14 pomer
| evel s for the heaters sfter out 5.5 hour's shoul d be 30 ease

about 1%W 43 i hegbedhY PSSHBE-@nfLF?Qt thige cracd bie i) cqvqrhéfg?ftamh%r
pol ysi li con disarcsl i@t@eﬁégamn¥CbEhee&I&@umtmnwn&t Qiyle.L(’hdMit&Hln élr&é ranges

gi ven above., |f the feed beI t he | wer I|n1t
likely 35 t H24%0 %{th oAEifg £ £8P ’ﬁaferﬁ?é’lrt ;’r‘?‘]  the.
formati on ofprdrelgp ahndatipnl psi theonrua:}ibllef wifdils varqr iwithl theAPR 200p 24

oceurs, ol (el ISENROULSLBRLIL! Shal PO LhGCRIGHY s dispause iy e 1o

not a enough srlircon to de t he o |cdn as rogen
escapestdrorasg Ité’lemaﬁilzﬁgograhal anipdpygs Chu@tnpowm@mry lgad .t hé‘Heeed 5

rate exceedshiin UapRreliitha §VeR: nAArERCLERIL ik AL RALY paver may be

reqU|red in % An i ncrease in ater power. coul d
cause' t he niSQEMigHArYPIFLLRARYI BE 5Re chargepsryPuisiay hatdnth kareap to

el t t? qui :‘dr‘]séXnoIt?éﬁ“éiiI\ﬂcAgﬁ Lbe ﬁabaggeahna feAxnwutﬁracleO@ lizgn as the
cap enters e proces reparing a
silicon nel (W% "t%% ‘Fli\ué’FoRPRllu QE%FF@I &2cPpIch 1§ Ielxé’(?r?‘q%éé’(dp the

accor darge wpgesd heuxZachr afskhembhedn tsl:lemlolm e@lthel tTheeireg.es qff epar ed

in a crucible qg:’ang e%&#%gi ggsgg Eh £32C98 %&loEeﬁMT 'YI1icon

substantlaJIRF i it 6F&ct s eone rc
cent er poi nt 4% auﬁfimienh]tandoueradhasCenpebdﬁn@oﬁm@n\Qﬁeléeﬁpmmadmato

the S'deWM|bytﬁEitlng between about 4 and 10 percent by weight, and

preferably between about 6 and 8 percent by weight, of

20 the chunk polysilicon. An initial heater power is
selected for side heater 28a and bottom heater 29 in
order to ensure that the formation of the partial silicon
melt is achieved by heating the charge typically over a
period of about 60 to about 120 minutes, and preferably

25 over a period of about 85 to about 95 minutes.

Referring now to FIG. 5, once a layer of molten

silicon 48 has formed at the bottom 22 of the crucible
10, a mixed charge is formed by feeding granular
polysilicon 52 via a feed tube 54, which is positioned

30 above a centrally located opening 56 in the reflector 40,
onto the exposed unmelted chunk polysilicon 42. Prior to
and during charging of the granular polysilicon, the feed
tube is movably positioned over the center of the
crucible 10 and directly above the center of the bowl-

35 shaped charge. The granular polysilicon is fed generally
into the center, or bottom, of the bowl-shaped chunk



,process conprising | oading chunk polysilicon into the crucible to forma
charge having a io bow -1ike shape, wherein the | oad generally sl opes
radially upwardly and outwardly fromthe centerline tomard‘tH@Rsﬂﬂgmall to
an apex and then sl opes generally downwardly and outwardly fromthe apex to
t he sidewal |; heating the bow -shaped chunk polysilicon charge to forma
partially melted charge; is feeding gr&ful ar polysilicon onto the

bow - shaped, $€rtL§LI§ melt ed char%%lto forma m xed, charge of granular and
chunk pol ysiPPLéAL2fE hEMGTEHF EHE 'WﬁﬁFrﬁﬂ%s???E%ﬁlﬁﬂﬁrgé P& £EBEm a
silicon neltex@cibhe poOoceTheafesel thubsd 64 rh&d ad Mdzaber 86 nwhliehgr anul ar

lysili ' t - d tial |ted ch

ot mat o 1 eSneARLEY, B0 5 hnttll SRR AD Srodr B’ ERaRRE Ak i

t he bow - shapferhthk pddisiilanc @f grame drnpal el jhtoat addibtsodensl | whi ch
. t t ! : g4 t t .

bol yei | oon Srmplate? RHIBhPlor M pofllk o molia B8 ThEEE 2 cny
forth in clafxPe Gher EPR efe thse gxssntkat IB0¥ s siceen anpundr whighohashe

bow - shaped £§pKapO! Y§iiiceQn yChanie nSzPte s P4 Oféégtﬁsréﬁ%_iﬁgr ERohn
claim4 wherein the annular rimhas a radius, as nmeasured radially

outwardly frRPtheBcER &P BROU o F® he THRICIAZLR| 2RVBFES #Bnging from
about si x-t eedhFuhetabauwiehghd eills tdle taslinwDishdecar deabge. £6. The

process; @5 Sela{ 0L Prb"afbAk? MBSt G SIS AL Sl R, 308 8hL
off the bottom of the bowl-shaped charge and out of the
crucible during this addition.
The granular bolysilicon is fed onto the charge
at a rate which varies, depending upon the diameter of
15 the crucible being used and the total size of the
polysilicon charge, including both chunk and granular.
For example, for a 20 inch or 22 inch diameter crucible
and about a 75 kg to about 100 kg charge, typically the
granular polysilicon will be fed at a rate ranging from
20 about 15 to about 25 kg/hr, and preferably at a rate
ranging from about 19 to about 21 kg/hr. For a 24 inch
diameter crucible and about a 120 kg to about 140 kg
charge, typically the feed rate will range from about 20
to about 30 kg/hr, and preferably from about 24 to about
25 26 kg/hr. For a 32 inch diameter crucible and about a
150 kg charge or more, typically the feed rate will range
from about 40 to about 60 kg/hr.
The weight ratio of chunk polysilicon initially
loaded to the granular polysilicon being fed onto the
30 unmelted chunk ranges from about 1:2 to about 2:1 and,
preferably, from about 2:3 to about 3:2. For example,
for a 100 kg total charge in a 22 inch crucible, about a
55 kg loading of chunk polysilicon is most preferred
based on the factors detailed above, with the balance of
35 the total charge being granulax polysilicon.



io ranging fromabout 22 cmto about 25 cm as neasured fromthe bottom of
the crucible. 7. The process as set forth in claim4 wherein a ratio of the
hei ght of the annular rimto the height of the charge prdxi ABRefhe
centerline ranges fromis about 3:1 to about 2.5:1. 8. A process for
preparing a silicon nelt in a crucible for use in growing a single crystal
silicon ingot in accordance with the Cgwpchral ski nethod, the silicon nelt
bei ng prepared in a crucible having a bottom a sidewall, a 20 centerline
whi ch i s substantial | yFpamaltlieln taf tehd stedevet Imcltcen ndE£l se@chsia grenetric

cent er poi nt t 2 4 ad] LkS endi e_ge | to
t he si dewal Ik?é%’}tﬁgeﬁpggcgg? gg“#%ﬁ%s*n?#o%%ﬁ%%%n éd%gg%%l?éi Q%%%#LIQ%,[ 0 a
crucible; palyeRlloon 2ztisedd myaventcangen dapolnsesentonatotherm a

parti al l h 0 | Sl 14 | f
y ggéaéﬁgﬁﬁsaggehe RUSHG THASD L a-d5yd Y apniippes surface

and unnel t pol ysilicon exposed above, the upper surface of the
nol ten s¥1icopcanedd #§ §PEndeating RHIGTH RAFINT hR TR se eRfRPeed

chunks of s peiysghi spacke e BranHeled, tolysdddDyalaFrdrly aaposd| on of
the granul ar polysilicon, passing.throygh spaces present between the
unnel ted chufRECBf eoPysPEMGE LIS %ﬁh?%ékﬂﬁiﬁ§i¥ﬁﬂ GO CORPESBRTEPs the
mol ten silicene apdchpaki.ng Tthd snitted-gfdysiinmpartaitangst ttoo flsegia shei con
melt, the unggégggon of the granular polysilicon until a layer of
10 molten silicon has formed, because the polysilicon will
fill these spaces, trapping the Argon and prevent its
escape.
During the initial period of granular
polysilicon addition, piessure within the crystal puller
15 is typically maintained at about 1 torr. This pressure
is maintained for about 160 to about 200 minutes, and
preferably for about 170 to about 190 minutes.
Maintaining this pressure within the crystal puller acts
to reduce the amount of Argon that can be trapped at the
20 bottom of the crucible. By allowing the Argon gas to
escape, voids are not formed in the single crystal
silicon ingot during the growth process.
Referring now to FIG. 6, during the initial
stage of forming the mixed charge of granular and chunk
25 polysilicon, the granular polysilicon 52 is fed into the
bottom of the bowl-shaped charge. It then passes, or
"trickles," through the spaces 60 that exist between the
chunks of polysilicon, due to the irregular shape of the
chunks, until it reaches the molten silicon 48 at the
30 bottom 22 of the crucible 10. The bowl-shaped charge
acts to funnel the granular polysilicon toward the bottom
of the crucible and also acts to prevent the spaces
between the chunk polysilicon from becoming clogged or
filled before the granular polysilicon reaches the
35 bottom.



,chunks of polysilicon exposed above the upper surface of the nolten silicon
~0 acting to deflect splatters of nolten silicon caused by the escape of
hydrogen as the granul ar polysilicon contacts the nolten 1siAPRc# and nelts.
9. The process as set forth in claim8 wherein the partially nelted charged
Is formed prior to the addition of granular polysilicon in order to prevent
the is formation of void defects in thel&ingle crystal silicon ingot. 10.
The process as set forth.in claim8 wherein the partially nelted charge is
formed by melting from#&BoR¥eBlrysdloFtageser snithey SHEYHEDHF t he chunk
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polysilicon dangsitas s€liedn. As generally depicted at 62 in FIG.
10 6, the unmelted chunks of polysilicon present above the
surface .of the molten silicon act to deflect the
splattered droplets of molten silicon, thus preventing
them from escaping the crucible and becoming attached to
other areas within the hot zone above the crucible, such
15 as the reflector 40 or the feed tube 54.
Referring now to FIG. 7, as the feeding of
granular polysilicon 52 continues, eventually a
sufficient quantity is added in order to £ill the spaces
60 which are present between the chunks of polysilicon
20 present at the bottom 22 of the crucible 10. As a
result, the granular polysilicon accumulates on top of
the mixed polysilicon charge, forming a granulax
polysilicon cap 64 which extends radially outwardly and
downwardly from the centerline 16 to cover the chunk and
25 granular polysilicon beneath it. It is to be noted in
fhis regard that generally the granular polysilicon
comprising the cap is that which is present at or above
line 30, the line denoting the division between the top
portion 26 (a) and bottom portion 26 (b) of sidewall 26.
30 Stated another way, generally the granular polysilicon
cap is in contact with the top portion of the sidewall.
Preferably, through out crucible loading and
formation of the silicon melt the crucible 10 is
maintained at a position which generally centers the
35 chunk polysilicon charge within the side heater 28a.
However, due to the formation of the granular polysilicon



,to 14. The process as set forth in claim1l wherein the apex generally
forns an annular rimof the bow -shaped chunk polysilicon charge. 15. The
process as set forth in claim 14 wherein the annul ar rinEQaaPQéb@%radius,
as neasured radially outwardly fromthe centerline toward 't he i bl e
sidewal I, ranging from about six-tenths to about eight-tenths the radius of
the crucible. 16. The process as set {forth in claim 14 wherein a ratio of
the height of the 20 annular rimto the height of the charge proximte the
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hot zone design, and the size of the charge. As a

10 result, these factors may dictate that top edge 18 of the
crucible 10 fall below the top edge 28b of the side
heater 28a in order to prevent the polysilicon cap 64
from contacting the reflector 40. If this occurs, the
crucible should be raised as soon as a sufficient

15 quantity of polysilicon charge has melted to prevent the
cap from contacting the reflector.

Referring now'to FIG. 8, feeding of the
granular polysilicon continues until the balance of the
charge has been added to the crucible. For example, for

20 a 100 kg total charge with an initial charge of about 55
kg of chunk polysilicon, feeding is continued until the
balance of about 45 kg of granular polysilicon is added.
The balance of the granular polysilicon accumulates on
top of the mixed polysilicon charge and adds to the

25 genéral size, shape and slope of the granular polysilicon
cap 64, formed by the granular polysilicon which is
generally in contact with the top portion 26(a) of the
sidewall 26 and above line 30. The final slope of the
granular polysilicon comprising the cap is generally

30 equal to the angle of repose for the granular polysilicon
being added. As the mixed polysilicon charge continue to
melt in the bottom 22 of the crucible 10, both the
unmelted chunk 42 and granular polysilicon cap 64 above
the molten silicon 48 act as a shield to deflect any

35 molten silicon droplets that may be splattered due to the



,feeding granul ar polysilicon onto the exposed unnelted chunk polysilicon to
to forma m xed polysilicon charge, the granular polysilicon accunul ating
on top of the mxed polysilicon charge and formng a grapyl asg pRjpysilicon
cap which is generally in contact with the top portion of the sidewall

after feeding of the granular polysiliign I's conplete; and nelting the

m xed polysilicon charge to forma silfCon nelt. 15 18. The process as set
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'AI'AYUL'AYé%argeAgf cﬁﬁnﬁlig and granular 52 polysilicon beneath
the cap 64, i.e. the polysilicon present at or below line
10 30 and generally in contact with the bottom portion 26 (b)
of sidewall 26, melt at a rate that allows the cap to
gently enter the molten silicon melt such that the
splashing of molten silicon onto the crucible wall or
overhanging hot zone parts is prevented. Stated another
15 way, heater power is maintained in order to control the
rate at which the granular polysilicon comprising the
cap, i.e. the polysilicon generally in contact with the
top portion of the sidewall, enters the silicon melt.
Typically, the polysilicon melts at a rate that allows
20 the cap to gently enter the silicon melt over a period
ranging from about 60 to about 120 minutes, preferably
over a period ranging from about 75 to about 105 minutes,
and most preferably over a period of about 90 minutes.
Referring to FIG. 10, controlled heating allows
25 for the cap 64 to slowly fall below the upper surface 49
and enter the molten silicon melt 48, thus preventing the
cap from falling into the melt and causing molten silicon
to be splashed out of the crucible. In this regard, the
process of the present invention is particularly suited
30 for crystal pullers having hot zones of complex design.
Complex hot zones are preferred because such designs
provide greater melt control for the granular polysilicon
cap 64, thus limiting the likelihood that molten silicon
will be splashed as the cap enters the melt.
35 As the mixed charge of granular 52 and chunk 42
polysilicon melt beneath the cap 64, the temperature of
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structure, and time. Generally, for polysilicon chunks

15 or granules of a particular size, as temperature
increases the diffusion constant increases and the time
required for the hydrogen to diffuse decreases.

Once the polysilicon cap 64 has successfully
entered the molten silicon melt 48, the crucible 10 is

20 returned to its initial position, if it was lowered
during the addition of granular polysilicon. Again,
preferably this means the crucible will be positioned
such that the polysilicon charge is centered within the
side heater 28a.

25 It is to be noted that the above heater power
levels and time ranges can be optimized for charges of
any size and crucibles of any diameter using the
following empirical guidelines. It is important for the
mixed charge of chunk and granular polysilicon beneath

30 the cap to melt at a rate which allows for the cap to
slowly enter the melt. If the chunk and granular
polysilicon beneath the cap melt too fast, the distance
over which the cap must fall into the molten silicon melt
may be too great, thus causing molten silicon to splash

35 from the crucible. If this occurs, the total side heater
power is too high and should be reduced by about 1 to
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10%& ()'y518g@'e(:).'vﬁ0%e( )c'alplq{)‘/ﬁgé (ﬁéi-léc@oto fall into the melt after
about 120 minutes after feeding is complete, about 2 kW
of additional power should be added. If the cap has not
fallen into the melt after about 150 minutes, an

15 additional 2 kW of power should be added.

If the cap has not fallen into the melt after
about 180 minutes has elapsed since the feeding of
granular polysilicon has been completed, it is likely
that a bridge has formed. If this occurs, there is

20 significant potential for the creation of a large molten
silicon splash, should the cap break loose from the
crucible and fall into the melt. Due to the hazards
posed by such a situation, it is preferred to fail the
charge and prepare a new melt, wherein the total side

25 heater power is increased by at least about 3 to 4 kW.

In accordance with the process of the present
invention, the addition of granular polysilicon to the
bowl-shaped chunk polysilicon charge is generally
preferred because it is more freely flowing than chunk

30 polysilicon. Preferably, the granular polysilicon is
dust free and about 90% of the granules, by weight, have
a size distribution falling within the range of about 400
pm to about 1400 pm. The hydrogen concentration of the
granular polysilicon is not narrowly critical due to the

35 fact that splattering is contained within the crucible by
means of the chunk polysilicon and the granular
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narrowly critical due to the fact that the granular
polysilicon comprising the cap is allowed to
dehydrogenate prior to becoming immersed in the molten
silicon melt. Therefore, the present invention is
advantageous over prior art methods because it provides a
means by which to employ granular polysilicon having a
wide range of average hydrogen concentrations, including
average concentrations of up to about 200 ppma.
Preferably, however, the average hydrogen concentration
6f the granular polysilicon is less than about 50 ppma,
and more preferably less than 20 ppma.

The process of the present invention affords
the means by which to reduce the amount of time required
to prepare a molten silicon melt, while avoiding the
above-mentioned problems which can introduce defects into
the growing single crystal silicon ingot, thus improving
the overall yield and throughput of dislocation-free
single crystal production. For example, the total time
required to form a 100 kg molten silicon melt in a given
crystal puller have a hot zone of complex design is about
6.5 to about 7.5 hours. It is to be noted that if the
cap enters the melt within the tiwme ranges given above,
but the time to completely melt the charge exceed 7.5
hoﬁrs, the power levels for the heaters after about 5.5
hours should be increased when the next melt is prepared
by about 1 kW. Conversely, if the time to completely
melt the charge is less than about 6.5 hours, the power
levels for the heaters after about 5.5 hours should be
decreased by about 1 kW.

It is important to note that the rate at which
the granular polysilicon is fed into the crucible should
be maintained within the ranges given above. If the feed
rate falls below the lower limits given, it is likely
that too much of the chunk polysilicon may melt prior to
the formation of the granular polysilicon cap. If this

"3
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occurs, molten silicon could splatter from the crucible
because there is not a enough chunk polysilicon to
deflect the molten silicon as hydrogen escapes from the
melting granular polysilicon. Conversely, if the feed

5 rate exceeds the upper limits given, an increase in the
heater power may be required in order to melt the charge.
An increase in heater power could cause the mixed charge
of granular and chunk polysilicon beneath the cap to melt
to quickly, resulting in the splattering of wmolten

10 silicon as the cap enters the melt.
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loading chunk polysilicon into the crucible to form a charge having a
10  bowl-like shape, wherein the load generally slopes radially upwardly and
outwardly from the centerline toward the sidewall to an apex and then slopes
generally downwardly and outwardly from the apex to the sidewall;
heating the bowl-shaped chunk polysilicon charge to form a partially
melted charge;
15 feeding granular polysilicon onto the bowl-shaped, partially melted

charge to form a mixed charge of granular and chunk polysilicon; and

heating the mixed polysilicon charge to form a silicon meit.

2. The process as set forth in claim 1 wherein the granular polysilicon is fed

20  onto the bowl-shaped partially melted charge proximate the centerline.

3. The process as set forth in claim 1 wherein the bowl-shaped chunk
polysilicon charge has a height at the sidewall which is not greater than a height

of the silicon melt after the mixed polysilicon charge has melted.
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as measured radially outwardly from the centerline toward the crucible sidewall,

ranging from about six-tenths to about eight-tenths the radius of the crucible.

6. The process as set forth in claim 4 wherein the annular rim has a height
10  ranging from about 22 cm to about 25 cm, as measured from the bottom of the

crucible.

7. The process as set forth in claim 4 wherein a ratio of the height of the
annular rim to the height of the charge proximate the centerline ranges from

15 about 3:1 to about 2.5:1.

8. A process for preparing a silicon melt in a crucible for use in growing a
single crystal silicon ingot in accordance with the Czochralski method, the
silicon melt being prepared in a crucible having a bottom, a sidewall, a

20 centerline which is substantially parallel to the sidewall and intersects a
geometric centerpoint of the bottom, and a radius extending from the centerline
to the sidewall, the process comprising

loading chunks of polysilicon into a crucible;
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comprising molten silicon having an upper surface and unmelted chunks of
polysilicon exposed above the upper surface of the molten silicon;

feeding granular polysilicon onto the exposed, unmelted chunks of
5 polysilicon to form a mixed polysilicon charge, a portion of the granular
polysilicon passing through spaces present between the unmeited chunks of
polysilicon until the granular polysilicon contacts the molten silicon; and
heating the mixed polysilicon charge to form a silicon melt, the unmelted
chunks of polysilicon exposed above the upper surface of the molten silicon
10 acting to deflect splatters of molten silicon caused by the escape of hydrogen as

the granular polysilicon contacts the molten silicon and meilts.

9. The process as set forth in claim 8 wherein the partially melted charged
is formed prior to the addition of granular polysilicon in order to prevent the

15 formation of void defects in the single crystal silicon ingot.

10.  The process as set forth in claim 8 wherein the partially melted charge is
formed by melting from about 6 to about 8 percent by weight of the chunk
polysilicon.

20
11.  The process as set forth in claim 8 wherein the chunk polysilicon is
loaded into the crucible to form a charge having a bowl-like shape, wherein the

load generally slopes radially upwardly and outwardly from the centerline
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12.  The process as set forth in claim 11 wherein the granular polysilicon is

s  fed onto the bowl-shaped chunk polysilicon charge proximate the centerline.

13.  The process as set forth in claim 11 wherein the bowl-shaped chunk
polysilicon charge has a height at the sidewall which is not greater than a height
of the silicon melt after the mixed polysilicon charge has melted.

10
14. The process as set forth in claim 11 wherein the apex generally forms an

annular rim of the bowl-shaped chunk polysilicon charge.

15.  The process as set forth in claim 14 wherein the annular rim has a
15 radius, as measured radially outwardly from the centerline toward the crucible
sidewall, ranging from about six-tenths to about eight-tenths the radius of the

crucible.

16.  The process as set forth in claim 14 wherein a ratio of the height of the
20 annular rim to the height of the charge proximate the centerline ranges from

about 3:1 to about 2.5:1.

17. A process for preparing a silicon melt in a crucible for use in growing a

single crystal silicon ingot in accordance with the Czochralski method, the
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extending from the centerline to the sidewall, the process comprising
5 loading chunk polysilicon into a crucible;
heating the chunk polysilicon to form a partially melted charge
comprising molten silicon having an upper surface and unmelted chunk
polysilicon exposed above the upper surface of the molten silicon;
feeding granular polysilicon onto the exposed unmelted chunk polysilicon
10 to form a mixed polysilicon charge, the granular polysilicon accumulating on top
of the mixed polysilicon charge and forming a granular polysilicon cap which is
generally in contact with the top portion of the sidewall after feeding of the

granular polysilicon is complete; and

melting the mixed polysilicon charge to form a silicon melt.

18.  The process as set forth in claim 17 wherein the granular polysilicon cap
is present above the upper surface of the moiten silicon and acts to deflect
splatters of molten silicon caused by the escape of hydrogen as granular
polysilicon contacts the molten silicon and melts.

20
19.  The process as set forth in claim 17 wherein the mixed polysilicon charge
melts at a rate which allows the granular polysilicon cap to enter the silicon melt
about 75 minutes to about 105 minutes after the addition of granular polysilicon

is completed.
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20.  The process as set forth in claim 17 wherein granular polysilicon
comprising the granular polysilicon cap is allowed to dehydrogenate prior to

contacting the surface of the silicon melt.



