; e3ep, | mvvim yvy{6{T | PcXWD 00/ 42243 1 0 4 JUN 2003 PCT/ US99I 29817 PROCESS
OF STACKI NG AND MELTI NG POLYCRYSTALLI NE SI LI CON FOR H GH QUALI TY SI NGLE
CRYSTAL PRODUCTI ON Background of the Invention 5 This invent & UNc 2093 es
gener al | ywo 00748263 pr oducti on of single crystal silicon ingoper/ugswhosiy
particular to a nethod for stacking and nelting chunks of polycrystallihe
silicon source material in a crucible aslpart of the Czochral ski nethod to

produce crystal ingots of inproved 10 quality. Mst sem conductor chips
used in el ectronic devi cEROHESS AN i SEACKING AN i MEABIN@Gystal silicon
prepared by the Czochral ski ROIMERYSTALLINE STIGHERN, a single crystal
silicon ingot is prRORGEIGHYQUALITHgSANGELEr ZRYSITRLNSROBUSITIONON source
material stacked within a quartz crucible, stabilizing the crucible and
source nmelt at an equilibriumtenperature, dipping a seed crystal into the
source nmelt, wthdrawi ng the seed crystal as the source nelt crystallizes

on the seggckgrggﬁglgfskw@(qdyéqﬁfgningot, and pulling the 20 ingot as it
grows. MeTtrng occurs at tenperatures higher than 1420C, in an inert gas
envi ronnment at | ow Sy e.crucible is contd |1y sotate o) a
generaflly vertical g??‘% g‘éﬁi gqgﬁs#%%?%v%gneﬁaei?}gﬁéo a%h%ﬁ:%ﬁ(ﬁgléﬂ WO
00/ 42243 0_4 JUN 2003 PC%&USQ /29817 2 ingot is pulled frgﬂgthe source nelt
i s sel ect®f FHRFLENFENSERGOS iy r EPYi HHR B ELCURL A t3ant i al

concern in the production of single .
method for stacking and melting chunks of polycrystalline

silicon source material in a crucible as part of the
Czochralski method to produce crystal ingots of improved
10 quality.

%ost semiconductor chips used in e}ectronic
devices are fabricated from single crystal silicon prepared
by the Czochralski process. In that process, a single
crystal silicon ingot is produced by melting polycrystalline

15 silicon source material stacked within a quartz crucible,
stabilizing the crucible and source melt at an equilibrium
temperature, dipping a seed crystal into the source melt,
withdrawing the seed crystal as the source melt crystallizes
on the seed to form a single crystal ingot, and pulling the

20 ingot as it grows. Melting occurs at temperatures higher
than 1420°C, in an inert gas environment at low pressure.

The crucible is continually rotated about a generally

vertical axis as the crystal grows. The rate at which the
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crystal ingots'by the Czochral ski process is the need to 5 prevent
formati on of dislocations, voids, or other defects in a crystal lattice
structure. Dislocations can be generated by one or nore of a variety of
possi bl e g?aiﬁfz i ncludi ng thernmal shocks, vibrations or ndbhaliNc shocks,
i nt er nal #*Mde to regional cooling rate differences, RCEHYFIYRISI7
particles in the nelt at the crystal groywth interface, gas bubbles trapped
within the nelt, and surface tension eff&cts. Once generated, dislocations

degrade thg Lformn f trical _characteristics.an ermt. the
attachnentl%ggkngﬁ?bﬁ¥%§é %%E@%t EPPrﬁSngﬁé #°t REAEE 5%1§Cb#V§WMan
simlarly disrupgﬁcontinuit ,of the material. Further aggravating the

probl em | SRERE BAYINGcal A2E4r8er 8daMEFeli sl ocation in the crystal spreads
wi dely and usually renders the product unusable. If a first dislocation
forms in the crystalRsfubstansiailt cpnrerpl iasthe nrnadyetdent F mimsilsus

di sl ocations which spread out into the crystal. Therefore, if a

di sl ocat i arryseal gingwng byyshal Czeclrslskbedratesaeipotht, nelee waol e cross
section and a consi derable part of the already grown crystal my be

i nundatsed patdVefit SEoemit 066 ofh@sslbchibhdfi dbille, NBkNbBhBr deféctdN ~QXB
WO 0. 01 42243 PCT/ US99/ 29817 3 the growing crystal in a conpletely

di sl ocati gny f4 egrps@d e 1 S PEEW SEruREQEYCt | 9DsYLEh e BRY &Qﬁogghput wi Il be
substantially degraded. The initial stacking, or charging, o 5

ol ycryst i LLicon urce erkal J CLHC] . ltin
Phe?eo? Aﬁéﬂég?ékééﬁgd?gguéfyT o% éﬁeéé?§%¥%€yméglbgég%gggeéggfgg’typ?ca
ways that . defects are inadvertently introduced during charging, an
ol ¢ - down SR B e EA e PEEkRY EIVER S SoF ARG P Lo PORESY | | con,
10 and trappi ng of gas pockets. Damage to the crucible occurs when solid
silicon stiftenadt seratnrése atareIicnukipebinmmveanal dsffernences,

10 solid particles in the melt at the crystal growth interface,
gas bubbl%s trapped within the melt, and su{face tension
effects. Once generated, dislocations degrade the
uniformity of electrical characteristics and permit the
attachment of impurities. Voids or air pockets within the

15 crystal similarly disrupt continuity of the material.

Further aggravating the problem is that any
localized defect or dislocation in the crystal spreads
widely and usually renders the product unusable. If a first
dislocation forms in the crystal structure, it multiplies

20 and generates numerous dislocations which spread out into
the crystal. Therefore, if a dislocation-free growing
crystal is disturbed at one point, the whole cross section
and a considerable part of the already grown crystal may be

inundated with dislocations. Thus it is crucial to maintain



with quartZ that minimze reaction with the nolten silicon bath and thereby
avoid the introduction of inpurities. 15 Polycrystalline silicgr iﬁ rgﬁ&
material is usually supplied in irregularly shaped chunks of v i g e
havi ng edg¥e 00MaM3 may be snooth, blunt, or sharp. Wien the geios/Bsts
initially charged with chunk polycrystalline silicon, sharp or pointed
edges can gouge the quartz walls. Wien tBe 20 crucible is fully charged,
the weight of the | oad rests on the chunks along the bottomwalls, which
can scr at cFhgn@revWdRg IFryRials inesp complefr et disloaatine- f¥ee nsvaticor
shift under |oad. Particles of quartz typically flake off or break off from
damaged cr @thiekwiwesl,| pradiidtadldn iyiedd had thrbougHh 2063 VD 99/ 42243

PCT/ US99/ 29817 4 silicon source material. These particles becone fused

silica i npeubisicaatibal yf ldeafraged.he silicon nelt or attach to the
liquid/solid crystal growth interface, significantly increasing the

l'ikelihood of a dislegatijen thienmsRgcwinbi, o R refitRf alos As melting
proceeds, splashing may occur. Chunks along the botton1ne|t first, and

Subsequgnt%)ﬁl?tﬁl?%%ai%‘ﬁ% fi'lltcow bAkke R edie)mldeo 14 t{ﬂ?cﬂ?’?é 2 chunk

di stributi e cru0|b i's Chof _uni orn1 he™ ower  portion

10 polycrystalli sili and | eave_either "ha

unnel t ed ngbng5?gépgc "%FECPS ﬂﬁlFa§E%V§ eqﬁﬂq %ﬁ}dge"
of unnelted n?terlal brldgln bet ween_opposi ng si des of the crUC|bIe wal |
over the nBitl BReruined cha?%@ §kpifal oWaH5h5%§§rd6ﬁQQQSﬂﬁ¥%xﬂIapses,it
|5 may splatter nolten silicon on the crucible walls above the surface of

the nelt. hedvwertenbdy totzphuredrdurirgi cherdinggesnd meldrgsiwi éire eadi ng
to subsequent contam nation of the source nelt with quartz particles and
di sl ocat i oosroughhéanagst ab thgotru@2fbTbe maYabhéngr o€ lrcd tien aidrigesh wi t h
polycrystalline silicon chunks nay also |ead to trapping gas pockets in the
melt, pgmotied spapgengf o€r yskapbodréests. As
,Damage to the crucible occurs wheq solid silicon
strikes or scratches a wall. Crucibles have walls lined
with quartz that minimize reaction with the molten silicon
bath and thereby avoid the introduction of impurities.
15 Polycrystalline silicon source material is usually supplied
in irregularly shaped chunks of varying size having edges
that may be smooth, blunt, or sharp. When the crucible is
initially charged with chunk polycrystalline silicon, sharp
or pointed edges can gouge the quartz walls. When the
20 crucible is fully charged, the weight of the load rests on
the chunks along the bottom walls, which can scratch and
nick the walls, especially when the chunks are moved or

shift under load. Particles of quartz typically flake off

or break off from damaged crucible walls and fall into the



mel ting progresses nolten silicon flows fromthe edges toward the bottom
center of the crucible, gradually filling 04-1~-2000 US 0099298 0 ~r JUN
2003 5 the crucible with liquid. Ideally, the gas between chlrkdUN r20@3he
cruci bl e WORPER4 s typically an inert gas such as argon, i POTESMHRILIT
di spl aced by the liquid and stays above jhe liquid surface of the nelt.
However, when a relatively 5 large or flat chunk of solid siliconis

| ocat ed adj; . Ihe i bl Liente ener al | aral |l el

t he botto%lgg'%tB k‘a%%guﬁga%egel%?'tﬁ'gﬂ%%%néaﬁgégﬁ'ﬁ& ceg:% %‘{syoe‘fhe curved
bottom surface _of the.crucihle bui. rather is spaced fromthe surfac

pockets of* égacéﬁ‘pblé'lt%r’?fpﬂpg:d“al% %]e%%tqptﬁgecﬁ&ﬁr%c% melt oF Mgds.
Chunks or particles of solid silicon that are very small can aggravate the
probl em b§OcFB8t LAguwei/@#odisk CmEsteat 9wt hesarsarer sigmificanich gas
bubbl es becone trapped. Further, small chunks are slow to nelt because they
have greatBrreabangyshes ldkeflddwean eof Adbshopheioh fopmiagswisding snal |
granul ar silicon is disclosed in European Patent EP-A-0787836. Although

sonet i Besthascpypskealls rise to the top surface of the source nelt and are
expell ed at sone point during the nelt-down, often they stay in the nelt,

|l ater becom ng voi dag2Redk idly IUdds Wddl Ash DEgShAg Bcel¥St abh,ARA! -
Anot her factor contributing to the creation of trapped gas pockets is the

oroceed. GyRaal 1y TRUCRE BotEnrAL ook coes OullPAR BRLbETE e, |

proceed. nt ochra process,

silicon 25 apd stapilizing to.a thernmal i.libriumtenperature occur
AVENDED Sherobta50%s' Brd YRt I Hdne et bogs LELARE iSRS | he
sanme anbi ent pressures; typical |evels being 23 Torr absolute (standard sea

| evel at ntRPHEFHEIBL8sEr BOFs UdECKSr EhaHovRWeF  PeFt 50BRAI the eGlunke-

practice has a . .
10 polycrystalline silicon can melt away and leave either a

“*hanger” of unmelted material stuck to the crucible wall
) s
above the melt or a “bridge” of unmelted material bridging
between opposing sides of the crucible wall over the melt.
When the charge shifts or a hanger or bridge collapses, it
15 may splatter molten silicon on the crucible walls above the
surface of the melt. Thermal shock to splattered regions
damages the crucible, leading to subsequent contamination of
the source melt with guartz particles and dislocations in
the crystal ingot.
20 The way the crucible is charged with
polycrystalline silicon chunks may also lead to trapping gas
pockets in the melt, another source of crystal defects. As

melting progresses molten silicon flows from the edges

toward the bottom center of the crucible, gradually filling



dreskacdndd that any bubbl es of argon gas that beconme 5 trapped within_the
gé%?@?qg% t during nelt-down have no rel ative pressure inpetus durin S 0099298
stabilization to expand or nove to the surface of the nelt fbh JUN Qse.
Bubbles in the source nelt, both those ayﬁng the bottomwalls and those

that are suspended within the nelt, remai'n at a pressure 10~ equal to the

anbi ent gas,above t source .nelt, . an r rged to_the surface only by

nat ur al bu&?&ngﬁpc%g’i‘gué”é'tﬁh&%%e ﬁ%‘%%t}'vi&%u@?sbﬁsgﬂﬁgﬁ ﬁ&ﬂ?‘%‘@
insufficient to draw nany bubbles to the surface of the nelt for expulsion.
Gas bubbl o3y ERg RERFLDNE mufL.Clh P (HERECAHLLGI 83 REER GReasHClsag t he
crystal growth interface where they cause the formation of voids. Sumary
of the | nvergPon AsoRgrefy sdelacesbjlacthenbiqeddupsd stayReapoysethe

i nvention may be noted the provision of an inproved 20 process for form ng
a single cljguad surifece iofgdhe mehtsol iHoweveyi nghenzadrehahiyedt
polycrystalline silicon source material according to the Czochral sk

met hod; 5t héapgevsi dlasf chuetk ®fpramleist silicomrbsdlistatadi adjecesttaltie 0
4 JUN 2003 WO 001 42243 PCTNS99~29817 7 growt h and i nproved throughput; the
provi si on bbtsvahod phecesucifidie hedmienreayandralhyi parallelyshal

di sl ocations and air pockets in the ingot; the provision of such a process

that inhi bbbgteanBeethataacFlcithls ddesE tiee rehiink sddeé ohsedeohlie i @¢ Si on
of such a process which pronotes nore uniformnelting and inhibits

spl ashi ng iRet BariRlt bothenP s of e hePudPI9LeSBut Naht AR Aiszes
trappi ng of gas bubbles in the nelt; and the ptovision of such a process

that is ecega%aakrbﬁl eRRr 3tirFRcell JabIserét gfs PELEEBS Bhabpegpr esent
invention for formng a single crystal siliconingot fromsolid, varying

si zed ghunksnabROLKEr kBl ke nRl it GRN SREEEI 4B eEhhkceer fhRd ik elshe
Czochral ski nmet hod conprises classifying
of solid silicon that are very small can aggravate the
problem bylcreating void space beneath or bereen other
chunks in which gas bubbles become trapped. Further, small
chunks are slow to melt because they have greater relative
15 surface area. An example of a process using small, granular
silicon is disclosed in European Patent EP-A-0787836.
Although sometimes gas pockets rise to the top surface of
the source melt and are expelled at some point during the
melt-down, often they stay in the melt, later becoming voids
20 or air pockets within the single crystal ingot.
Another factor contributing to the creation of
trapped gas pockets is the equal relative ambient pressures
at which melting and stabilization proceed. Typically in

the Czochralski process, the steps of melting the silicon

25 and stabilizing to a thermal equilibrium temperature occur

AMENDED SHEET



each chunk of source material by size and placi ng chunks of 15 source
material into a crucible to forma stack in the crucible. The ﬂm¥§gﬁ
generally placed within at |east three regions of the cru0|ble t

pre-sel ecWOPOM2Br ding to the size classifications of the ®OOVKSSI2FME st ack
is nelted within the crucible in an inerf environnent 20 at an el evated
tenperature to forma source nelt, and then the tenperature of the crucible

and the souw c t.ar t bl . a ri l.eval

crystal gr%gwﬁlgg%e glﬁa eggbﬁs%%ﬁlggf' r%glélﬁlgjo "%931%1§d ron?%ﬁ% rce
mel t accogg%ng g EZEChra ski 0.4 JUN Zpp3 WO 0D/ 42243
PCTNS99/ 2 Q¥ 2BAGLHEE dehaptar aﬁacééye&f 2ER@=FReTdf PEERRURS o f or
formng a single crystal silicon ingot conprises:taking the step of nelting
t he stack HH0 sER¥EL- mallewp¥rrwhihést BEUaA aBrBEEUNGSPAACKISEeMESpBessur e
that is 5 greater than an anbient pressure when the step of stabilizing the
t enper at urdrawbackenn thhtr anpj bubblesdofeatrgoesgat thetpbesente i nvent i on
will be in part apparent and in part pointed out hereinafter. 10 Brief

Descri @ i airappédewDxAvhngReFEGurtei iedtsaakingaheVt ellowh Rateugicbl e
charged with varying sized chunks of polycrystalline silicon source

naterial_ﬂéra&&wglgréééaﬂgeﬁmpatésnaﬁeﬁﬁ t¥QhE§119£tEBﬁtt§e%§ R dpiACt i ce
of the prior art is a sectional view of a charged cru0|ble t he

chunks hayng. a, arkangerpllo 208 CRLEALEL! 90-TBOP.RCCOT dbDORt QST b] pracess

of the present 1nvention I's an elevational view o0 nks
having shapes 4 thound 60965:c 20 20 AL, ol 8ol BRLhQNBhoYbew Of two
that are suspended within the melt, remain at a pressure
10 equal to the ambient gas above the source melt, and .are
urged to the surface only by natural bgoyanqy. Because the
/
source melt is viscous, buoyancy may be insufficient to draw
many bubbles to the surface of the melt for expulsion. Gas
bubbles remain in the melt, and these bubbles often attach

15 at the crystal growth interface where they cause the

formation of wvoids.

Summary of the Invention

Among the several objects and features of the
present invention may be noted the provision of an improved
20 process for forming a single crystal silicon ingot from
solid, varying sized chunks of polycrystalline silicon
source material according to the Czochralski method; the

provision of such a process with zero dislocation crystal



0, ~r JUN ~p3 WD'00l 42243 PCT/ US99/ 29817 9 Correspondi ng reference
characters indicate corresponding parts throughout the viewsgaf jofeng

drawi ngs. Detail ed Description of the Preferred Enbodi nent Referring nowto
t he draw W§s0043213i n particular to 5 Fig. 2, a crucibl e conpgrrnispgpoges yi ng
si zed chunks 12 of polycrystalline silicon source material arranged and~
oriented according to the process of t hé present invention is indicated
general ly at 10. The pol ycrystalline chunks_ 12 of source material are

pl aced w BRPWER Gsr £FPERYEhILSrPNINPULe | Ehe RTSVAELrS 95 $Weh 3 uci bl e at
t he begi nning of the Czochral ski process. The systematic sel ection of

| ocat i on RE@cCE@sSisefhati beles prevenynformatiionhiof tcryshaicidislaeationme key
to the process of the present invention, as wll-.be described bel ow. 15

Pol ycryst ahldi mé rspbrckehssdnr themrdngoital thedpirbviilsd otz @thraalctkia process for
maki ng nonocrystal silicon ingots is provided fromsuppliers generally in

chunks 12pebcektf enbBginhidstandambareto S0viGEiRAEERNN ithd WRilAlly a
high purity silicon produced by suppliers using a Sienen's 20 process. In

that pgocegsmedo! | Enaogsegpxg&ahl beesdkhl sograegés %&lc?xggyrd?ﬁcﬁ:é?%x@ a

pyrol ytic deconpositio a gaseous sil1con conpoun ch as silane or a

chl orosil ape WO 0Dl 42243 .0.4, J, U H 2 3. PCT/ . JS99/ 29817 10 qn a
rod-shapeg,lﬁggpeﬂeggé? e?ngi éﬁ% %FsTﬁéfg?Bﬁﬁgtho§§F ﬁﬁﬁfﬁ nésm%e as
| arge as six feet IoEg ang three feet jn dianeter, are manually broken up
usi ng harREPYIPAPE RhufikSR12 PEPCERFphBAL TeRLBLFES| ATERRIEF HgTI2SThe
chunks 12 5 typically have a wide variety of sizes and shapes, ranging from
2 to 125 hybhiagt tRsthe @elby geanddrhenBroviisipnt e£650<chr anbriosedsss, and
can have edges that are randomy blunt, sharp, or pointed.

that is economical in operation.

10 In general, a process of the present invention for
forming a §ingle crystal silicon ingot £rom §olid, varying
sized chunks of polycrystalline silicon source material
according to the Czochralski method comprises classifying
each chunk of source material by size and placing chunks of

15 source material into a crucible to form a stack in the
crucible. The chunks are generally placed within at least
three regions of the crucible that are pre-selected
according to the size classifications of the chunks. The
stack is melted within the crucible in an inert environment

20 at an elevated temperature to form a source melt, and then
the temperature of the crucible and the source melt are
stabilized to an equilibrium level suitable for crystal
growth. The single crystal silicon ingot is pulled from the

source melt according to the Czochralski method.



Referring how to Fig. 1, a crucible having chunks 10 12 arranged in one
manner typical of that seen in practice of the prior art is bqgiﬁﬁgﬁﬁ
generally at 18. The arrangenent is sonewhat random as there hag no
syst enat i WOSARMB ng pl an or arrangenment. However, practiti guegsohbgn pl ace
| arge chunks 20 along the side 15 walls 22 and bottom 24 of the crucible 14
as seen in Fig. 1, with small chunks 26 &nd nedi um si zed chunks 28 random y
filling the remai ning regions of the crucible. All variety of sizes of
chunks 12, i ncl udi ngd™ i3TbAes APFnkd BYOCess ¢&r Fhenginesant are
included to be put in the crucible 14. 20 In addition, there is no specific
ori ent at i dmvgintgient doanyminks bhasimglepoorgbopt silddga shgotness. The
practice in the prior art of generally random stacking as in Fig. 1 can

| ead to fejomidieesoftakiyri ahdlisdiasadf anslt LigntBeagkiary oFhaouredged or
poi nt ed chunks 0 4 JUN ?pp3 WO 00/ 42243 PCT/ US99/ 29817 11 pl aced adj acent

to quart z nfaeesiiBhe whiide WHd T M1 HUHLOMR4%amBlefRS bk sdarRoenbhe is -
cruci ble 14. Further scratching or gouging can occur I'f the | oad of chunks

shiftsdurj I ' §§Qy e r LN agai nst the
quartzSS gr%%t\%gl IE:IS'IQ%Z glr gbqr%tq%g{r%g ) S@%&%&?i?&% smg%)s?ﬁl iquid flows to
a botton1c§n%§r.32nof ggt%ruckbkg 14.. qu orientation of the |arge chunks
20 bei ng 5 A ﬁ&ﬁ?§ B & alomfﬁlﬁa%ﬁﬁt%ﬁn %ﬁﬁ%g gaps between the fl at
bottons of chunks and,the curved botfom 24 of the crucible 14 since the 10
chunk does not coanFHFFoogﬁ@qﬁﬁﬂ%ﬂﬂ fsatuees ek Bhe. PYRECREps facilitate
the trapping of argon gas that is beneath r the large chunks as the liquid
ri ses. Fudniventiphewidal bestin pars cRpskeer8) ard sihipantapeisted butnel t
and may becone | odged between adj acent chunks, creating gaps that 15 are
occupi ed heraigaftgas and that may eventually becone voids in the crystal.
Hangers of unnelted material or bridges between opposing sides of the
crucible 14 may form

10 Brief Description of the Drawings

FIG. 1 is a sectional view of a crucible charged
with varying sized chunks of polycrystalline silicon source
material, the chunks arranged in a manner typical of that
seen in practice of the prior art;

15 FIG. 2 is a sectional view of a charged crucible,
the chunks having an arrangement and orientation made
according to the process of the present invention;

FIG. 3 is an elevational view of two chunks having
shapes with round edges; and

20 FIG. 4 is an elevational view of two chunks having

shapes with blunt points.



because thé random arrangenent of chunks 12 can result in uneven heat
distribution during nelting, potentially causing 20 splashesnw?ﬁgnthe
hanger or bridge breaks and falls into the nelt. In contrast, i bl e
10 char gevb em404xdi ng to the process of the present inventi parTiuBedrisg17 2

i nhibits splashing, crucible danage, and trapped gas. WD 001 42243 0 ~r
JUN 2(~3 PCT/ U599129817 12 The chunks 12 of polycrystalline silicon source
material are first classified by size. There are four sjze, categories:

| arge, nedium smal FOTRREPP PgLéFéE”EHHH%scﬁﬁF%ﬁEFE%a}%Q%%@F%ed by bei ng
approximately 88 to 125 mmin 5 |argest dinension. Medium chunks 28 range
from 50 teoBBesRPRAiNgr Bast sdithxesiohoutaritdie malews hkehesdrawindsto 50 mMm
in |argest dinmension. Fine chunks 30 include small particles of silicon and
are less than 6 mmin |argest dinension. Cassifications are made by

di mensi onal neasurenent of each 10 chunk manual |y, or by a conputer system
havi ng an i mage anal yzer capability to anal yze two-di nensi onal i mges .of i
chunks. All chunks and particles classified as "fine" size 30 are

di scar deche i TR HODLH: pEh BRI ¥ £Sk7Rd pehUkS AN Gl SafdA(C! es 30 create

gaps bet ween Ot her chunksS an etween ot her chunks and crucible walls into
whi ch gas may be tr . i LL.o fi . ) . e difficult to
melt than |arger ch%%ﬁs?r{dﬁg rﬁggufg?eQSFe%rﬁgﬁ%ﬁ&%ful?{egb%g%r@r%{/.1%2]0
Next, chunks of sourcelnateriaL are Qjaced into the . cr ci%bg 4 to form
a stack 189 THe churiECiBle, EOBFaLBY N VRSY IS ithie fCht“Hg‘Scr iHi e that
are pre-selected according to the size classifications of the chunks. An
polycrystalline sSilicon source material arranged and

oriented according to the process of the present invention
is indicated generally at 10. The polycrystalline chunks 12
of source Taterial are placed within a quartz crucible 14 to

10 form a stack 16 in the crucible at the beginning of the
Czochralski process. The systematic selection of location
and orientation of the churnks 12 within the crucible 14 is
one key to the process of the present invention, as will be
described below.

15 Polycrystalline silicon source material used in
the Czochralski process for making monocrystal silicon
ingots is provided from suppliers generally in chunks 12 of
differing sizes and shapes. Source material is typically a
high purity silicon produced by suppliers using a Siemen’'s

20 process. In that process, solid polycrystalline silicon
rods, or logs, are made by a pyrolytic decomposition of a

gaseous silicon compound, such as silane or a chlorosilane,



arrangenent is defined that provides a generally uniform o ~ ~uH,~ WO
00/ 42243 13 PCT/ US991 29817 heat distribution and steady nelt-%g fl ow
characteristics to avoid cruci bl e danage or splashes. A firsp g@ﬂdﬁn

i ncl udi ngwide/agdst om 24 and side walls 22 of the crucible %14'/?595}25@9 wth
| arge chunks 20. 5 At these locations, the large chunks 20 wl| be the-~

first chunks to begin nelting and w || nft be in a position where they
mght fall into the nelt creating a splash. Small chunks 26 are laid
t

gener al | y 9Th & & 0FaPeHi ohepEes: egarker didamensort To§ SroetcdRadl e 14
above the | arge chunks 20, 10 because that |ocation receives the heat

ener gy neaduicch onael besaal Larbenks sibsfesti donyg asdquibciekey f2et time | arge
and medi um chunks. Medi um chunks 28 are placed generally in a third region
| ocat ed i Miidneteridl @rabmaautb2ysbebkenhupk asiigahdmivetweentiohehunkee
chunks 20 lining the walls. If there 15 are nore nedi um si zed chunks 28

than will 1fd tedh dipeeacecsf ubBesr edi 88a1theBagddi trppaknpdisuApchunks may
be placed near the crucible side walls 22 on top, above the |arge chunks

20, abgve Raloulalipdy gy gk s0eyvasi gLyl B GBaLOCandNERBALUMGhYSES 28 O

top are orrente t er, nore narrow or poln Si des t he
cruci bl e side l1ls but . not, t ouchi n he wal]ls. As the chunks eat h
thenlnelt%EFﬂb%ﬁéﬁfdﬁ%%hﬂﬁi%lﬁﬁFﬁffl1Phgr%?ngskaﬁfm?ﬂ§bopheuﬁeF9 %gge
gently, towards their heavigr si des opposite the Q 4 JUN 203 WD 04142243

PCT/ US991 938 il MATDHneRNPoFal la¥e deddesntneheakdunRBAatY RoinEont act

or stick to crucible side walls 22.
sharp, or pointed.

Referring now to Fig. 1, a crucible having chunks
10 12 arranged in one manner typical of that seen in practice
of the prior art is indicated generally at 18. The
) .
arrangement is somewhat random as there has been no
systematic stacking plan or arrangement. However,
practitioners often place large chunks 20 along the side
15 walls 22 and bottom 24 of the crucible 14 as seen in Fig. 1,
with small chunks 26 and medium sized chunks 28 randomly
filling the remaining regions of the crucible. All variety
of sizes of chunks 12, including finely-sized chunks 30, the
very smallest, are iﬁcluded to be put in the crucible 14.
20 In addition, there is no specific orientgtion given to any
chunks based upon shape or edge sharpness.
The practice in the prior art of generally random

stacking as in Fig. 1 can lead to formation of crystal

dislocations. Upon stacking, sharp-edged or pointed chunks



Sone of the chunks 12 are placed within regions of the crucible 14 that are
pre-sel ected according to both the 5 size classification. and a
classification according to an edge shape of the chunk. Spedif iJunljgg the
bot t om 24vQ0M2¥3cruci ble 14 is lined with | arge chunks 20pbBuissgpogeneral |y
bl unt points 36, while the side walls 22 of the crucible are lined with

| ar ge chunks 20 having generally round éhges 38. 10 Shape cl assifications
are made visual]y. Referring nowto Fig., 3, round edges 38 on chunks 40 are
gener al | ypé?Fieﬁdraiddzﬁqe;Ptc&Q/éﬂl%‘%?pe%W%aW]r?g Fidamalls 3% PabFPmof
curvature as conpared to the overall sizes of the chunks. Referring to Fig.
4, blunt P8i FE8 B@sddycKaniegei the e iduieerld | y Riibhean aqpatichingroncat ed
triangul ar prismshapes. C assifications require-a judgnment as to whether a
chunk' s sapging mare oocard \i fapgreoxlicest exf lwhumks witidited diectrmonguéht - prism
i ke the blunt points 36 of chunks 42 in Fig. 4, or by the curved surface
of a cyliadeh, drsgdihe @y MR 3o OhdaMKagiddt M uat@zge

chunks 20 simlar to chunks 40 with round edges 38 can tend to trap gas on

a | owe es%ii&e R2gauseot B bRRon 3di US Af +HY WahlUlROindig Chunk,i greater

than t ocal radius of curvature of the crucible bottom Z4. e chunk
therefore I 0 Ol PCT/ /29817 conforns to
t he bottoﬁ$§§% éﬁdatgé&égyoégﬁggggéghééﬁéégbﬁlacy?%% é%dce&ig%cations whi |l e

form ng a_ga Ee ween the. chynk and.the bottom,in between.the.spaced
| ocat i ons‘?g?‘%n 8&11"?559% gpﬁn AFSen &Y u%l?s% el §PTES n%&% avoid 5
| arge flat_surfaces on the_blunt-point side of the chunk that could trap
gas. Bl ur*loR@ntBg PRERRE &8*¥ES| g3psabeiweent khecLdathbotiEemom4 t han
round- edged chunks, and they better conformlocally to the curved contour
of the bothwumksfanfetbeucibvedldottomAg4seénthe Ergciblet Adseilnmegatmhunks
20 in the region lining the bottom 24 and side walls 22 are further
10 chunk does not conform to the contour of the crucible. The
gaps facil}tate the trapping of argon gas that is beneath
the large chunks as the liquid rises. Further, the
smallest, fine chunks 30 of silicon are slow to melt and may
become lodged between adjacent éhunks, creating gaps that
15 are occupied by argon gas and that may eventually become
voids in the crystal. Hangers of unmelted material or
bridges between opposing sides of the crucible 14 may form
because the random arrangement of chunks 12 can result in
uneven heat distribution during melting, potentially causing
20 splashes when the hanger or bridge breaks and falls into the
melt.
In contrast, the crucible 10 charged according to

the process of the present invention in Fig. 2 inhibits

splashing, crucible damage, and trapped gas.



subdi vided into an inner, center region having a generally circul ar shape
of dianmeter 44 and an outer region. The large chunks 20 in #he ater
region are placed with their 15 longitudinal axis in a gene élf@f Wtica
ori ent at MAOY#R# t heir bl unted points 36 down. The orient aPCDASPIB8ILdeS
any trappi ng of gas pockets beneath the chunk as nelting progresses, while
avoi di ng damage to crucible walls. The ¥ unt points 36 cover a
substantially smaller portion of the 20 crucible wall glong the bottom 24
than the randonly §ﬁ%%e%h%ﬂ5%sl%f°2h8°&¥F§XSGﬁ£i&?%H? 1G9 $PHREFCart in
Fig. 1, so that there is decreased area for gas bubbles. The_ blunt points
36 bet t erMRepFirin 2%e thbrsh Flagsifpednbyofigent a@thesa e ek sgelanage
t han edges of other shapes. The 04J UN2p@B WO 00/42243 PCT/ US99/ 29817
16 cent ercaegaries: waxde | ang@divhunkmall, anadofiimet.ed langd qloinits doown
extends in a circle having the dianeter 44 being about 1.5 tines the

di amet er anfe tdieardotsdrd zedgoy being gppdoreRatiels. sfgoica 1200 nn i anet-er
crystal, large chunks 5 are oriented point down wthin about a 300 nm

di aneteer 1GoRddal diirilon CONNERL hRNcRUAKENS 8 %‘ﬁg%lr ¢alpfl o (W pd gy SOUr Cce

melt as a result of both the rotation of the crucible 14 and tenperature

t o 8 . : | .
R e e R e LT W et

t he center_region,.are consi derabl tronger tha rren ithin.it. G
pockets WitTch :’fr gWeW@&s'Le%éﬁ%y‘?%r‘%sg Qmi@cgﬁ%gi ﬁg‘aﬁrﬁ' Y#&‘T‘Etlc}é:rjrlte«?r r ezi on

of ten become caught within the currents and are expelled fromthe nelt.
Because &hAdiicon &R @R lesartdiarakenmi int hargerteAiregisd®n -chunks
| ocated there are oriented vertically to avoid the initial formation of gas
pocket s. ONessidligaitdone are plaatedwidimens henal unebserementard ieachaken to
ensure any inpact damage or scratching of 20 the quartz walls is avoi ded by
gent 1y | ayiunk taewailly, or by a computer system having an image
analyzer capability to analyze two-dimensional images of
/
chunks.
All chunks and particles classified as “fine” size
30 are discarded. As mentioned, finely sized chunks and
15 particles 30 create gaps between other chunks and between
other chunks and crucible walls into which gas may be
trapped. In addition, fine chunks 30 are more difficult to
melt than larger chunks, and require greater expenditures of
energy.
20 Next, chunks 12 of source material are placed into
the crucible 14 to form a stack 16. The chunks 12 are
placed within regions of the crucible that are pre-selected

according to the size classifications of the chunks. An

arrangement is defined that provides a generally uniform



position. Al

poi nted or sharp edges on chunks 12 are carefully placed so

as to face away fromcrucible walls, to prevent scratches as?)%hgmgwks
shift position during neltdown. WO 00142243 17 p ~4 JUN 20

PCT/ US99wo3847248)pon conpl etion of the placing of chunks i rgernidve6d1ici bl e,

t he process continues generally according the Czochral ski nmethod of the
prior art, whereby the stack 16 is neltldd in an inert environnent to forma

source nelt, t

he 5 tenperature is stabilized to an equilibriumlevel

sui t abl e Heat ctishribug i rndngteadinged tedpemalflsivw icdmragtetistsiqal | ed
fromthe source nelt. Another aspect of the process of the present

I nventi orta savdiatl drie-iihlen ddmagetongsphesheack, at | east to 10 the tine
when nelt covers the bottomof the crucible 14, i.s taken while the crucible

has an anbi ent
step of stabil

pregsuEerdthated o’ £AEBNALAGNLAR HOULAIM 2 eeRIL dehen the
i zing the tenperature is taken. The greater pressure

el i m nat g 1935 HURH ehd hatudays Per 4 appednig {Hersqy W 20

Speci fically,

%?é .
the step of melt-down is carried out at an ambl ent pressure

about Jouyr. ti t [.i.ng abjlization., For .instance, .if the step of
terrpersfat u%‘rtettsht% Illr&%taattldit)éﬁml 's %ﬁ%%aéldgéocg%%lﬁﬁ 29 y&ﬁo = Y er’fqﬁa%ti ng 20
S conduc;ed at an_anbji ent pressure_of 80 Torr, Any Argon ,bubbl es that

becone t
above the nelt

For BRI MeIinE iRt BiiBonebrPe WRed ROSLEACTNEELE: o

I's reduced at the beginning of the tenperature stabilization

phase, tk8eyemdahfelfrldi digo e sigkt cereqkbingappseloshbl eSmeddat es an
04-'~2-2000 US 009929f D 4 JUN ~
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20

chunks 26 are laid generally in a second region located in a
middle portion of the crucible 14 above the large chunks 20,
because that location receives the heat energy needed to
melt small chunks substantially as quickly asg the large and
medium chunks. Medium chunks 28 are placed generally in a
third region located in the middle above the small chunks 26
and between the large chunks 20 lining the walls. If there
are more medium sized chunks 28 than will fit in the space
of the region, then additional medium chunks may be placed
near the crucible side walls 22 on top, above the large
chunks 20, above a calculated melt-line 34 of the charge.
The medium chunks 28 on top are oriented with smaller, more
narrow or pointed sides toward the crucible side walls 22,
but not touching the walls. As the chunks beneath them
melt, the medium chunks 28 will therefore fall into the melt

more gently, towards their heavier sides opposite the



18 inpetus to expand in volunme. Larger bubbles are nore unstable and have
greater buoyancy; therefore they are nore likely to collapse or overcone
viscous forces in the nelt and rise to the surface for expul §i,0dURr200% t he

nmelt. 5 ywoook@wmzof the above, it will be seen that the sevghgyssaBbfgts of
the invention are achieved and ot her advantageous results obtal ned. -
AVENDED SHEET 0 4 JUN ~ 19 WHAT IS CLMMED IS: 1. A process for formng a
single crystal silicon ingot fromsolid, varying sized chunks of

pol ycr ystraltraowesipoimredoaidesyakaed sheachmnitisngifld o softedt drski

met hod, conprising: classifying each chunk of source material by size,

wher ei N gg sk chayiblDeassdeewk@ss bhan 6 nmin | argest di nension are

di scarded; placing chunks of source material intto a crucible to forma

tack in th [ t I be I it I t
stack in the cruci BgnetHe EHBPI’:ﬁu%ﬁBeié L¥e ‘E:*.lﬁlgeﬁ gﬁ%ﬂﬂ“l‘ ?I%:g‘%g@a{sooﬁz

three regions of the to crucible that are pre-sel ect acco

size clasgjfi i t h S, i id three._regio r rranged
in a nan%ggté¥gﬁé§géﬁg%.%@%grg?éypﬁﬁ? é?ﬁ?ﬁ%gtgSFgfgfggt?Snggﬁg gp%hdy
nelt-down fl ow._characterisitics; nel ing,%he stack within the crucible in
an inert S§&& &hA E1eraAngl 8vGtedSiEAfariPhr 8CFE AP £°s88r ce nelt:
is stabilizing the tenperature of the crucible and the source nelt to an
equi | i br EG@E Shapss At dre ¢BrnkrysBRecyfddrhliyanghpubprigmt Ré ofnghe
crystal silicon ingot fromthe source nelt according to the Czochral sk

met hod. cr@cihligN12003 20i2ed AwptbckasgaschenkEol 0 hhamingagenérahéyei n t he
step of placing chunks of source material into the crucible conprises
pl aci ng Bluhtagioiswie 3unkisilet bhe sbde onalds 2hecErthebteuthbleasate
pre-sel ected according to both the size c~.assifications of the chunks and
a classifipald Q1 tACAMYNLHEONREPE RivedgeseREri DBy ChYBKS: edges 38.
10 Shape classifications are made visually. Referring now to
Fig. 3, roqnd edges 38 on chunks 40 are generally
cylindrically curved shapes having relatively large radii of
curvature as compared to the éverall sizes of the chunks.
Referring to Fig. 4, blunt pointé 36 on chunks 42 are
15 generally characterized as truncated triangular prism
| shapes. Classifications require a judgment as to whether a
chunk’s shape is more nearly approximated by a truncated
rectangular prism, like the blunt points 36 of chunks 42 in
Fig. 4, or by the cﬁrved surface of a cylinder, like the
20 round edges 38 of chunks 40 in Fig. 3. Large chunks 20
similar to chunks 40 with round edges 38 can tend to trap
gas on a lower side, because the local radius of curvature

of the chunk is greater than the local radius of curvature

of the crucible bottom 24. The chunk therefore poorly



3. A proceSs as' set forth in claim1 wherein the step of placing chunks of
source material into the crucible further conprises situating at |east sone
of the chunks in orientations relative to the crucible that amge JUN 2003

pre- sel ecwaolofrezzgsl upon the shapes of the chunks. 4. A proGggsgugessely forth
in claiml wherein the step of classifying each chunk of source material™ by

size further conprises separating the clHinks into three groups of snall

medi um and | arge chunks, wherein the small chunks are characterized by
rangi ng f aanftmmoxieatbeybettomsn4 mmand tendestodengageohhenbdibamchtinks
from50 to 88 mmin |argest dinmension, and | arge chunks from88 to 125 nm
in |argesttwt rmesia. locatimocelssl @stsehihgr ahgap eéeweed vher ehunkhe step
of placing chunks of source material into the crucible 04-12-2000 US
0099298 0 ahd) UNe? Mk 2dm f U L B wEONPERS ESp DEAE T TEcA L GRs Chupks within a
region generally along a bottom and sides of the crucible, small chunks
wthin a reg n L 0 a-~m rtd e Crici b t he
o ge chuse iy T pe ot PRy SRS (O hiRiEl 22 avard

'y 5in the i ddi tion of t i bl e_aboye t .l chunks. 6.
A pr ocBss LAFIELE IR (TERET %, IR 3 LRI ROt ST cePnGeRRURk o

source material into the crucible further conprises situating the chunks

al ong a b&PEEMCOMUhE @RGP e iBLURE RIEHISR | THIHS FAVSF HBSHATR20f any
chunk 5 facing downwardly, and situating the chunks al ong sides of the

cruci bl e P& 5gleouqrm1éﬂi%rb%qqm A riitan egjayd vidgad) Gnumiks f aihgERary from
the sides. 7. A process as set forth in claim1l wherein the step of nelting
t he st ackbesteakeonfludme ldwm ldnuddithehasuareddumrdupre sihe Ydtatom s
greater than an anbi ent pressure when the step of stabilizing the

t enper at ub€ thet ek@rriAMENRED SHEET O ~r JUN 2003 22 8. A process for
formng a single crystal silicon ingot fromsolid, varying sized chunks of

polyciystal line siliacOnsaurice piyf.erd ale RAePndiAe hthis FPo ARk
met hod, conpri sing:
region lin;ng the bottom 24 and side walls 22 are further
subdivided into an inner, center region having a generally
circular shape of diameter 44 and an outer region. The
large chunks 20 in the center region are placed with their
15 1longitudinal axis in a generally vertical orientation with
their blunted points 36 down. The orientation precludes any
trapping of gas pockets beneath the chunk as melting
progresses, while avoiding damage to crucible walls. The
blunt points 36 cover a substantially smaller portion of the
20 crucible wall along the bottom 24 than the randomly shaped
edges of the large chunks 20 of the prior art in Fig. 1, so
that there is decreased area for gas bubbles. The blunt

points 36 better conform to the wall at a point of contact

without causing damage than edges of other shapes. The



cl assifying each chunk of source material by size, discarding the snmall est
s chunks, and separating remaining chunks into three groups of snall

medi um and | arge chunks, placing the chunks of source nat 3r‘i AN W% a
cruci bl e WOP8M2MBy within at |east three regions of the crurdtusssrbsty are
pre-sel ected according to the size classifications of the chunks to forma
stack in the crucible, wherein the smal6io chunks are characterized by
ranging from6 to 50 nmin | argest di nmension, nmedium chunks from50 to 88
mmin | ar §8BEedi FREiPBninaWBirhr darepusiksinksoRBane ankereednblungest

di mension; nelting the stack within the crucible in an inert environnment at
an el evatpdintngewnt exeendsf tnnracsvolechanling ithestdimmézéng4thbeing
tenperature of the crucible and the source nelt ‘to an equilibriumlevel

sui t abl e dboucryssatigeswthe dbdmptieki 6 the si@talcritsdsd Béihgon ingot
fromthe source nelt according to the Czochral ski nethod, wherein the step
of neltingrédiecsdack.&és fakea 2bol Amt AeameberblbeRa%n1an 120-sabégphKkEr essure
that is greater than an anbi ent pressure when the step of stabilizing the

tenper at U £e i Sri&keda ogﬁt136390 igﬁiHSaBg%%ZQBBb% n?#ﬁgﬁ%%@e?' A process

as set forth in clarm ereln the step of placing chu source

material into the crucigl e %urther.co ri sestgl aci n% | ar edchu ks thin a
regi on geREPET Ty BFDRTPA: borPBKT antPRi GRETGREENETEr TEHIRTES M PIR ThGinks
within a region generally in a mddle portion of the crucible above the
| ar ge chtﬁﬂég‘%ﬂ’ IR § RS ot ¥R L Bl neaFintBRURREARLER @ fa theyi gk al | y
in the mddle portion of the crucible above the small chunks. AVMENDED SHEET
A {3. AUR A2 tempetrafur A 18t s Al an@3she se AChirAenE!s) Ha3reblag. AUL. A&
"R AS! 39. Ase. AyL* (BBC X
G ~yt 0] e ddithe ] : s itTert] & o rodh | roin} e adwatca] mal ca] cakc aheajesdrc adesaj cal cal
ca] ca] ca] ca] ca]ca]c”™a] cal calU calcaUcaUca! "BEwW [ { &R<r (
10 in practice that convection currents outside of the center
region are ’considerably stronger than current,s within it.
Gas pockets which are trapped beneath large chunks outside
of the center region often become caught within the currents
and are expelled from the melt. Because convection currents
15 are weaker in the center region, chunks located there are
oriented vertically to avoid the initial formation of gas
pockets.
When chunks 12 are placed within the crucible 14,
care is taken to ensure any impact damage or scratching of
20 the quartz walls is avoided by gently laying them in
position. All pointed or sharp edges on chunks 12 are
carefully placed so as to face away from crucible walls, to

prevent scratches as the chunks shift position during

meltdown.
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Torr. When ambient pressure above the melt is reduced at

the beginning of the temperature stabilization phase, the

relatively higher pressure of the trapped bubbles creates an
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advantageous results obtained.
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10! | s&#10988¢& () Placing chunks of source material into a crucible to form a stack in the

crucible, the chunks generally being placed within at least three regions of the
10  crucible that are pre-selected according to the size classifications of the chunks;
wherein said three regions are arranged in a manner to provide a
generally uniform heat distribution and steady melt-down flow characterisitics;
melting the stack within the crucible in an inert gas environment at an
elevated temperature to form a source melt;
15 stabilizing the temperature of the crucible and the source melt to an
equilibrium level suitable for crystal growth; and
pulling the single crystal silicon ingot from the source melt according to

the Czochralski method.
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further comprises situating at least some of the chunks in

orientations relative to the crucible that are pre-selected

based upon the shapes of the chunks.

4. A process as set forth in claim 1 wherein the step of classifying
each chunk of source material by size further comprises separating the chunks
into three groups of small, medium, and large chunks, wherein the small
chunks are characterized by ranging from approximately 6 to 50 mm in largest
dimension, medium chunks from 50 to 88 mm in largest dimension, and large

chunks from 88 to 125 mm in largest dimension.

5. A process as set forth in claim 4 wherein the step

of placing chunks of source material into the crucible
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of placing chunks of source material into the crucible

further comprises situating the chunks along a bottom of the
crucible in an orientation with a blunt point of any chunk

5 facing dOW9ward1y, and situating the chunks ?long sides of
the crucible in an orientation with pointed edges of any

chunk facing away from the sides.

7. A process as set forth in claim 1 wherein the step
of melting the stack is taken while the crucible has an
ambient pressure that is greater than an ambient pressure

when the step of stabilizing the temperature is taken.

AMENDED SHEET
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classifying each chunk of source material by size, discarding the smallest

5 chunks, and separating remaining chunks into three groups of small, medium,
and large chunks,
placing the chunks of source material into a crucible generally within at
least three regions of the crucible that are pre-selected according to the size
classifications of the chunks to form a stack in the crucible, wherein the small
10  chunks are characterized by ranging from 6 to 50 mm in largest dimension,
medium chunks from 50 to 88 mm in largest dimension, and large chunks from
88 to 125 mm in largest dimension;
melting the stack within the crucible in an inert environment at an
elevated temperature to form a source melt;
15 stabilizing the temperature of the crucible and the source melt to an
equilibrium level suitable for crystal growth; and
pulling the single crystal silicon ingot from the source melt according to
‘the Czochralski method,
wherein the step of melting the stack is taken while the crucible has an
20 ambient pressure that is greater than an ambient pressure when the step of

stabilizing the temperature is taken.
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5 chunks within a region generally in a middle portion of the
crucible above the large chunks along the bottom, and medium
chunks within a region generally in the middle portion of

the crucible above the small chunks.
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