for pul l'in i1icon crystal and production nethod therefor
TECHNI CAL sent i nvention relates to a quartz glass crucible
for use in puIPﬁﬁ@Pup S|ngle silicon crystal that is used in producing
sem conductors, and to a production nethod therefor. BACKGROUND OF ART

Hi t herto, ochralsji (CZ) nmethod is widely enployed as the
productioﬁmﬂm@ﬂmwm@wmrsingle SPELEBACBEYSNal s. The CZ net hod conpri ses
nmelting p Ine silicon in a crucible nmade of quartz gl ass,

I Mmersing a sé@%scrystal of single silicon crystal into the silicon nelt,
gradual |y pul l'i ngramzt e geend rvENmaionnhi | e rotating the crucible, and

t her eby gromnng the_single silicon crystal fromthe seed crystal as core.
The si ngl eQ¥A¥SLal gi—ﬂﬁ? israg bR ed I 3ildieZ nBPhoBHbRI #IHeIn hi gh

purity ang. I;héﬁ Jgéﬁ%ﬁiéglﬁgiﬂ Qntﬂ@igf at high yield; as the quartz

gl ass CFUCIb e e produ I on, enp oyed Is a doubl e-structured
gquartz gl ass cru0|ble conprising an inner |layer free frompores and an
opaque outer |layer containing pores. Wth recent tendency of consum ng

| onger time for FHENéﬁéﬁaFFE%Dbf pul ling up single silicon crystals with

I ncreasing d t I n I I | s, quart S C pbles with
hi gher pur|t$H§$eSES§EP?edQB§e§%lSS Fgl%%%% ngée%t ébgf%%hnts E;:ewe
proposedcauclible for use in pulling up single silicon crystal

; WKe3ee bA6Fﬁ@F‘mi‘uPE I FI CATION TITLE OF THE | NVENTI ON Quartz gl ass crucible

that 1is wused 1in producing semiconductors, and to a

production method therefor.

BACKGROUND QF ART

Hitherto, so-called Czochralsji (CZ) method is widely
employed as the production method for single silicon
crystals. The CZ method comprises melting poly-

crystalline silicon in a crucible made of quartz glass,
immersing a seed crystal of single silicon crystal into
the silicon melt, gradually pulling up the seed crystal
while rotating the crucible, and thereby growing the
single silicon crystal from the seed crystal as core. The
single crystal that is produced in said CZ method should
be of high purity and capable of producing silicon wafers
at high yield; as the quartz glass crucible for use in
the production, employed is a double-structured gquartz
glass crucible comprising an inner layer free from pores
and an opaque outer layer containing pores.

With recent tendency of consuming longer time for the
operation of pulling up single silicon crystals with
increasing diameter of single silicon crystals, quartz
glass crucibles with higher purity are required.

Accordingly, the present applicants have proposed a
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quartz gl ass cruci ble having a double structure conprising a transparent
~inner layer and an opaque outer layer, in which the inner |ayer is forned
with synthetic silica grain (for instance, Patent No. 2811290 and Pat ent

No. 2933404, etc.). A quartz glass crucible having an inner |ayer nade from
synthetic quartz glass grain is advantageous in that it is extrenmely lowin

inpurity content, suffers very | ow generation of surface roughening or

cri st obalF4& thot FIAPS he SERFEP 18ur f BEELAGr i ny pHIHEL up SHFFEIRS 1 i con
crystals, &g@pj per at. P i ng kngre ield of
pul i ng ucp ngﬁn(%réls?g}aggp%\%g@erl?ﬂ%rﬁ clar%ee%fgnrreél tglhn%%%?lu)t?gfoy%#f al l'ine
silicon, Mdyer cobpawhdchi thecrinridd ekayemreid r Sormatiuwdlthquarttheiass, the

cruci bl es above having inner |ayers nade of synthetic uartngI ass tends to
cause osAH}ER3 GHEDHR t HEOSUFPRERNGE t RBERBEL NOF n28adeidfuiead Faf&htsur f ace
osci |1 aliy | 8955204eNtdee OhSEr Yedridl LNeghBLLT A RUIL1L1OnUR1AEAYGES Such as
nucl eation, formation of shoul ders; an fgrmer stages o proé]u ing single
crystal hothempailbyeandnade difsatyasyaghetisci mudmiz | glhewvergrpinducti vity,
due to increased tinme for nucleation, the generation of disordering in the
cryst al s AAATEIRPIEE et | RBati .t |, iheoISTERPLED HeVt -WhcK™PiTd the | ke.
|n the | iy e SUCRGIfGUTS! 9REGS, 10F PresRiladfyent §s have diposed a
mul ti-layer structured crucible having an opaque synthetic quartz gl ass

i nt er nediratweyHeayierg | brer poistiobal ween spdtrsansparem¢ | imesr | syperf aede of
synthetic quartz glass and an opaque bulk | ayer made of natural _quartz

gl ass (J&EIE%e BHEMLai BPopéiiNde 2004: 945 Y fbRkSer , efiohdes
multi-Ia rs u ugihle u; e ns; et.i LNyl nel arge
quant i 11 SpeT i R  R a aAR E  Trae PR R

expensi veullinghep isghiglef drdyestafle.enenti oned circunstances, the present

i nventors have extensively conducted studies, and as_.a result, it has been

found that tHEYEVPFacd™vithsR i Bh JeidrdePIlthestatiine & 1dRENs | con
melt is gehl ygsﬁbakgépmil.{ht*&%dal%qress%ase o Mot ONGuane,l part,

and that the yield o Ing up single crystals 1s signi tly related
wi t h t hegilaser, stind aceucfibiles boivdwen pavtingFurnresr mMbagerby mesdergodiat ur al
gquartz glass or ,a m xture of natural and synthetic | uaqrzéf&rgl asses for a

speci fi e§YPERGELGT THREF heftadr FeBASt 8 Soi bPR £RSt is used
for pull'5ngrdResSi RE € +3Hd | Q@l@.rYStaié,O}?ér@f‘éuP&fP foupd thatrhhe

generation of vibration on the surface the silicon nelt can be

suppr essedcididdttioat iist fareshieas lyorapsstiated i zedtiopeinitbalupumdginbe
cruci bl e while suppressing the egen_erati n of surfgﬁe rougheni ng and
cri st obalPt 8968 SHFH RS i MR C XA he of VPN PR ki BRRUEFEF Br nPRY a

speci fi edor-aRae stfaddie dNNSFobdYBhgi BihBteVicthRith Hodepdptt ognpart of
the crucible with synthetic quartz glasS. The present i'nvention has been

acconpl i $hedibasyandagelbase ifn rdiatysi enawé gy produeigivbtpf diagte silicon
crystal at _hi gh ield. Mor }peci fi ;al % An Otg'i ect of th%.pr esen

i nventi on™F§® 8eér oVt a %L? rt z"gFas8 ePlci bI'e TapdEETSEASR 1 i ﬂé up
singl e shlibeeReeiygt aln St YcaysBhoB, Yicluh g SkepmeITiing ,t he. generation
of vibration on the surface of silicon nelt, wthout generating surface

r ougheni hjeaf@®©dldieshare tte-kait s andt fdej drdie.sur facdhsf kightrofi bl e even
resent i.nvention is éoaprovi de

fgr Iongsgggr%gk ﬂmsﬁgk%ggn %Wéﬂﬁrége&é“i velitors have propose
multi-layer structured crucible having an opaque
synthetic quartz glass intermediate layer interposed
between a transparent inner layer made of synthetic
quartz glass and an opaque bulk layer made of natural
quartz glass (Japanese Patent Laid-Open No. 2001-348294).
However, since multi-layer structured crucible uses

expensive synthetic grain in large <quantities, it
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a nmethod for producing the quartz glass crucible above. D SCLOSURE OF THE
- INVENTION In order to achieve the objects above, the present invention
relates to a quartz glass crucible for pulling up single silicon crystal
conprising a cruci ble base body having a bottom part and a strai ght shell
part with an inner layer provided to the inner surface thereof, in which

the quart ass._cruci bl e characterized that said,inner |ayer
conpri sess“hig’ls %et Pc q%la??ci"@‘?‘é\%%el afer o?ug? é%%at pito F97H of
0.25H, a éﬁ@iveg_uartz gl ass layer or a m xed quartz gI ass | ayer of
natural quartz glass and synthetic quartz gl ass extended over a range of

from at | easttn0.thid th’L@htBpr atmleoaéoseinentédnédonﬁacsmsttlaelciets Qudre z gl ass
| ayer, a natural guartz ss | aye and gym xe uartz %ass | ayer of

natural SFFI{H TS Y ?t aﬁ?aé§t?8?li’ﬁ rﬁg’f’ YF LEAe SEIFEESrayf@e  wherein
H reDreS@dESatfl@s@P&?hitfﬁQén b8en! e¥RAL 'EHQtOfth[eh%ul%‘%tatc% g,r,_latt Qrf he upper

end plane of the shell part wth respect to the crucible bo Bri ef
Descri ptiggmexfattdie Gnawihegsskrfacd siovshe sthéoahi cmllty ﬂsamecprl(yss
section view of the ﬂuartz g] ass cruci bl e of the present |nvent|on Fig. 2

is a sch&ftdtedr ¥dithy bREant Mitfar SWLAE BEodtlRt ng Ihirdht gked ler uci bl e
of the present drfa/etmé@nthe g’ffél&/bgﬁ f)ﬁ)ilgﬁﬁrMbnglﬁﬁtlea@rk/@\éﬁrl%' qr The

quartz glass ‘cruci bl e according to the preséent invention is a quartz gl ass
cruci bl e sfigmifuildamyg yup m=ildlesl siwiitdon tdvey stimnegonpuirsiacg aodr ucihlel e base

body wi tfy %di"ggrlaye%ugiggkgggetob%h%éfggﬁng%ﬁggfeqﬁgrtz glass

or a mixture of natural and synthetic quartz glasses for
a specified range of the shell part of the quartz glass
crucible that is wused for pulling up single silicon
crystals, it has been found that the generation of
vibration on the surface of the silicon melt can be
suppressed, and that it enables long stabilized operation
using the crucible while suppressing the generation of
surface roughening and cristobalite spots on the inner
surface of the crucible by forming a specified range of
the inner layer in the vicinity of the bottom part of the
crucible with synthetic quartz glass. The present
invention has been accomplished based on these findings
enabling pulling up of single silicon crystal at high
yield. More specifically:

An object of the present invention is to provide a
guartz glass crucible capable of pulling up single
silicon crystal stably at high yield by suppressing the
generation of vibration on the surface of silicon melt,
without generating surface roughening and cristobalite
spots on the inner surface of the crucible even for long
operation.

Further object of the present invention is to provide
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thereof, in which said inner |ayer conprises, with respect to the height
+(H fromthe | owest end of the bottompart to the upper end plane of the
shell part, a synthetic quartz glass |layer of at |east up to a height of
0.25H, a natural quartz glass layer or a m xed quartz glass |ayer of
natural quartz glass and synthetic quartz gl ass extended over a range of at
| east frgm O 0, X . one I f | C tz gl ass

| ayer, a%ner{f ura d qfuog} fﬂz_}: %cﬁgéjlsr? a@@%,ﬁ%ﬁg‘% ‘#ﬂf)%e% %%Lg%?gi%jl %gés;g%éyer of
natural quartz glass and synthetic quartz glass for the rest of the inner

| ayer. By form ng an inner |layer made of natural quartz glass or synthetic
gl ass cont ai ni RGSREPSPRE §FadsE(iINYENTIONat ural glass mixed with synthetic
glass) on then Hiefe,SUELACE e e heUCoDI S basaRRAD, thE \WIOn 1N
silicon nelt can be suppressed. The thickness of the'inner ITayer made of
nat ural duadntiginssebated deat ar Auatas grasedenit bbigntthbet ipuldliars above
is preferably in a range of from0.3 to 3 nm In case the thickness is |ess
than 0. 34WPmSigiiAe shieticQt f@EYSBRL SEPPPELSLRG BhETYFBPALI BRS6F B9dYi con nel t
can be e ;o an r r r [ S !%agg_clfee i mmis not
pr ef erreégb%g'gl%saé ?ﬁlérqgﬁl sd%)c/)tei %érgo%dnseﬁ%a?%ﬁ?hgkggge 0 g%ggre%snsi ng the
vi br at i odinafert h2apekt .pkdwvideed ottlver thand.nridre yuefdcef thersofigl dnsilicon
crystal depends on whether the single crystal contains, dislocations or not.
However , Whgsth dthe U 87 08ALPENSTYEAELE e Hueh 3R HRr 57fHab¥ t&@¢heni ng or
to the g rat. f [,St j pot S.,i I t f pul I'ing
up procegsg?d?.lé&{h&ltaﬁ{én]?a&%@%%%e%fQo.giégglll%gf%tﬁ{égé}:gc?g?ggt %;a %lrs br ought
i nto conbd&ctati tLeakke w | koo nheligher of | ONZSHpr at iwatwfali BRartz

Accordingly, -5 in the quartz gl ass cruci ble according to the present
i nventi of126Re FANGF IAyeP uPiteda HATHR gilage | bA¥ET0.9%5 AAL¥TRIrned with

synt het i rt S at, qg% d ur, :ﬁcre% g j.ng or
generat i Hgg?zcﬁ%%%a?%?ets &q):tﬁse. Z‘{{‘éﬁ% nggésgf é'; e ﬁl%lergf%lerg is
pref er abkgnige aof afgemofat r ama@tb ¢ 6B mwm 0 MBEAasantdheondi eknlessedl the

i nner |ayer becones | ess than 0.5 the effect of suppressing surface
rougheni A§°8Bnd® c SYASR IR e8pETS Ungt%?ﬁs laygr: a3 MPRYEAM t INATEEW i el d.

An inner | aygr di 945 M RehhiGdI8SS &Ba 8l Sq 0t fgutedgbecause
it incr egse\sé t he pr oduct |don cost(.-2 Tﬁ% gr ai néo? nat S?SI ECIS]FI ca mg?ed W th
synt heti andi | sgatheti¢orquart 4 hgliasser foémayatheof rebhe qufir tthegl dssecr uci bl e

above preferably contains 30 $ or nore of natural silica grain.

The
struct ur S3BPTFhRREF 1Y §i dsPLIIRIET e LREC AU Y ¢ 5T PRe PresdArePhventi on
s ShOV"”?hH 8- the IHofiém Jp%@sﬁgf%ea aa§é£?e94@8§1£ﬁa6'&é €¢he bottom

part 2 of the crucible, straight | part inner Tayer 4, a synthetic
guart z gshedli paet Waybr respacd do itheercriayidrlet boglys of natural quartz
gl ass or natural glass mxed with synthetic glass. Fig. 2 shows an

enbodi ment of an apparatus for producing quartz glass crucible. In Fig. 2

are shown m { Of abd &\ Bt forl, 0B EhECHPLRiRGSE body 8, a silica grain supply
neans 9, a plate-like 1id body 10, a flow control valve 11, a silica grain

supply 12, aiqv clebbowpode stdematdidaldy girsivn suqpesy segkienldiewnd hi gh
t enper at u%e ﬁt rmsghgre iS. The %té%rtz I% S cruci blte .accortdi ng to the
present PhvEREi BHF &% §red by F8dQéi Z‘_ené’tr&PSP si1EA A ' from the
silica grai esgpphy reans Schihatibe drdwild 19oiD! £h 7.apPaaRitie t Rer- 6

producing gquartz glass crucible of the present invention.

Best Mode for Carrying out an Invention
The quartz glass crucible according to the present
invention 1is a quartz glass crucible for pulling up
single silicon crystal comprising a crucible base body

with an inner layer provided to the inner surface
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grain into the formof the crucible, inserting the arc el ectrode 13
~therein, and covering the aperture part of the body shaped into the
crucible with a plate-like Iid body 10, and thus, by using the arc

el ectrode 13, a translucent crucible base body 8 is fornmed by setting the
inside cavity of the crucible-like shaped body to a high tenperature

aseous at.nosphere and thereby nel.ting _and vitrifying at, | east a partiall
?he i nsi }é‘%’?g‘f‘ﬁ’e ctci ¥ égﬁi i@aéﬁapégnﬁﬁy&afﬁény cé’%mrrlsstes‘s'i %" Yrain i g
suppl i ed dd¥gedde tBi gbné erRErAUr endt NDsge8 el dko8t t e Si bCa g ai n

supply means 9 while controlling the supply rate wwth the flow control
val ve 11 hartdierpéytf somthequepper gends pilaner dfayehne ashehé gegitr,ech positi on

by neltin dvitrifyi t he grain. Subsequently, a second sil. grainis
suppl i ed Sg’dlactqheetlhcf g‘ﬁugjé_ﬁ%ergg‘faﬁ%eajﬁyﬁsp%gr gglgeﬁé&ﬁi%eggi P i’ae’gq(j’b n supply
nozzle 14 adhs®N AORHELAGaR QGuRAtZ Y1255 | AYREr abrt Berdeeld @halasi tion by
melting and vitrifying the thus supplied silica grain, a synthetic quartz
gl ass i nrgdradsayleaysr | off oatud adp quardtz | gbsis aahdi ghintbetdc2siantem t he

I t f th t f f_the bott t [ t
the hei gt HPon LB P Best” tha dof - ERES bt ot pard“ 1. TREFPDEPE o pl ane of

the shel lo pa;t ; addnabneal séildé{d 9lfa%m | ayesyREndt It Xeshd AYLr i a&fs nat ur al
and synthetic quartz glass is formed in a range of fromat least 0.5H to

0. 8H, andayes ,r est naturhd igwearts aykass slagemed anid ha oméxsdl gesed zf r om a
synt heti c .quart | ass, a_natural quartz gl ass nd_a patural quartz gl ass
i xed wi O S HOTE Ghares teraed T 3 et ond SvRrBehon” andyee

pref er ablgy ag@p! fyed tdlee PEPHAUGki hdeiRnds IuGeras (igy ardBhieg G@nprising
formng a synthetic quartz glass inner |ayer to at |east a height of 0.25H
by suppl jpinngr- 71ayeyntmade cofi | pabtuyahi Muartz hgyhssenper syotdestivospher e
and by mellti ng and vitrifyin thelgrq_i n, fgl.l owed by novi Qagl upﬁfard,
downwar d 98P 5 oCPREAFPIRE” HETRFFL i F AT eddaPy s the MTYEH gPaPR Ssuppl y
nozzl e 1lfikat Width bepntHeedcl @ aspplot Nghéhe nseht haldfad | bgatgeai n, and
form ng, over a height range of at least 0.5H to 0.8H, a natural quartz

gl ass i neEucliier b@searbediner thayuibshtagnudal sgusiraon ghebs aarebewi t h
synt heti(s: uartz IassT , bg su]ggl %i n%tla g{lai n _of na§1ural Si Icica r of
natural SPPPESSHYed with syREREEPES st 5 Fr ofitSe ABYFFe:™39%) 4 net hod
conpri si pgthean nguaktiznNnglakayesr 6 &f naitdr@ll qualEst: 9hmakedor waRhi nner

| ayer of natural quartz glass mxed with synthetic quartz glass over a

hei ght r&Kgé&hetist 333 ebsmet 0. BFPﬁ?rﬁéF-Yi Ag add reinge {94 nramgrai n of
natural giLi r natural _silica, m.x with synthetic siflica that is
suppl i edaf?o%%a%sirﬁ'ca %}r{a?ﬁséuﬁiﬁ%y trrllolzc%%eesﬂ,lsf o]I‘TSoS\’Ne %r;l/ ér)n'ngl ﬂ‘ﬁ,’ i f
necessar gnlypwaad]l édfusy bf Wupprddieing ottie oFibedtidheosi biCacenai n
supply nozzle 14, and then formng a synthetic quartz glass inner |ayer 5
to at | eB8ita FéPghteof eFPEtadiomathe 1ist el f@Emedt ertsupface of
t he bottom y i n Ltrifyj thetic silic rain

suppl i edgﬁ}gﬁhgﬁg S%Iﬁecéﬁg} i% }sﬁbppﬁs;i %‘S’gn%?%f%%&?’ abneaca(l}slei )éggrrr%t hod
conpri si hg faon ngpaoemehtquant ztgeaseffaser bayesuppeesshbrgenthee inner
surface of the crucible base body by nelting and vitrifying a first silica
grain suppPralirroRft kBesmeildéa grain supply nozzle 14, followed by fornming
a_second qual 2 AbassddiNChah@yere {216 ednROYiHAR by; 2HOBLYI NG 2
second silica grain. In the production nethod (rir), preferred are Lo use
synt heti crgstata dpmendd oont hehdtihet ghai nsbngllea ratywrtall scdbneaigsain or a
grain of natural silica mxed with - g synthetic silica for the second

grain, s@thlPRAELIPAE Aot ayed W IatTeSt Qharthe gfigkoertbPnfat ur al
quartz g L xed Wit h nt iC g LS ifar oV i ght
range of&fél??)fng%.éSHdwg O.t?ll—l. éﬁée p?g#slgé\(tgéi n\%gﬁtﬁlhg%llkg gg)g:cri edatrrgge

speci fi cgéhgrbeiow f wayistobahnpéespdud it sheul Haber usdergst oofl t hat the

present invention is not only limted thereto. EXAMPLES Exanple 1 By using
the appatRfuBUdndRd 4P FRPEPCSSS hi dhepur iy P&t i alesiPEcREgr%yid? stibj ect ed
to purifbgatien treatipeat was fed ivkidht Ot AtbN LMLy, wa!egl thge grai n was
formed into a quartz glass crucible-l1ke shape by the centrifugal force.
Then, ansalicehecoeltdeEd3 aadongseahiredt iiont cof heigeart 2Agt@asdingle bl e base
body, the aperture part was covered with a plate-like lid body 10, and a

hi gh tenperature gaseous atnosphere was provided inside the inner cavity by
using the arc electrode 13 to nelt aAd vitrify the base body. Thus, a
transl ucent quartz glass crucible base body 8 was forned by cooling the
nolten and vitrified body. Then, after setting high tenperature atnosphere
15 inside the inner cavity of the translucent quartz glass cruci bl e base
body 8 by neans of arc electrode 13 while rotating the nold 7, synthetic
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-9 . outer surface of the bottompart, where H represents the height from
the lowest end of the bottompart to the upper end plane of the shell part.
Then, the silica grain supply nozzle 14 was noved upward, and by supplying
a grain of natural silica at a rate of 100 g/mn froma silica grain supply
means 9, a natural quartz glass inner layer 6 about 2 mmin thickness was

nol ten and, j Qi.ned i thical l & he, | . surface t sl ucent
cruciblquhsgh%o @gpgée 4 %biéﬁpkégﬁée%%%ﬂggﬁfﬁ¥ok .OpﬁéTﬁgﬁﬁ%%ﬁgter of

t he thus iobiexitiesh quahez iHmesas taveicblwp was 24 hechrs. 3 adl ligyswp single
silicon crystal according to CZ nmethod by filling_the quartz glass crucible
wi th pol Yerdsstihl 1§ nEosmed cohtAngyrehetag, dpartecelapagitdadi 1isc s yst al
was obt ai r eratj ab rs wth ratin ny
vibratio##%%%ﬁéézugﬁécegggggg icoﬁgﬁaﬁgebﬁganp e 2 ﬁb puf?%y %gﬁura
silica groaistaby leaedpotpur i Theatthdrekinesat rehttv@sihadri nhgea rigt ating
nold to formthe graijn into a quartz glass crucible-1ike shape by the
centri f updleferadldy THen2 &ANGEc of DAL NakCi Asdi®-ed IRt 626Re té'lfartz

gl ass cr Uil aVor  RAAPAIAL €1R9EL RS HANET 805Ul Whah Phakerdi ke |1 d
body, and a high tenperature gaseous atnosphere I's provided insidé inner
cavity byhesi ngfrbetar ol esuppiessings, @utfads| uasnighpwing glaasis
cruci bl e base body was formed by cooling the nolten and vitrified base
body. Th&F1isiobalise t PRELAI gReteRper aitplel aPfospRereeFwkt delht hdow

transl uc artz. gl ryglihl e y a ctrode while
rotating§?%é%ﬁnld?nsyﬂ?%g§ig% ifié%gégg?ﬁg%ag gﬁgpﬁﬁegéq é€%§%§a§5a rate of
100 g/ m alkwonmdthepselfeeaedr, aibeciyd yitodnkeeealsest htlse mppductdonl
synthetic quartz glass inner layer about 2 mmin thickness was nolten and
joi ned nBR&Ii*thically with the inner surface of the translucent crucible
base body. Syhseayeily.o@PoHicdtd MBlidk kingl | @¥eh ObyRZhUeal quartz
glass mxed wth Synthetic quartz glass was forned on the fnner ayer over
a hei ght siddgea ofoxf). 4bkining0.t3t¢ oinhée drayerhl @f bake bpoyrty suppkyi ng
synthetic silica grain at a rate of 50 g/min fromthe silica grain supply
nmeans 9 SHHCARLGr aRPSVE cRTELQTALAY acPBtEisf 580g/ &i nOfr oRPERe Of

pr edet er gi 0S: bl thr h the silica grain supply nozzl e above. The
dianeterﬁégﬁ?ﬁg %ﬁ&ég%bt f%g ‘quartz glass crucible was 24 inches. On

pul l'i ng up sTingl etsukicoor @fystie queotdi rdase CHuxeilhbsl bygcbrhlingg t he
quartz glass crucible with gg%gcrystalline silicon and neltipg® perfect

I
singl e sFPi &&F B5RISAT warY PRedSaf¥ Pt K 19n ofF abdut hdur s

Wi thout geReLabivRgd a2l ity 1y Urddih 1 f 205 Ol bAFON2 MBEL the _
Conparative Exanple 1 By using the apparatus shown in Fig. 2, high purity
nat ural srhcdblgrai stgabgbdt edhed lJpumdttcatd on inrest nehayewas #ed anto a

rotating nold 7, and the grain was forped into a _quartz, gl ass crucible-Iike
Shape bystRERebie Aragte oass SRant TRVaF Coel dott b PSBSLEREE: red it

the quargz g &S o¢r Utd il La PagRakedy g1 48s aRer tA€u PRIt MRFLOMELEd W th a
plate-like lid body 10 , and "a high ?enperature gaseous at nosphere was

provi dedwiihbi ceynithetiieneylass/i t yFig.usd ngheve anc egboctimede 13f tannelt and

itrify the base bady. Thus, .a t | t tz gl i bl bod
5 was. 1 oPRBA BY E0BPFnB-PECHR BRAF AT (BLHOE - Troh, FaFtef st i ng

hi gh term.eaatswoen@tm@ahswn% ndld O, t Be driteib 1@ VbiYe 050’699 g aasl ucent
quartz gl ass cruci bl e base body 8 by neans of
silica grain supply means 9, a plate-like 1lid body 10, a
flow control valve 11, a silica grain supply 12, an arc
electrode 13, a silica grain supply nozzle 14, and high
temperature atmosphere 15, The quartz glass crucible
according to the ©present invention 1is formed by

introducing natural silica grain from the silica grain

supply means 9 into the rotating mold 7, shaping the
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-11. arc electrode 13 while rotating the nold 7, synthetic silica grain
-was supplied therein at a rate of 100 g/mn. In this manner, a synthetic
gquartz glass inner |layer about 2 mmin thickness was nolten and j oi ned
monolithically with the inner surface of the translucent crucible base body
8. The dianeter of the thus obtained quartz glass cruci ble was 24 inches.

On pulling up single silicon crystal accordi to, CZ net hod filling the
quartz gl‘g'sas“’cr ngBI &hf tﬁo’f)’al Ve yEral FFHElbagi'po’ﬁ*%ﬁfﬁt% t Fﬁé &igor ous
vi brati on Mas: Geer 85 ed hdihe Sand aESvQI:iBQelt%é | 00 0Ed barki Rk seeding

operation and consecutive operations unfeasible. Conparative Exanple 2 By
usi ng t hehsppaody ushsbewn intd-i ghe 2crhcghlpumitbh nat plakesillikea lgrdi n
subjected to purification treatment was fed into a rotating npld 7, and the
grai n waPr méd i ntdda k1 z Pdl alSLRFuctif e-ai_rickee%ﬁﬁﬁéoﬁg thdr céhtri f ugal
force. Then,am &t A6 {008 HdsdaSckh{Ser § 8debphaqt B% uantis 0lass

cruci bl e base body, the aperture part was covered with a plate-like |lid
body 10 insndlea dayghty eopethturce ugddbdedd ikenodpmerd edy ptoviadéd.ghnsi de t he
inner cavity by using the arc electrode 13 to |t and vifrjfy the, base
body. ThEFEMRERALHRE 1EEAEHTart sMQTRRS &  Feichl ERBEEEYdMRL BLRfs ¥t med by

cooling the qtien angd viigdddd eds bodyrtTheDy, ather $aLLHAY Bifgh dh@perature
at nosphere 15 i'nsi'de the inner cavity of the translucent quartz gl ass

cruci bl e clrass Hled\l ikebys regas lwddyar ¢ Bhent radéit8twhillécrogakiing itshe nol d
7, natural silica grain was supplied therein at a rate 00 g/mn. In

(hi s nangePP LA R Yiar o SeEPHRErTF ayEnoaRREES 2 AT fPkness vas
mol ten aadui@ane&a{mméaﬁgwahéxny bh e d eeieSo i acg ehet Baphigns! ucent
cruci bl e base -12 body 8.  The diameter of the thus obtained quartz gl ass
cruci bl erade 2itimchée. Ohopuldontgolp wrlngg e 1di | teothergbyal facmordi ng to

CZ method by filling the quart | ass_cruyci bl e wi.th polycrystalline silicon
and nel t AH %tﬁerﬁgegs’cﬁgﬂﬁ W];%??Bun?jt u#fc}b%sid&sé'r a®S& *HEoy dblyi ng is
gener at egle@R jhide aﬂmwiecxcirﬁﬁtrﬁdn &d Q¥r§ﬁ§§ag§u9£e§98HEl§9 Rodkgondl t hough
no vibration is generated on the surtface of the silicon nelt. | NDUSTRI AL

APPL| CABBLLAT¥aThegrpiar t z igl assipprlicidol etdor thel | imigghup semgkeasiakriecon
crystal s _accordi th reﬁ nt invention suffers |ess vihrati gn of
Ly Se &

rys rgll n ti) _
silicon AEFPPSBGFFECe BN up> 5t e 9§ c oRURP y¥t A1 abl es

stabl e puhli,NJoHP SbAEL€gSid | eRArERZYShRhSsat1dy@h Ydel dne t Raytreausi ng
surface rougheni ng or generation of cristobalite spots on the inner surface
of the cpasilbien Th# gonattingl adrd cridimlfy iglbvdahes shuli ghubpddedri al

val ue, be(J:_ use it can be gr o% ng. by a sti[rrplfagr ogucgi ogﬂ rreetrhogi (iorrpri si ng
suppl yi nﬁ g?nﬁf&’i‘}:’ SEkEs E‘F i, _qélaﬁ:a zpr% T1i88 §r i, For a’ fi xed
grain OffaﬂhéamuﬁﬂﬁéC&taQ@aglmH“ﬂé£g§t!bﬁ@OLQS@a@Edﬂ the pewkkens of the
cruci bl e base, and then nelting and vitrifying each of the powders for
form ng ehd kﬁhetheapgﬁer surface of the bottom part, wherein H

represents the height from the lowest end of the bottom

part to the upper end plane of the shell part; a natural

quartz glass layer or a mixed layer 6 of natural and

synthetic quartz glass is formed in a range of from at

least 0.5H to 0.8H; and the rest of the inner layer is

formed with one selected from a synthetic quartz glass, a

natural quartz glass, and a natural quartz glass mixed

with synthetic quartz glass. In the production method

above, preferably employed are production methods such as

(i) a method comprising forming a synthetic quartz glass

inner layer to at least a height of 0.25H by supplying
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- 13 CLAIM5 1. In a quartz glass crucible for pulling up single silicon
*crystal conprising a cruci ble base body having a bottom part and a straight
shell part with an inner |ayer provided to the inner surface thereof, the
quartz glass crucible is characterized by that said inner |ayer conprises a
synthetic quartz glass layer fromthe |owest end to at | east a height of

0. 25H, a natuyral. quartz glass . ayer or .a mxed |a of tural. and

synt het i (?Y&L%‘ret Cglcé%%l%gt nded intar e{lnléjtreg o?e??%%gaPrFeggtm%@%ﬁﬁeo 0. 8H;
and one seleeched hé PPl AgSYAidehiia dus ilng gkaes §ayeh, ardBload yartz

gl ass layer, and a m xed quartz glass layer of natural and synthetic quartz
gl ass fomovtieg eypwatdy hedowmiearday@r HRertehe HMigddr essntkefhe Hel ght from
the | owest end of the bott art_taq the upper end plane of, the.shell part.
2. The qU&FEZS§ dss gpﬁci%@% Fr&M 1?”9#% e’ m'qgi nt(:‘:jharlgt "5 or the
natural selinCa:gddi Bokn dulpp 1R grai Byakheativr alisidd cgrand, syt hetic
silica for formng the m xed quartz glass of natural quartz gl ass and

synt het i €ogdingz fvess ackeiahs renrgg0o% &t higpfey .035H A &-88rhéd for
producin uartz glass f.aor. pullin p..single sjli ry o rising
setting ga%f‘l%ﬁalt e%%?g%urgelaﬁsfméﬂﬂ rgeLilal sélrgeogheg"# n%gge%av?%ié%o%{%?on of a
quartz ghassr@nueiullra Pageadndyi sdd aghed spneneeiat flgreel d1asedesuppl yi ng
a synthetic silica grain together with a natural silica grain or a m xed
grai n of byatswpplyingca awdadynt aét imatitdasidticasaptd MHhnesmyedat ure

at nosphere.t.o _thereby form an_inpnet |ayer, gn the inner rface of. .the

cruci bl esbéggabweﬁ%/’ %?l%l ﬁ&n%éﬁ vFt F’i&iﬁﬁlc%g t{rhogn gt;}}f n?ggﬁﬁégfret(ﬁ'& i's

char act epi zR6LHOH t béhpt Ls CAGPHFOTRS nfgOr4A NOnAe By Nblelr 06 quar hat@kass i nner
layer -14 fromthe lowest end to at |east a height of 0.25H, a natural
quartz gHu3EtRayEFa®t QrnidfedinBgEr lYetat @f aPa&Ndady ittt e §dapez gl ass
ext ended_i r e t . t +SH e cted froma
synt het i I([:"l(%ﬁgr twez}'r{gil a&nt{tgé;@f? %{lﬁgﬁ%rgllggaa%y%rg:ias@@?%@er?agﬁg Ea)%m' xed
quartz ghassdaatero ofm nabunalgmmnsly syetbehic agdartiz gl dsind oa ghaikest of
the inner |ayer; wherein Hrepresents the height fromthe |owest end of the
bott om paft ntetugaluppdrlisid Mranebf Baeushk| |Sphita 4mixRd nWEkSd for
produci ng_a, quartz glass_faqr pulling up singl ilicon .crystal qof claim3,
wher ei n,gyﬂtgﬁglﬁet%%gl%%rr%rhlagﬁ néssgspu %/llsln%@séﬁt%h'etigc%slﬁllciaa Fgllﬁ into a
hi gh tenpgppllyr enakeoephene f remmawed i 6§ ghavAngypphy naszkeskeyform a
synthetic quartz glass inner layer on the bottompart of the crucible base
and to tRBWRFrEini 9WRWRFRof Orandot hele nd ity t AE stefea tdheai ALddppl y nozzl e
to suppl ur {11 i N,Qrf a.fnpxe ai . natura Ll and

synt heti%rglilf’i cgﬁ}f%i#o%?nozg{\?% nnlcear’ |§§§r 1%)11?1‘91;1 heﬁcﬁlcﬁlé b% ghh%géc t he
silica ggaaptizs glappl iiathem bkawdr a5maonet tleaistt lee heniygt | afed .2BHPri ses a
synthetic quartz glass inner_layer fromthe | owest end to at | east a height

of 0.25HT@Mndthfr alOYREFt 27 R FhFerWema MXERCEaPdr Wi nBPHFAM and
synthet i ég?%afogém%ll@ﬁ?:ge)étn@%dcfir%ﬁiad;frﬂ?ﬁ Ogyr{tfl%%fé LeaptaOgpkiho 0. 8H

and one ect romad synthetic z glass layer, a natural quartz

gl ass | ayepplaed &Enurketheualiflicgl apsailmysupplyiagunalzzded B4/nt hetdi c quartz
glass for the rest of the inner |ayer; wherein H represents the height from
the | onebtidhd f "ERROBotIAFM TS 0 FPRBLBBpE Ehﬂsgl SYRIHFZ t Ad28fel | part.

inner layer over the entire inner surface of the crucible
base body by melting and vitrifying a first silica grain
supplied from the silica grain supply nozzle 14, followed
by forming a second quartz glass inner layer on the
desired position by supplying a second silica grain. 1In
the production method (iii), preferred are to |use
synthetic silica grain for the first grain and a natural

silica grain or a grain of natural silica mixed with

— 8 —



5. .The method for producing a quartz glass for pulling up single silicon
crystal, conprising formng a first -'15 quartz glass inner |ayer on the
entire inner surface of the crucible base body by supplying a first silica
grain into the high tenperature atnosphere inside the crucible base body
and nelting and vitrifying the grain, and then form ng an inner |ayer by

melting and wmitrifying.a second sjilica grain supplied thergeto erein, the
second gﬁ%%ﬁ?%ﬁ%ﬁr1%é§%%%p%?éd ?%esd?ﬁggu%aﬁﬁgnghaFufﬁe ?%%Erwag§er

conpri sesithe&y NRRIHIC quUaptz WA @ssal NRRTad Y elg1fals@m bhe bpwasdtrgh to at

| east a height of 0.25H, and that a natural quartz glass |layer or a m xed

| ayer of awauizl ghagls spakkdt Wi tquainthatiss exearehdedliansa isarfprmdd from at

| east 0.5H to 0.8H 6. The nethod for, producing quartz glass for pulling
up singl &89 it dF st ¢ aglfﬁ%,om% 2 &twg'fi rst silica grainis a
synthetic silica grain, and the second silica grain is natural silica grain
or a mxed grain of natural silica and synthetic silica. - 16 . A

5. A9[ . A& . A3Bhagipreg{e g ingannden ALPB. Arsaniked  moFeAlSpemlifdaradly

YZi p_Z[ SZ9!.: 1" me? cal ¢ ca cal] calcal,c c al calcal calcalc
aj cg]_cg] c%aejl(%‘t‘] Lig?cé‘]acy;} %g} c%}%@%%eg% ‘ca %%L %:: %}](?I’R’]a}'da] 63]##%4“%%77&&8
B| D} D] E* ElhlaRP U SrbentY} s ik idd ciad aid€ ajehy CRiml 6@] €mé£ai 6] cal cal calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal ca]ca]ca]ca! Y}[[ T"U'=bChdee7
7R<Y<BB| D} D] ENEI | BPIPQAS5STTTYY} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a]ca]ca]ca]cah%g%%? ca] ca] ca] ca] ca]l ca] ca] ca]ca]ca] ca]ca]ca] ca(HzY7! (s
10%4 (& ()-Y s %— I 10% (& ()- h 10%H& ()- 109%& () -

Example 1

By using the apparatus shown in Fig. 2, high purity
natural silica grain subjected to purification treatment
was fed into a rotating mold 7, and the grain was formed
into a quartz glass crucible-like shape by the
centrifugal force. Then, an arc electrode 13 was
inserted into the quartz glass crucible base body, the
aperture part was covered with a plate-like 1lid body 10,
and a high temperature gaseous atmosphere was provided
inside the inner cavity by using the arc electrode 13 to
melt and vitrify the base body. Thus, a translucent
quartz glass crucible base body 8 was formed by cooling
the molten and vitrified body. Then, after setting high
temperature atmosphere 15 inside the inner cavity of the
translucent quartz glass crucible base body 8 by means of
arc electrode 13 while rotating the mold 7, synthetic
silica grain was supplied therein at a rate of 100 g/min
from the silica grain supply nozzle 14. In this manner,
a synthetic quartz glass inner layer 5 about 2 mm in
thickness was molten and joined monolithically with the
inner surface of the translucent crucible base body 8 to

a height of at 1least 0.4H from the lowest end of the
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outer surface of the bottom part, where H represents the
height from the lowest end of the bottom part to the
upper end plane of the shell part. Then, the silica
grain supply nozzle 14 was moved upward, and by supplying
a grain of natural silica at a rate of 100 g/min from a
gilica grain supply means 9, a natural quartz glass inner
layer 6 about 2 mm in thickness was molten and joined
monolithically with the inner surface of the translucent
crucible base body 8 over a height range of 0.4H to 1.0H.
The diameter of the thus obtained quartz glass crucible
was 24 inches. On pulling up single silicon crystal
according to CZ method by filling the quartz glass
crucible with polycrystalline silicon and melting,
perfect single silicon c¢rystal was obtained after
operation of about 90 hours without generating any
vibration on the surface of silicon melt.

Example 2

High purity natural silica grain subjected to
purification treatment was fed into a rotating mold to
form the grain into a quartz glass crucible-like shape by
the centrifugal force. Then, an arc electrode was
inserted into the quartz glass crucible body, the
aperture part was covered with a plate-like 1id body, and
a high temperature gaseous atmosphere is provided inside
inner cavity by using the arc electrode. Thus, a
translucent quartz glass crucible base body was formed by
cooling the molten and vitrified base body. Then, after
setting high temperature atmosphere inside the
translucent quartz glass crucible base body by means of
arc electrode while rotating the mold, synthetic silica
grain was supplied therein at a rate of 100 g/min from

the silica grain supply nozzle. In this manner, a
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synthetic quartz glass inner layer about 2 mm in
thickness was molten and joined monolithically with the
inner surface of the translucent crucible base body.
Subsequently, about 0.8 mm thick inner layer of natural
quartz glass mixed with synthetic quartz glass was formed
on the inner layer over a height range of 0.45H to 0.9H
of the crucible base body by supplying synthetic silica
grain at a rate of 50 g/min from the silica grain supply
means 9 and natural silica grain at a rate of 50 g/min
from the predetermined position through the silica grain
supply nozzle above. The diameter of the thus obtained
quartz glass crucible was - 24 inches. On pulling up
single silicon crystal according to CZ method by filling
the quartz glass crucible with polycrystalline silicon
and melting, perfect single silicon crystal was obtained
after operation of about 90 hours without generating any
vibration on the surface of silicon melt.
Comparative Example 1
By using the apparatus shown in Fig. 2, high purity
natural silica grain subjected to purification treatment
was fed into a rotating mold 7, and the grain was formed
into a quartz glass crucible-like shape by the
centrifugal force. Then, an arc electrode 13 was
inserted into the quartz glass crucible base body, the
aperture part was covered with a plate-like 1lid body 10,
and a high temperature gaseous atmosphere was provided
inside the inner cavity by using the arc electrode 13 to
melt and vitrify the base body. Thus, & translucent
quartz glass crucible base body 8 was formed by cooling
the molten and vitrified body. Then, after setting high
temperature atmosphere 15 inside the inner cavity of the

translucent quartz glass crucible base body 8 by means of
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arc electrode 13 while ro;ating the mold 7, synthetic
silica grain was supplied therein at a rate of 100 g/min.
In this manner, a synthetic quartz glass inner layer
about 2 mm in thickness was molten and joined
monolithically with the inner surface of the translucent
crucible base body 8. The diameter of the thus obtained
quartz glass crucible was 24 inches. On pulling up
single silicon crystal according to CZ method by filling
the quartz glass crucible with polycrystalline silicon
and melting, vigorous vibration was generated on the
surface of the silicon melt to find seeding operation and
consecutive operations unfeasible.

Comparative Example 2

By using the apparatus shown in Fig. 2, high purity
natural silica grain subjected to purification treatment
was fed into a rotating mold 7, and the grain was formed
into a quartz glass crucible~like shape by the
centrifugal force. Then, an arc electrode 13 was
inserted into the quartz glass crucible base body, the
aperture part was covered with a plate-like 1lid body 10,
and a high temperature gaseous atmosphere was provided
inside the inner cavity by using the arc electrode 13 to
melt and vitrify the base body. Thus, a translucent
quartz glass crucible base body 8 was formed by cooling
the molten and vitrified body. Then, after setting high
temperature atmosphere 15 inside the inner cavity of the
translucent quartz glass crucible base body 8 by means of
arc electrode 13 while rotating the mold 7, natural
silica grain was supplied therein at a rate of 100 g/min.
In this manner, a natural quartz glass inner layer about
2 mm in thickness was molten and joined monolithically

with the inner surface of the translucent crucible base



10".10"9" <g10% & ()- & 10% & () -3 QB777R<V<WEX<Y<{\ QF; WA 10 10

£ 1099<z10%& ()-119s 10%& ()-$ D9s 109%& ()-$!#s 109%& ()-

109& () - Y<??BBBBBF~sh] >WLA 19! 109& ()-3 10 10 10L<109& ()-!#L 109& ()-3 #L
109& ()-3L 109& ()-3FFITI11L. L} "=WA

body 8. The diameter of the thus obtained quartz glass
crucible was 24 inches. On pulling up single silicon
crystal according to CZ method by filling the quartz
glass crucible with polycrystalline silicon and melting,
perfect crystal was found unfeasible because disordering
is generated on the single crystal after passage of about
50 hours, although no vibration is generated on the

surface of the silicon melt.

INDUSTRIAL APPLICABILITY

The quartz glass crucible for pulling up single
silicon crystals according to the present invention
suffers less vibration of silicon melt surface on pulling
up single silicon crystals and enables stable pulling up
single silicon crystals at high yield without causing
surface roughening or generation of cristobalite spots on
the inner surface of the crucible. The gquartz glass
crucible above is of high ‘industrial value, because it
can be produced by a simple production method comprising
supplying a synthetic silica grain, a natural silica
grain, or a mixed grain of natural silica and synthetic
silica to each of the portions of the crucible base, and
then melting and vitrifying each of the powders for

forming the inner layer.
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CLAIMS

1. In a quartz glass crucible for pulling up single
silicon crystal comprising a crucible base body having a
bottom part and a straight shell part with an inner layer
provided to the inner surface thereof, the gquartz glass
crucible is characterized by that said 1inner layer
comprises a synthetic quartz glass layer from the lowest
end to at least a height of 0.25H; a natural quartz glass
layer or a mixed layer of natural and synthetic quartz
glass extended in a range of from at least 0.5H to 0.8H;
and one selected from a synthetic quartz glass layer, a
natural quartz glass layer, and a mixed quartz glass
layer of natural and synthetic quartz glass for the rest
of the inner layer; wherein H represents the height from
the lowest end of the bottom part to the upper end plane
of the shell part.

2. The quartz glass crucible of claim 1, wherein the
mixing ratio for the natural silica grain in the mixed
grain of natural silica and synthetic silica for forming
the mixed quartz glass of natural quartz glass and
synthetic quartz glass accounts for 30 % or higher.

3.In a method for producing a quartz glass for pulling
up single silicon crystal comprising setting a high
temperature atmosphere inside the inner cavity portion of
a quartz glass crucible base body attached to a rotating
mold, and supplying a synthetic silica grain together
with a natural silica grain or a mixed grain of natural
silica and synthetic silica into said high temperature
atmosphere to thereby form an inner layer on the inner
surface of the crucible base body by melting and
vitrifying the grain, the method is characterized by that

it comprises forming a synthetic quartz glass inner layer
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from the lowest end to at least a height of 0.25H; a
natural quartz glass layer or a mixed layer of natural
and synthetic quartz glass extended in a range of from at
least 0.5H to 0.8H; and one selected from a synthetic
quartz glass layer, a natural quartz glass layer, and a
mixed quartz glass layer of natural and synthetic quartz
glass for the rest of the inner layer; wherein H
represents the height from the lowest end of the bottom
part to the upper end plane of the shell part.

4. The method for producing a quartz glass for pulling
up single silicon crystal of claim 3, wherein, in the
method comprising supplying synthetic silica grain into a
high temperature atmosphere from a silica grain supply
nozzle to form a synthetic quartz glass inner layer on
the bottom part of the crucible base and to the vicinity
thereof, and then moving the silica grain supply nozzle
to supply natural silica grain or a mixed grain of
natural silica and synthetic silica to form an inner
layer on the crucible base body, the silica grain is
supplied in such a manner that the inner layer comprises
a synthetic quartz glass inher layer from the lowest end
to at least a height of 0.25H; a natural quartz glass
layer or a mixed layer of natural and synthetic quartz
glass extended in a range of from at least 0.5H to 0.8H;
and one selected from a synthetic quartz glass layer, a
natural gquartz glass layer, and a mixed quartz glass
layer of natural and synthetic quartz glass for the rest
of the inner layer; wherein H represents the height from
the lowest end of the bottom part to the upper end plane
of the shell part.

5. The method for producing a quartz glass for pulling

up single silicon crystal, comprising forming a first
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quartz glass inner layer on the entire inner surface of
the crucible base body by supplying a first silica grain
into the high temperature atmosphere inside the crucible
base body and melting and vitrifying the grain, and then
forming an inner layer by melting and vitrifying a second
silica grain supplied thereto, wherein, the second silica
grain is supplied in such a manner that the inner layer
comprises a synthetic quartz glass inner layer from the
lowest end to at least a height of 0.25H, and that a
natural quartz glass layer or a mixed layer of natural
and synthetic quartz glass extended in a range of from at
least 0.5H to 0.8H.

6. The method for producihg a quartz glass for pulling
up single silicon crystal of claim 5, wherein the first
silica grain is a synthetic silica grain, and the second
silica grain is natural silica grain or a mixed grain of

natural silica and synthetic silica.



