Crystal Manufacturing Field of the invention
Enbodi nents of the present invention relate to an
apparatus and a net hod of manufacturing crystals by
means of the Czochral ski-related technique in genera
| evel, but nore particularly to an apparatus and a
nmet hod, which i nprove the ¢ost-efficiency of
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hot zones typically had a design that Ied to very

hi gh heat |oss and heating power consunption because

of the limted or locally mssing thermal 5

insulation, and at the sane tinme, the design also |ed

to poor gas flow characteristics that increased the

gas consunption while still giving a relatively | ow

crystal yield because of particle formation in

harnful positions and reaching the nelt, lowlifetine

of the hot-zone parts because of strong reactions at

their surfaces and/or low quality of the crystals

with respect to contami nation or other quality

aspects: The resulting relatively high cost for 10

electricity, gas and graphite parts, conbined with

poor crystal yield and quality as well as the extra

time needed for cleaning the furnace or for replacing

the hot-zone parts, increased the total production
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cont ai ni ng vapors. Although several inprovenents in
the hot-zone designs, to inprove sone of these
aspects, have been made since and will be discussed
bel ow, the situation is still far fromoptiniz
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not even been specxﬁed at all in some areas / locations.

The improvements of the thermal insulation have often been local, concentrating in the
region above the melt, and driven by the target to improve the crystal quality and/or to
increase the pullmg rate while the power consumption has not been much of concern and
has not been properly addressed. However, although these designs partially shield the
crystal from the thermal radiation from the hot melt and the hot-zone to allow higher
pulling rates, they are not optimized or targeted to decrease the power consumption of the
hot-zone as a whole. High power loss and power consumption also typically lead to higher
maximum temperatures, at least locally, and to larger temp erature non-homogeneity inside
the hot-zone. These are harmfil becavse they lower the lifetime of the hot-zone parts or
cause a drift of the temperature distribution in the hot-zone and the crystal because of
increased or locally enhanced reactions. As these changes become too large, the parts have
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The inert gas is, in most cases, introduced to the
hot - zone from above, passing by the crystal and the
nelt surface, and finally, after passing through the

hot - zone, flow ng through outlets to the vacuum

wDions®28Bhnect ed to the [ower parts of the n%¢HF9§Eﬁ
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crystal growing process. Such designs are not easily adaptable as such to standard types of
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Various processes.

After growing a crystal the furace and the hot-zone have to be opened for cleaning or
maintenance operations, which include for instance the removal of the used e.g. quartz or



silica crucible and the residual material therein and

possi bl e renoval of dust and other debris. The

condition of the hot-zone can be checked and the

furnace finally charged for the next batch. The ease

of opening and handling of the hot-zone is a factor
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lifetime of the insulating material is extended and
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ease of opening and mai ntaining of the hot-zone
arrangenent is considerably inproved by the

enbodi nents of the invention. The ease of opening and
mai ntai ning that is brought up 5 fromthe enbodi nents
of the invention also contributes to |ow | evel of
contani nation and hi gh degree of cleanliness inside
the grower and the hot-zone. It is quite difficult to
i mprove the thermal insulation, unless one begins
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without loss of positional accuracy, or breakage of the parts. -

The need.for other parallel gas routes in addition to the flow guided to purge the melt
Surface, increases with improved thermal insulation of the hot-zone, for Czochralski
grom of silicon. This is because better thermal insulation leads to lower temperatures at
the interface between the quartz or silica crucible and the silicon melt, decreasing the
dissolution rate of oxygen to the melt, which should be compensated by decreasing also the
gas flow directly passing the melt surface and the evaporation of oxygen from the melt, to



25 thus, lower crystal yield and/or crystal quality.
For exanpl e, the oxygen concentration of the crystal
could drift fromits target value, or loss of single
crystalline structure may result. (B) The crystal
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evaporating fromthe nelt and prevents the fornmation
of particles (e.g. of Si O clé)se to the nelt surface,

- where 30 they could reach the' nelt and, finally, the

crystal-nelt interface, often |eading to dislocation
Ok é%ﬁ éﬂ/f‘é&lbeu\fﬁﬂér@ dpadified B the ywosgstll. Bie paltgeefflaw should,

\lajlgﬁ?«’%r E‘Cl@,lgg %ﬁ&\}gﬁ E«? gﬁf%cgg% )fﬁ.\él? Ehgxﬂo? %t?llﬁ] tﬁ‘gﬂﬂ iR R&ckivns between

cﬂiel Wicoatoaiderapdnittergeaphites; tekecp detlifetime efifae fiee Fapltggars long and keep
WASEE S BI: AP $rofEparticRs! f,[‘ﬁéiﬁ'oresla&zhrlomiﬁé dpiwbacks Stonatvo low argon
Sé a_gaseo cu | .
bRk e T e
'ﬁﬁsc oBherBally weil-osalngell bi-zvec olst thawsach g@dlorﬁ fiyles in the inner parts
88% %ﬁ Lol I g@ﬁ?‘ ficn n%afs & ﬁ&@(ﬂnérl%erécf‘thﬁ !ﬂ@bzﬁﬁk bad @ﬁﬁédtt&emelt surface,

y evaporate as oxides, which may
|am1mpmftmtm part| cles, or they may cause wear of the

hot - zone parts they are brought to contact with. WO

3008/ t&ﬁeaié’ P%Fn%?% %aé fgggﬁﬁgﬂ%ﬁ%g&@ﬂo Q and charactenstlcs of the -

W
Wwbisiamie taye ofnngtied misl the @i@ﬁﬁ%{@@hﬁd@,"eﬁ b fpd g?veoihmla}% impact on the
%%é@ﬁ? r?@élli Ofhdl 8Pl ardX HE9 Neabifotgbe Assificd compltthigr separately. The
Y9

R

. gengeiowatouter, anfi bytles wrogess parametars ey the B fow fich 45 gaymass flow

g G9mbBe OBhS other Haag,emb ivendrutlet in the hot-
t@%/];)i %gﬁi%j%?%mpc?% ?qaié?%n &‘62% ﬂ%artta‘#] gasl Row I}gutes and

Icﬁﬁb!étéﬁsneézhwa afieffect on therfyBdvahg itessicar bon. A large

E&\t {L%n tme 8? Ciasiela) tz%%rgaﬂg" mtekﬁ'ﬁplg rlhgh@@s@ of et &Ggraphﬂ:e felt

ween

R Rislisop anals sk PRRIDIOREIAS g@é‘“@&%g?“ﬁg’)t?m A isdgeply due

' tréh%tu%' Betxkréent Jicop asidel AW g?dplhﬂwsleidmﬁtp silivon earbidegfotnppgion on the

car ncentra on h h r d .
P e et e Bl pEPRU e gt thal ffhduciviy

tﬂhﬁSWﬂW@HdJ mﬂi}e mftth%hqﬁ@l‘»&f?%ﬁ‘% &t W‘f » CHR HrERKase: The changes,
BLLAARY) MRt @iskibaRkakh Hethot-adnehaill elgngooht mpoeatics distribution

}ﬂg %23 pq%%n%dag y t he as L ﬁ F%@? EF,:}E lrtég néani Cdt&gfgd roc!e@s ddRBitions and,

Gaeclonat sigistal ymhi :méidn otystt quality Hog sxamms. dhe owﬁ% concenh?aﬁon of

R Ogrs&iﬁ LSh& &t ﬁoﬂq&utfaf’é& %lhé‘ QorObs<CoY§h@é lchysRilline structure may
et értal 1n a process, ‘in whi ch a seed crystal or

&snke is brought into contart with nmelt that is

. @ﬁt ghé efstal yﬁld: I'Ilhe igas Bowforgeyrianvipegen(ag. VO hevappreting from the
THE‘]? S u Ct u Oéflrﬂm &g&%)ai“&fess(g g% &Q)? E®be toltﬁe ke surface where

IS use

o, re to su
dreya pqné«rh gl@nféh the pelt aushpitedss trp opRal-met @gfr PR Heading to
fd&[ocﬁﬁéhg FnatiGH) Wiadh woild gna.‘ke(tm chiystgl dropart of it useless decreasing the

|
63” ﬂe{ﬂs Z\dgﬁ%:ﬁglgz Exrtbte céon(}f}%ﬁg%%ﬁ%/&éfmsﬂs gd}gﬁg‘&?tﬁg te from the

- &irthes pireria tenfirpce Qg\ums@'eatn thergelfyp (FPAAmIngats can comprise
\Qr’gg aﬁd? Sl ieshaSe) SHEIFECah @hﬁﬁ@t&iemgalﬁ Heghtyd@e@ baystals (with

e Cry I n_ an appropriate
édn Ibéjwﬁ‘?rl e%‘émﬁie%Be@WQtF&& Z’gﬁhctof% par s ‘su %\%% the melt, and

BRVEpirUdahtrs ik evapersty @l oxideat w@msh Ry e figgparticles, or they may

t g 3o SutREWIRNENT

kR Seat ) Bo B bRt Boheffe AR 5, the

term"hot-zone" is used to refer to a such an

arrangenent that conprises the necessary parts inside

of the grower vacuum chanber that are needed to

create a suitable thermal and gas flow conditions for

the crystal growth. A hot-zone
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Vi tthe fodlopEs atcsysiHamamificiuing 1secordipe ie &
f(%'o!:t@%]ﬁﬂyp Bcdse &éfbrsfwaﬁ@ﬁfacﬂuﬁny 8L d‘yﬁtﬁlh&e deMdrzb it hgtocess, in

30 conprises e.g. a crucible to contain the nelt, one
or several heaters of different types, as well

thermal insulation around the crucible and/or the
heater(s). Any part, if hanging down fromthe top

" wWisdobs/@ks7t he vacuum chanber and with no srgnP¢FE@ﬁWmmﬂ”

contribution to tenperature distribution in the

.cruci ble, is not. consi dered ag bei ng part of the

hot-zone. 35 In the follow ng, the term"furnace" is
used to refer to the conbination, which the grower '
)l g gdnodonzaptratidroofitht aysitlh®he gaadidwihithviciarty of the melt surface

Ch%gtqg %ﬁgcq C{Bé) re@%%%ah?ﬁ ?&% 'E)f &3%% g, BR9O PR containing

r'owt h as such.

M/@mmﬁp@qmahz aecth @aezslarm?qﬁ fgﬁ &3, {FcRRs Ggnirqlipg the oxygen
tc%ﬁé&u:ﬁ{dﬁ%lf Iﬂ:leerystafmrpsmhplemwgvmg@i m8ssiflosbpregifig the melt surface

%‘icf {[XBIE@%’ leg é"‘ e%rcoe gge% c?ﬁc%eé@&g%{ﬁ @13 1 L for a

@) e Crdal ghp! wcoibibe nammﬂnrqsénfsﬂwen §¥YF@1§t1§r FEbe A large
tRGidalof ‘éhﬂ%@ coﬂtaﬁmﬁ@t‘iorm Wk FiOmPAE tdabiitindtiekyedd@hdév@forating SiO
o %q‘ﬁl&s ﬁ]&ﬁ tg%t}reﬁteg %i?q D& %gat \%Srgrg%c% t%ee%gﬁ lfttﬁ)e gas flow

aﬁuwsmm mcfeasmg thseeirbbm corsertimtivrcel] thymsiy prybibe crymil. ‘
E'Ejj Cidal Eonsm#g&c;h Gﬁﬂseafeﬁéceﬁ |B§ eﬁiﬁbdlmeﬁtﬁ off %esﬁﬁéiﬁl@h Oe[ndltﬁe related

suscep re ers. to the, cr.ucj
o8 i be lowas FURESFBITEHF HSAILHIE Of BYHS Rt ripsporied by the
rgﬁﬁﬂmémwkﬁd@i@chralskl-type met hod or process, is

not limted only to a nere pulling, but rather

expressing a rel ati ve novenent of the s ed 10c¢cryst al
D g ﬁlsgh e method or a

ﬂi’éﬁﬁg?t GI'Y%J‘RIV&E tp]i%et g [$§ 20 t% %/el &r&{lﬁaéontmned in a

€ Crys

. parciblé, fisiglevinh e cgrstaheith trm@wet@e @pﬁmtbwdh@ swe eryptal. j 5

used to describe a heater that is | ocated bel ow the"

| evel of the 15 thton1 t cible during t .

&1 gt loyring, ke Tt%'ay ug%ﬁﬁg P to %aérralr}gel}l&? Fhat comprises
mmgxheEMymgn$ﬁmmnmuﬁhEHM®nwmﬁhnmmﬁh@aQéhmﬁwﬂﬂaﬂﬂeaﬂ@FHWhﬁws
;f IVQ&I@LI% ?ﬁl’e @ﬁar?(;erst bR nﬁ‘éaﬁﬁoqﬁlr@vl@éli SfitabRQtdiSsphere and

”HJOVIIV 0 over erm .
psqﬁri%e?ethﬁ&wh chpwbey, ﬁ%’é{?@?ﬁ R A e e gt orcible
@ﬁdHﬁﬁxﬁmﬂanEhempm@ﬁmemmﬂnﬂsALgmmmnaﬂﬂqmmwmﬂahosmmﬂﬂaéhhmnd

S Wk f%cﬁ gc?wérr&u foll 4 Qé%,lrlﬁzatefs diRE t%‘;ﬁg Welirol system, as well
o Medi um 1 n under - pres
@@n@nﬁﬂ%ﬁgmﬂ§$Qﬂﬂhrﬂ%ﬁmmﬁ%ﬁﬁﬂg extends fromthe

enpti ness of outer space to the conditions of

%%W@Mr e | tormg, her § hedlo e?e‘cféfr ! 'g‘uéhe b arrangement that
I?%f L0, 18 W el ands 3
aompnge thermecespabbastsofisido obtki v mgragwm @harﬂbﬁr that are needed to

bﬂgta@ ﬂl@ﬁﬂéﬂn&lﬁr Q:H;nﬂovtr fbﬁrtullqiﬁéal'@ Rk ane H}@tal %fdﬁth SA hot-zone
SO.u S e or. C er at |1
RIS et COsG I S0 1l Ot o SaPap AP Of diffrent types, as

wetl |tﬁamﬂtmnﬂm],onratomlﬂeh¢¢ry@bla endfersie heaarGy oy 1ol ifhanging down
58h BleSR ?)“{3%? cﬁt th?om?agﬁrﬁecﬂaﬁﬁeﬂ" Qﬁd%ﬁ@hﬂoﬁ@ﬂﬁédnt: contribution to

préssure Ja rout, channel r.a
Ieenurs dibuSoR he PRFEIoais gt e peb R D ARS ﬂrefﬁ?r-aoﬂe-
that allows it to flowin the passage. So, the

%0@.? ge]Logvgﬁ% rtl%u o chﬁg’n%%” ﬁm&gfoergfei' F’r 9 cHAMRAEN, tthe grower

omits one’"en

ambihediot-aors, fm togpther, t&pd w t‘ﬁ‘Be WRngaRd; Wd@?gerfqlrfﬁrc power,
vl aﬁlgas%yrtaﬁy IR6I5o hided fetdRmal bparh mosual annul ar

space defining a channel, which is not limted onIy

to co-axial tubes or cyllnders In the sane way

coni cal tubes, planar plates or rings may al so define
channels. A very | arge nunber of various channe

" shapes may be devi sed. Channels may al so contain

granul ar, porous, 35 fibrous, or other such naterial
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According to an enbodi nent of the invention a heater
may have an approximate cylindrically synmetric
geonetry relative to the crystal and/or to the nelt.
However, accordi ng to anot her- enbodi nent of the

w@)ﬁgfnggg the heater can conprise non- syrrrrer(ﬁ/ﬂaﬂﬂrﬁyml?

nmount ed heater parts to bal ance the tenperature
distribution of the nelt and/gr crystal . According to
a-further enbodi nent the neans that allow adjust nent
of "the geonetry between the heater(s) and the rest of

IE%J‘?BHO\H&B Qhe ﬁ:ﬁﬁ “HE6iie” AFGOTing §edsel saitabdsion dimimining afcharge to

b ST G PGP PR ot
b:@ucﬁl’ila agBok b fine shmung of the copeibies i nof @@e@@se W@Y@mﬂ out.
&ﬁ@ b n@&sc%ﬁﬂe fibs Qétentulélﬁ th RMENYh 12QBptaih RRET |a5‘cn£liﬂﬂ¥ls]££@€ti vessel.
a

. Zone uct ur or_ a Czochral s [
i Fippecpianyis taedpiemechan gl uapecy it ppnigle SR Btial Bl 1t no
tseepit 1sysdd) the lvadr@ teusdep ok ticfogs tcrﬂtmcl‘td@mqlfg ured so
that i) an‘inlet flowis.divided into a first parti al
flow and a second partial flow, é)qéfusqqfl rst

darthd Bllowingwibesergu taawllt i SiigRn thE? -5BP SR gocess: s
%{Tﬁﬁﬁté& 6111 tdS ﬁgil&@ pﬂl@iﬁg’ Ebu Butlsbr ;eipreising? mhgvéaﬁlbvxﬁmt of the seed
sai y insulated shielding

Pm 5??85 t‘?@’ﬁ?@ﬁa& Pﬁ@&ge(reﬂgéa\l d crucible, and iii) -

sai d second partial flowis prevented from

IR BBSWG, A Eeﬁns'ﬁéﬂert’ IihelIsBdibf Y ddvivs thapisCged tu @lﬁquher sources

nmenber 1 n_Sald ion,a sal first
qu ERFIEY, I Bga g‘e,e F HIC)L}))}P g[? OL gy dothgxgpoa}ﬂ aﬂlee the grower.
(ki tiéral “bottonn hahten’fgs asedhadﬂelhba mlsaau:ettat istloqatzd beloviothe level of the

%%thgmtc!}e[ﬁggllulc% 1d B § 3 @ﬂerlg)d ryﬁﬁlcﬁﬁld:hﬁ @host of its

secona _as ect e ,lnventl )

preRiuecRay & Thoriam emrﬂ!é*r hegteg 3 e HeAFL 'ér]?“s"? °"§?‘%Wfr1thf’ crucible

| GRARBFdSIsTEr thbeafthity of indicatigevet. Mhe tanme surfALd heater” is a heater that - -

nf%g%ﬁg{qglsﬂa tﬁlogﬁlglbhyﬁ&trm gtﬁetﬂﬁelmﬁﬂécﬁﬁ uri ng

rsingl'e crystals using the
Czochral ski -type met hod nore cost-efficient wile

'Iﬁ' thé %lﬁdvﬁﬂg Othel #HA U‘v(fla(ﬁﬁmi”hﬁ:fdi‘i V6 taapasepal mbdipmi in under—pressure '

V@ﬁ%}s of tgflt&g? @Farr bon ' ?raénttif o&%@ﬁl@&tog%ﬁepgwacﬁﬁqhe conditions

anﬁ @éssntlélsf nmérmosphemawe@ﬂweaé 58 CwacyER chapper” refers fo a vessel

- GASbs %&Qﬂg%in%&% able Qﬁ‘o%iﬁéﬂi%goﬁndfdﬂtﬁ trédiStaintg vacuum around the

contrl but the_.co onh_-and. £o o
&Srusthls. i Tdey ?ﬂn ﬁsr?gﬁotusafﬁéoféﬂﬂl %@%"‘m@g‘h@ﬁ I8 PPRE q‘bl% iy m*‘g‘gr%un vacuum
afier st justf minpemadidicativos kif thedrsta) gmmlmeﬁm?é galls for pressures at or
GRV" thPhSrkags &ﬁgfﬂﬂ%ﬁcgﬁgﬂe.c}’c' e time of the growth

pr-ocess, as we the investnent costs of the
fur naces. Apart from'i nproved cost-efficiency the: ‘
mkﬂeommwﬁnteagescmnﬁelcfms fldiely egth a6 ghs, Defersdasepasiage for the

S BeCaloy<y B Rk BARE ° PiBlde™8o, tﬁé’ghaﬁfi&e&%ﬁt@ bl Rftibodied in

OWt ace

boterat grays. Fhout: %canéaegieﬁg@c} @}g@gﬁ e éqoglpl[sﬁ Que eﬁl othex end, but also

hPIHb Qﬁlﬁ:rs hﬁderfﬁbﬁlh@]hﬁ@ bl sPTCApEy th shek ddavimg aandnular space

ﬁg‘%‘ft&‘% Fﬁhg!g%lﬁ %%ﬂrlntéf} % %d &lgg' f%t roéa%ié% 'h.g) % [éleé*ihltdefs nfuothe same

' Inay coning mhm,mimn phtes,openpuneeal &1 dsing Plapels- b ¥ery Lyrag number of

t‘7%t'i rrﬁa H: Qié’vi@ﬁi. 3 EMncM) tha@ Qddo- &ridis igedular, porous,
aptatign o _

t change in the crystal
GPpLE ot eAS’ﬁPé"\‘ﬂt%’? éﬁ%‘f‘? &1 ci ency while
mai ntai ning or inproving the crystal quality and

Hhe tﬁﬁim%hﬁbtﬂje dtm(n‘iI %ﬁk@%ﬂl‘; ?é’jﬁm@ % %ﬂv@l& sl tam@ﬁﬁtb 6f &ﬁﬁﬁ’cal glements

y usin e lnventi are
ptker then fieon sonsy seis o Bledhargs I PRTPHICH {5 BurBh et ovtealy
crystal grow ng furnaces, w thout the need of.

expensi ve nodifications to the furnace or without the

need of expensive additional equipnent. Enbodi nents

of the present invention provide the foll ow ng



t hus reduces the cleaning work of the hot-zone parts

and of the growth chanber. In the foll ow ng,

enbodi nents of the invention are described in nore

detail by referring to the following figures (FIG)

are shown as exanples in which figures FIG

lillustrates a Iongitudinab section of a crystal

manuf acturing arrangenent according to an enbodi nent
to groip {AelV orv¥ein the meriqeliciablemficlamenisagnsstheis copeereragion ipthe melt
may"_\lfa@ ﬂroi:nﬂefshﬁad'l@.ﬁ ppbgart e Gilligh)l dpustabaiteispaem fetiaétiically

o) i.n r .

ety GG Bon A Bl b dU ) R HEURTber o, Jf o
propertics thein| qleestiqal ensiuglivifaogjcpnqugtiyifetype 9§Qh5|me t and/or the crystal
are dfdregfedct Uri ng arrangenent as a | ongitudi nal section,

showi ng a gas fl-ow routing in a hot-zone according to

an. enbodi nent of the invention, FIG 4illustrates a .
Accerding; fo R GRRpdinagnt plnthe JBYINICR P SFFehBeMElYe Dh 8RR Ry mate
cyligizisally eymmotuicegeoinetra rélotivez onthe depstag apd/et @ the melt. However,
acco?dih%%t LIRS anblRiAddt &N dfe YiVeionMRRUh&R&rUEAN Gomiprise non-

ar r angenent th an additjonal, gas flow r.oute.in
Y3 g BrHBISF Gl 1 e P RaP R AR Ej ohe mel
and/chetrgithl. Ancarding tad furthaudraleadimen gheameaap ey adjustment of the
geoth@6) B&ivBsh theMRhreA ONBdARE rdEBDIMS tHoRkdnRYarei Uséd. A ccbRiitng to an
: buglg%r %ﬁrf\ Ofv ttri]e hanft:)er tl n tahebea(r:}{a%n g&@vtee two growths
eMOGUESPHCh "t SR S B PR Yo" HE THVENt ron, CFl G, STOWHS:
Accqtidinguist ancebodimenhthe gomethanebe changed mber dyging thg ngowth
prock&ye hot -zone arrangenent according to an enbodi ment

of the invention, FIG 8illustrates schematically a

~detail in crystal manufacturing arrangenent

Accerdimgrip 94 it amcddd phealventiont hesrie Prasidegiar o zeng structure for a
CzoéifryIsktiatrystaingRiveh Scorpeicingi agmeh @giopnbadicient and at thermally

insuia[b\ﬁeghtiélﬁ}lﬂg member configured so that i) an inlet flow is divided into a first
partial flow and a second partial flow, ii) said first partial flow is guided through the melt
region, which comprises a region above said crucible and between said crucible and said
thermally insulated shielding member, and a region inside said crucible, and iii) said
second partial flow is prevented from interacting with said thermally insulated shielding
member in said melt région and said first partial flow in said melt region by guiding said
second partial flow along a channel inside a structure of said thermally insulated
shielding member. L

According to a second aspect of the invention, there is provided a furnace for a’
Czochralski crystal growth comprising the above hot zone structure. . '



WD 2008/ 025872PCT/ FI 2007/ 000217 12 FIG 9illustrates

as an exanple a flowhart of selecting the suitable

hot - zone parts for a crystal manufacturing process.

The drawi ngs are of illustrative character to show

exanpl es of enbodi nents of the 5 invention w thout

any intention to limt the scope to only shown

enbodi ments. The neasures &f the obj ects shown in the
Embddiavdntsgst the smvationnedesibamanirfacwcdag ef sdRebatduvter sipglasrystals
usin%%he:: DA Ape: metM&d Iof@bost-cffltRnt While MR aining! G iiPebving

r Iovxﬁred re | rel%tolontothe tual | Cat'lonsldf

the GSystq] Aty B IEPec Hcb & FARPBIEP N GP BT T AT MR S for
the cofstal hebgsadwes sush atdier gsavaferstiherve of 2s mipeksicdeVhegost-¢fSieigncy
of p&a{éaﬁoasommlo { %fcohilfﬂib@{éd,! {:.gy 8 tiad éciﬁﬁmﬁﬁwﬁﬁ{ndtc@st ofbele'étﬁcity,
. —Jindicate u osl tiqns _or eir changes ut
iner 58 G0 OB BN HANDt of PR SoIR S Iy Plfoedures
contibytingttp dhe totaltcvele giapserl b cugilpredses @ allrigdydhe investment
costSfam@furddss a skilled man in the art knows that

al though in sone exanples the up and down are used as

directions related to the _docunment paper orientation

Aparg framoimpagdisest-aSheipneydig LHpMEIE agrantdess giegopdideredin t he
(a) DeakasdeVieelddht ypwandngovmioare rel ati ve neasures

(b) rﬁg{eﬁ&{] of ?‘l'gtp?%{fe@icgl?»i]fgt?ﬁé 8] Qﬂ;enﬁ(fg éﬁ@l—tg—rj: acl:%ot-zone parts,

I on i ~Various enpodi nents of the .
P-BvERICTE graghity negs pad um?lfaﬁog Sty uepgrpogps, @roper insulation and
aonblynatbifens teriEfAllcEOSOBESOR PIuONnGF nRREFERREDble growth
?@Q@' é@ﬁ'é@ 4fe FdtSond cdihpdishts dk Sisichfesidiigidadlewed. a

owh ¢ an%er I n an enbadi ne of the j.nveptiqn, in .

(©) Hokemefiruraalinrape sy rct"s%%}ﬁm@&%ac‘gl%‘iah%‘yS%ﬁ&"’f‘z"“e to a

viingé inathe crisatididmesr.Aghidvingdiegict edseefifipienggawhide maintaining or
MAGHA t}{é&gﬁ%zlqﬁaﬁtﬁﬁdﬂ&yﬁm el as rotation and/or-

@ B8 G S P, S R] pEESH B which
as far as reasonably possible, compatible with standard crystal growing furnaces,
without the need of expensive modifications to the furnace or without the need of

expensive additional equipment.

Embodiments of the present invention providé the following advantéges:

(i) The hot-zone of the crystal-pulling furnace constructed to have a good and almost
continuous thermal insulation, giving improved cost-efficiency.

(i) Novel inert gas routes in which the gas entering the hot-zone through two different
routes, giving improved flow pattern, so yiclding an increase of the lifetime of the
graphitc parts and crystal yield and quality, with relatively low inert gas
consumption. N



25 Although the crystal has been illustrated in FIG 1

i'n a co-axial geonetry with the opening of the

coni cal menber or the crucible axis, the crystal

and/or the crucible can in suitable part have a.

different axis of rotation. Thus, according to

anot her enbodi nent, the crystal can be rotated al ong

an axis that is clearly o Iside the rotation axis of
(iii)tP[m~znmet dtsignrand xosneofiont igthe ralatebpatsantiichbrallowe thedifting ohhot-

@Bhec'u er Q@s J:ther Mﬁfe‘Z{bﬁ‘Gf e idin SHOREH BRMtbePbs tR&rower,

tated to provide a
dadiiingarnim erbSnaf A he b et al
- (iv) Adeferod e aldowiog am@wbp@tlm em@he eryatal @i@@fbﬁer ©renothpediameter by
%ﬁME/toﬂIan giwg%xbga fPlctkiQ8lyishall @80 Bekpensivé PRt B e Hab-zane.

(v} —zar?e (%ﬁigp' 3¢ (gllﬁg Qe;xr(i)lf%getll?c?l%)te(r:gtiil Cl'al%rel“h@?cﬁ %Jﬁlé %‘g gﬁ;%a?d}dm gto
eneoibpflicmcannl the ipvmEee Heqps dlpq/ﬁwép iclpan ang gasiysiseessibleg and
elashedicheths chhrtihg aotk difies lentzoengidsand veihe grdwth chamtzn.

In ﬂ%g%ég?\glrﬁ%n&{lb(;Melﬂ%fa%fe 11%%&1&?51‘6: Qi@sc?x@@@ﬁ{ fabre c?é@aﬂ by referring

I Nt on
o ther{gligvapg %svré%(ﬁl(ﬁ )GEe $hewn s prangRles lﬁévr}é ﬁtwe%u | y t he
sanme as the angular velocity of the crystal, but

FIGSi | ght l}Ms@étésf Erl&:i‘%tuﬁﬁl Akl .auh '?)@ aV Efv¥aP Irr%fa@tluﬁﬁg Vifrangement

ace .be Otilized for a

mat er| %ffwfd&laot@ae %lmef‘&%f& e%%\?@r a skilled man
FIGltbtheﬂhlsﬂratesaalalcbmldfﬂ*“l{mltlméleéwbmerrents several ways

FIGL® CO ”Hlu@t?atesv\% Z0QR{A2 55 7a2 QQEIEFE@QQY 82k fur g arrangement

rotati | bI e an
- crystaf W“?Q‘g‘ﬁﬁeﬁl%ﬂ)ﬁtﬁ h?tf?gn%%totﬁéegegfou tleh embodi nents
FIGo} t heillugtyases a dntail mdmrmtﬂgnwfa&nlr@mdmmt gsfa lppgitudinal

| nvent kRfen,t E}%vﬁﬁ‘@rﬂ) ks Yldvasoatid (%0@1‘1 patal’ﬁot Féne t\éﬁ@i(ﬂng he an
I recti on on e

5 top re e_shown
medi a. E&I@ﬁ%ﬁgé}elﬁwn%g’ilso a bottompart 1 c, but )
FIGnht netlbsiszies ¢ getail dbpraptat Ban @der@gp%rrfmg@rﬁentﬁ&hw gas flow
Cr 0SS- fREksiiPAheFzonk desidn, the left and right walls of

FIGt g]e ¢ hﬁﬁpt?z{tesla aétglt[ e Q%Etgﬁjglaﬂ\ﬁfa%;u{%%?ﬁ&tlﬁﬂi &Rh&ifonal

facil
oper at E@rﬂ%@uﬁﬁnlaﬁf}ﬁ%l esighrospher e of near vactum
FIGagcor dilhgrites echematidndlgi reedetail Boterkseadt mamdantatingg atrangement,

anot hef, &ARR HBEDbnEM R MUelidn &ratiRB B AR TRl Ppef Pt of the chamber

in the arrangement according to an embodiment of the invention,

FIG.7 illustrates further the chamber, its upper part and the hot-zone arrangement
' according to an embodiment of the invention,
FIG. 8 filustrates schematically a detail in crystal manufacturing arrangement

comprising an adaptable hot-zone for different crystal diameters according
- to an embodiment of the invention. '
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- 10 over-pressure. Chanmber according to an enbodi nent

of the invention may al so include nore parts than
shown in Fig. 1. The shape of the cross section of

- the vacuum chanber in Fig. 1 has a rectangular form
YWovwewesss7azshown as such only for reasons of PCT/FI2007/000217

sinplicity, without any intention to restrict the 15

shape of the grower chanber. 12 the corners of the

cross section of the cyllndrl al or tubul ar shape can

be nodified w thout |eaving the scope of the

ipgent i oniufees bs b gxdniplan flowbledi efeslectofg thh euitable hot-zone parts

. inventior&fﬁt he %%Etf £&E§1§é ghd/or the top part la

can be ‘a gmant of a sphere or
anot her curved shape. "I n such-an enbodi nent 't he

E@&Mﬁ% ok dhanbeidve rEhaﬁdilefJ fio sy pastslec af cobodismdts of the

: rect a her r dj t t
Wepfmpewltb Ot 128 01]11 3 @% cgl%t L(J Hﬁg?ﬁ?gﬁ Egnﬁl{ﬁﬁ'nents The
 medslires qfﬂxetobjebtsathe@n mjile mmnas erepet wagpssEy i scale- Bel aFYP terms as

T“H Hﬂi‘vg GRas nﬁﬂ’t oﬁsd@ifh”exﬁﬁi@éde , orswakdresre Shaplaton to the
as arre e_srapes nstance al; e

st iaiom P Bnpuet: RS e 98 s o e

@a&g thefeof, a6t U e tisdtiubdy asemm i awHllvststies menner to indicated

B e B v

o 'kﬁoﬁ@&aﬁzﬁ&ﬁ@{ ) doﬁﬁlﬁcbmyle@ﬂﬁmpl meé dobutareusil gnidirbatians related to
| t%ﬁéle @Pﬁg@tﬁhagerr(gn gnialgx\ég angfc 9%#&%%‘?%& HJPcecthﬁ lﬁ??lﬁl ﬂr ®f the real '
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- Ratt paes? pierenbats

0SsSI e center

dpeice the @piand tidwen miau@@@éasa;tes bREcRbFRrE bR ?* are movable in
‘Qﬁﬂiotnsco 3 otiRl VAR 3RbodiRkktslof the Bivadtiva iy alditktuitized in suitable
away. fromthe crucible centerline. 30 Fig. | also

{8t es that the thermal insulation is extended

al |l around the hot-zone, except for the hol e above
; ' PREFERFYD EVBODIVENTS,
ﬂﬁr%hénmﬁﬁgﬁhﬁﬁ?g)ﬁgycryst al 4 is pulled. The
openi ng" can be inplenented in suitable size for the
Q“ﬂi (St ifthstdidd Yhel ingide oﬁa@dmethbe;rnmm ehborhment of dhe impenjion, in a
tight fit t t il W&bh BRI VL& ohRpsi® clectricity,

I%g{ 81’ n}fnné% Io‘ltt&ﬁvoﬁr Mt @ olvn\%& ppiy

conlca

| 'gms uraves, asheticinldsasivellag éotﬁtf%*&rl&?ﬁ% of 5F 5 %F%P"m 5, andfor

ehRfid 068 1B 6t hehwadogassond ef sithidivity.er , these hol es
are kept as few as possible, as small as possible to

reduce the heat | oss throu(glp1 t hese hol es, but at tht% )
eliugt ive ciysteljers dnendhistraedin TG hine coxaEhgeomatry with the opaning

' %gg%/ ng hal rﬁﬁérrdr%&%élﬁﬁtmsnﬁﬁfbaﬁtﬂ ahd/siUghp ofticibld@n in suitable
5

L2PCT/ Flzgggé“?"g‘g %5614 el ?@%éﬁéo&m&% the crystal

¢S on
exhBelfdtatedSitong amnabds mwmmlemU@nmrdggth@n &%is @g %16 rotation axis of

\th%ckrﬂgﬁﬂ Q79 -tnd 9@&%& Ak Ure lﬂmam&c@&ﬁg&o 28" embodiment of the

e o s Ea) (o mShe"STBRpmEeEin TSI Ry oo
Mcorﬁﬁa@ i8h me&c&hﬁ:nt efthe hrelent[mi &m@ caisbgrptated in respect to the

Sue tCi}l " n%%—l gfgés?nonbo%‘ctﬁg cifBible. Accordmg to an embodlment of the invention
the crystal, melt and/or crucible can be rotaied individually or in respect to each others
with a different angular velocity. In an embodiment, the directions can be opposite.
According to an embodiment of the invention the angular velocity of the melt can be
essentially the same as the angular velocity of the erystal, but slightly different so allowing
very slow relative movement at the interface, to be utilized for a material to be crystallized.
However, a skilled man in the art realizes from the embodiments several ways to combine
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RSP

5 the i npedance of the heating el enent and the
associated capability to transformelectricity to
heat. According to an enbodi ment of the invention the
heater el ement has essentially a pure resistive

woongmessit to its i npedance, and thus to the PREAI2007/000217

obt ai ned. According to anot her enbodi ment of the

i nvention the heater has a significant inductive
‘conponent contributing to the total inpedance.
According to an enbodi ment of the invention, several

- 1Gatireak movesheaireol the anelt, lseucibdednd e cgmta:hvngmnb tegving the scope of

beAtdnbadRMB T e ihbe@ibp! € and/or nmore precise
adj ust ment ‘of tenperature dishibution. The heating

power -can al so be produced sonewhere else in the
Aetording ¢o amembodimay dftheinventivogdheelimtet 1thaea top part 1a, where the

bR Ny 13RS EBWdﬁ' ﬁron]tﬁe ﬁé&ab?hé'&ragnbgphﬂeﬂéo éggttom part

, e and/or the 15 Accord
iﬁ%&gv%@ﬁ%esw It & éepﬁﬁ‘%ﬁldim@d’aﬁl lé’oAEthg &wrS%r&e@nweaf Kig. 1, the left and

(ipiott wailsovitihe cleambee 1usedroaidett hﬁﬁ:ﬂﬂhﬂg%w fndivater = Gicitity thopen the

I
Qﬁa%gt%e% Fﬁuﬂﬂpﬁb@ﬂ%ﬁ 34‘1% a%&? r}a?m?{gh&ﬁ %{ gézag \rql%c%h%m according to
eréﬁnﬂnb QAITREE DU feﬁcc@ndmgr?alan@f@prd%quww CVeTRiR eegortstd@rably high
bRk &birag cmaihbsr aobeﬁu@tura@I enftddinSen® 6€ el Péhtib® nid¥ealso include
i nvent.i e de qu in such a manner (paragraphs ,
@1 ?m%y% (1) ‘They are located inside of -
't he hot-zone |nsulat|on that is, their tenperature

The Eliaﬁ@ of 'tl{é &rb@ ékisdnde e Qﬁcﬁlﬁﬁcﬂiﬁibﬁ ﬁngﬁgol Bhs ereoltﬁ%ular form,

ocat

ten
Bt Shoy bR Do rgosope S et it R foiention to restict the
sham:) ef #teugrowiss clgmber. 880, 2 cordere abs e croskesectidre oﬁﬂmvc@rhndncal or

| ext o EQ %P&et ﬁg@gg(g{vﬂ%ml%t(le;a)vpyiﬂ gnoF:@&f lﬂ?i{&éﬂﬁcﬁ?tﬁsccordmgto an

braupend of figrpventgon the beftem part 1g and/ %éop@e#éacambf‘swrpmated- :
m*gmm bihedphtfear aasthdrtdungd Bk, lncmsh insersmiihent kecurvature of

{b Boiton %ﬁ&/‘oi’{bg' pallh Sy ﬁé P%]elaee 3 t{?anc 1 ttﬁent%%{ fadfdhidn %ﬁl back to the

W@@fdaartSoOE t&rav@rnap%oﬁm thadiofteonst Thgemidgle. pashab tdges not need to be
@litn&hﬂa@ as hhfh@ 4B bwh RexbbdisichPds ﬁlexaﬁ@kﬂ_h@ﬁ &h@fi\zﬁssﬁch as barrel-

A% 6L ip ey BB RE €l Tttty Boiom par 1

ipglude hél}vuhtr ecciion cashodpwever.tthese @mmealw havieglesigns YOifeno tubular
fowmdary between the hot and.cold side nmerits further

-coment. This is the | ower end of the heat shield

above the nelt, as shown in the exanple of Fig. |b.
If&g.i Inthe crystal addderB@blarmentodines arg depibicé heib&Sh afinpledine. This is the-

S R3hd ?a{cnéé %uﬁ@ﬁgﬁﬁ&%ﬁ sk i3 tﬁegeeﬁueé\ égms of fhe crystal and

P efer o0 reduce t
dhibr s aalelis flst a%igf%rﬁhewamsro% % © ppratEs igring ‘W&h?ql%ﬁ of the conical
me‘thbﬁ (part313€y 31, and 32) could then also be shifted away from the crucible centerline.

Fig. 1 also demonstrates that the thermal insulation is extended all around the hot-zone,
except for the hole above the melt, near the centerline of the hot-zone, through which hole ‘
the crystal 4 is pulled. The opening can be implemented in suitable size for the crystal 4 by

- the conical member, which has a suitably tight fit to the crystal, with a gap between the

crystal 4 and the conical member. What is not shown, are unavoidable holes n the
insulation for heater electrodes and purge gas cfc. However, these holes are kept as few as
possible, as small as possible to reduce the heat loss through these holes, but at the same
time large enough to allow the passage of necessary eleciric current, mechanical support
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shield 32. Furthernore, the contact wdth in the gap,
where there is no thermal insulation, is kept snall
preferably 2-8 mm The inner shield 32 may be hangi ng
from above, WD 2008/ 025872PCT/ FI 2007/ 000217 15

wacooradssTg t o an enbodi nent, so that this snBCI/FEEEy/000217
remai ns open everywhere. The inner shield 32 may al so

be supportedlfron1beIOM/on spield 30, on few

predeterm ned snmal |l area spots. O thére may be a
non-dusting thermal insulator placed between the .

Bhite) Iiiﬁtteﬁ@ AaNeEIBas thenregiiedrreress sectignaionithy aviee e evhawst. Small

a&gﬁf g&blgﬁ %¥ agé q?l_eb %m% {Dﬁr@ﬁbeﬁﬁ@ﬂ tbeasurement, or
&ne from an cont ac

mespanibd SV IER oF STRARTT AT LOR St HBE R al') P&{h optional
BRogReR! H? mfe T.l:fe rh:hﬁ heaistant boimplementedisen q},q;qnmahhg@r based o
%ﬁ% (ifftc’f f”‘%ﬁt At %ragé&ﬁiédq"@%%'t? & transform electricity

actory nmateri e use _
iy deeruding Itmalaﬁnb?ﬁe@aﬁltr?é e Iy EREoR, g??%% ‘?‘ﬂ’é’f’ prgprtially 2
bR Wslive Boﬁﬁcfheﬁﬁto&tsf @ipgathct, eniainexiohhe et kmlbtamed According to,

ac c or d| the,parts .of t
Pthep gut &h taPJISE 2 16v]cgt1on tﬁé’] eeaﬁégn}%até %gtﬁ?g %u‘?%&ﬁcﬁ&r componer;;
ajnaﬂtuimg tdthe wtalempgiange 3 @:d@g tp Py FPRGHER eemvenhon, sever

-ﬁéﬁ ng & BRI uRdd Rk Mo@h&nhgfp’omf @ Wlexible and/or more
eria

_ 80 as wel | uI l'ing mechani sm 81 -
ﬁfﬁ?léﬁf@é‘&uﬁ@t Bg’feplp?ﬁ@r%ihﬁg’gﬁtﬁ) fromthe nelt. The

rrechanl sm 81 conprises in an enbodinent of the

G n%%%ﬁov@erm Eﬁo 8t {35‘6@9@6@ sbﬂe{vﬂér@b@e i@e ﬁétyﬁ)haJ Acddiding to an

ero

ati o
@hbndg@ﬁwot“ Fhetipyrgtion, holfg bg Vgcf gpalge? 8 8farBPhnd/or the
ABRBNRECRADO LN AFdmiboiheent bﬁ/&b aiventmnealsocafﬁurfa@eehaa@f (wot ShOWﬂ) can

> f\%eléllt a[%glﬁ [ %@Ws&%acte A 1@@011 L nt it SR an@BP L1 16V & endldTqhe growmg |

rotation Is opposite to that of

' crystel bl e rotation. In anot her enbodi ment, the-

directions are the sarre 20 The results of usi ng the

st gn, SSherEticoal LY ShouR Sy AAHCRLuThRbctvity thn

r consu Lon I'n_the

meaﬂeﬂsmgymdﬂs Sireptie pWSo@cégr@@t pe PRI P{%V\%@Sd in such &
" ?#gﬁ gquh@(gm q&ﬂeﬁnacst al. Electric power
| 8\}8? 'E]lilgrﬁﬁ ?q%tpg uog.z@j z&%éﬁg&l%‘ﬁ ad 1{ tﬁ%ﬁj Sfture is high, in

nNo 5pecl a asi s
i's ﬂi&twcﬁ}ﬁtyeffftha:mdnngpMB‘rcrféhe inptetidl DEING ZGWR. t he | ower

?g drfd oftfhd hbhﬁ‘oﬂé%éu%ti@ﬁ OMA théie tdmctatale is several
con a| n a 2

roper| |na tedhat shi el d. As
blxﬁfﬁgﬁecuﬁ qryfhs @8]"“;3’6%@” 'n of a 16"
t TRGB evt blres thal exgenli®h hﬂ)ﬁnmﬂ@softﬂmnﬂqunahk@sﬁhﬁ cpgible shaft 13a

orug ot S Sk ekt ﬂ@i@ﬁllﬁﬁglﬁ‘eat Emggmau
éﬁ;ﬁ lﬁ%&ﬁ?@g?&ﬁ%&‘ %}@F%}/ aﬁ# \ﬁlghthe distance

DRt e QRR nesdsUs travd fidhamEiless ke hmtzoﬁ@ﬁ} &Edayhroughithdinsulation.
continuous insulation as shown in Fig. 1. The -

anticipated heat loss for the 20-22" hot-zone

e300 s Gondeatihen SRS 2685 pEBE 1O GAOTF B A B0 & o fom the
%{jﬁ 1oYiRE c%ig 'sidObutA8¢ are Hhe siefveitthebxdnpte of Fipcl.ebde boundary
I nsu at I okg)'t]ap @gﬁgp% ven Cl S 2:5;01'?1;11 ﬂt{wq'hﬁqgﬁ{edlgﬁv%r end of the heat

ur ge
emhmmbvam nhdhe ab elatver metlhe cxample of Fige 1& ew@irer f]@ﬂd 32 and outer

%gfd foo&ethﬁausgﬁ' orh P 2R &ﬁﬁ:ﬁ&ﬂ% d @in gd@%mtdferﬁﬁﬁWZ mm, in

two ex or t he, pur
opler soreditiig Bovd RSB S Bt 01 A0S Pap TR B Rl colder inner
keataer. ’ghdwers G doheciadidilt indhagap, where there 1s 1O thermal insulation,

is kept small, preferably 2-8 mm. The inner shield 32 may be hanging from above,
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bottom heater, i.e., total of six electrodes, and
four exhaust openings for the purge gas. Each
el ectrode and opening has a significant heat | oss
associated with them which heat |oss can be

wu mbgm2zed but not total ly avoi ded I n spi t e REFI/RINET/000217
- considerably | arger nunber of -

2008/ 025872PCT/ F12007/ 000217 ﬁ% hard t o-avoi d
openi ngs, the total heat loss™ s significantly | ower
than that of the smaller hot-zone. The insulating

nRéRbinglo 4d cABBIIRRND EO HHRC tedsaillg ﬁﬁﬁis&@e@)éve&ywhere The inner

h A | a

S 0T P e A0 4 e o e
Wews | Qnisdrovadylessa neredusking Bleanaldnvilatorerleost) batveam fhe shields 30 and
app tﬁf Fhichihss @efdistge B%ebﬁ Eﬂeﬁ@ﬁu&lﬂ iha? alsd Be{%mewhat Jarger than
ment. O val ues ure o
Tobbiongi oy Sons 1129 it i i pntiprigicfioney, g bé it fith peationed
taboan Asmbidiitigrenin embodimentnuetiei iovention, thedienert shicke8p is made of ~
tag?ag}hﬁétw%@m&ggxo tﬁ(f}péﬂbodiﬁen@ B! ﬁﬁscus&qna&ﬁaﬁ@el% used, e.g.
ﬁ%&? as that SIﬂE

e cy |n er )
Ry, o et heynal s glaf:amer@ranged to be

rm&ang@biefarcwmmgeo the pluey dfl theha Fotewpithisly foromdous Hngstals.
hei sht of the cylinder is the largest vertical

~di mension fromthe bottom of the hot-zone to the

¥iig He dempnsitates alpp theghalfdeodp 595 I6F @ TP Phvhighytemperature compatible -

' ikdtATIOP biheP uiteKle @ETFcIRp malbHel 30eMY vl as 210y Y Wi o éthadigm 81 arranged

as_the.old hot ne regquir about 30 kW
et e lori o B e mr RS i e e ogpment of e
nm@numysmlanm@;agedlf@ tpiatethe beystabidy amma@@mﬁn’ttthferotatlon is smooth,
?Ml '{18&3‘;1{!% chﬁﬂélvﬁﬂdﬂﬁe |62 tl‘ié“ﬁian Rerd EHIR. llﬁ@notherfembodlment the

| sStri-bution i nsi on un
Pkl SRR oot G B oo ?ft“ii%& bgflnteht, £ Srection of
reesfstah obatipn. fardppesitastot thet widrynibte tretaier. alnu mhd_rt’@'ybodunent the

@C{Ohg%% eonly noderately higher than the
ti ng

‘stl1con point, and the tenperature

differences in -alnost all structural parts are small,
A0 hetlic bNGirghe ddlipnschesaeslly showntie Fip i énditateemajor improvements

(ﬁthr g)%'w\éf" cﬁ%ﬁﬁﬁﬁ%ﬂ% ﬂEé \;vh(flg @ro@gﬁ%gélg %n@ fo@%s Eﬁép§ REm melting to

even
ergreenadoisi pifiernedrystaln Eleegwwé RenSympHen rs rsti%?ﬁfé Py irege than 50 %
%Bﬁﬁﬂ@d RRheue BMzpnddd éne\ﬂ&ré L %iebﬁl entplsiFaxputivefficient thermal

er at ure er,i t he
SPUBED e i e, B 2nt M Rl pihp e oot contain o
;prczp@és snsulaped lisat shiedd. tAxﬁemr:m@m!ﬂ @ tmlgall power gpugympifon gfg 16” hot-
tl?e VRN ES” dedddes tHRGofiN kca ¥helvik damBRY s Gh ﬁﬁ:%t—zone ie.

rmre S t rat edff ence n.t.h
Gp et B oo S Bhefe patty oEE SR8 infe ety about 50 -
fSB dvW iar £ 281220 mmmu@le\mmdamm éO@s—ﬁﬂb i), PHths continous
aﬂ qs E&rwnaﬂdﬁ% ' 10%13 aﬁﬁtﬁ&ﬁéd If{sai ?C%L Gorlthe ﬁ@ gﬁ"cﬁ‘&—zone would be

flﬂ%‘llgl(l) ]th @gﬁﬁiﬁ%g‘%é%‘?‘? ﬁqtgap,a\?g} T’rGWe }ﬁﬁ{?’? ?@’ﬁi at i on

can thus influence the need of rragnet ic field

§ht SRS Iaf &]lér ik Sen? uﬁtﬂ%ﬁ@n 9&0}51@?&%5 %Y@afég 10 ChtiRters examples on the
openings needed for the purge gas exhaust and the heater electrodes. The smaller 16” hot-
zone had only two electrodes for the main heater and two exhausts for the purge gas. The
larger 20-22” hot-zone has four electrodes for the main heater and two for the additional
bottom heater, i.e., total of six electrodes, and four exhaust openings for the purge gas.
Each elecirode and opening has a significant heat loss associated with them, which heat
loss can be minimized but not totally avoided. In spite of the considerably larger number of
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Fig. 1 denonstrates an exanple in a situation in

whi ch the pulling has been going on to produce the
upper part of a crystal. The crystal 4 conprises the
crown, which appears as a 35 shoul der, and the body.

‘wélzbi3eegte no end cone is shown in Fig. 1, thECHF9@FéWnr7

according to an enbodi nent may have one later in the
process. The crystal 4 has b &n pul l ed by using a

seed crystal 3 attached to the pulling mechani sm 81,

which is not shown in detail in Fig. 1, although such
hexdRasaisith opamings) har otk heat fdse xd Higreficantiyllowapbasthapel she smaller

rhgszo?l'é "%1 ?I%b?ﬁa%ﬁ% %{gpﬁ Q%jbgﬁ%?%]agg %ﬁp@&@@ﬂ] a .J&_Zeldmg member

arrange Ismto_r at e
2 e B Sio et o R e s Lpdisaer 11, The
m&ﬁbﬂea v@ﬁ@@meieﬁmples iddehphalisainéntgappateht thitvef oo et lahited only

ﬁ%??ﬁ“@ > 13,1166k 3b to the seed crystal 3 that
8

e crystalline structure and/or the
orientation of the crystal to be pulled. Such a thin

@@gdbd%%(ﬁeydf'n‘i@it li/the ﬁ&@ Ids@pémdftﬁ siHfececirgasdfathe hot-zone according to an

subofi A Pyehes: w00 6 L AR RIRAI Ly §aWulate o

' lshéacc mreeiab ittt 6f a mk@: c;dmﬂm whigh bamthp sametrdiusfas dhe Jpxggst distance
ToB ! s% hﬁ?éﬂal fBMlthé &n&ﬂﬂ{ertﬂ Ftheﬂfﬂ%‘i@hm& h@iﬁghﬁff the cylinder is

Cr ucCi rjals, c b S '
et sl HEPeTBiOn DAL GG § 3k DRSS Py bbbt We
@Kchlﬁdek}:lo@smia thdomaby nEmpedant extemdne Theplcadwidzpre Yeldh12 kWim?, as
tt]{lengld At %bnd He%tu{rég DAGE 3D AP Gilhed deerBftal Qalues during the
o-roomtenperature, cohpared with the melting
getvih opihecpstahbedih crystal . The crucibl e may have a
surface coatlng that conprises nitrides, refractory

ek b S (63000 1 il mARSlss 631 b %?perme Qo inside of

€ 1 nven
wheolkat-zong fsapite ghiforre Tzélrwq@rleth@rdlie o8 Slsistipctupal gefractory paris,
QO RS Eh thapdraited theyl dxPerithbeire Sﬂlytmchieﬁltﬂy @ighesdhard fie silicon

el %nentqs}.gtt’ 2}}@}1& r %Qan%?ag%? ,ff%g&ﬁg%} fﬁlﬁ{spf 1t diGctural parts are smiall,

detwomg tthermebisteasss. Fintiermdre the g@‘rqsne Fwtipw bg silicon Fgaexide emitted
tl?c S?H&‘ﬁejﬂélpﬁnlﬂ-gke ﬁa&@ﬁ%ﬁv&ﬂ? of MSCORbAKR suffadhk,aud consequently

a sin i ece r di 0 an..
@?PE)"OGFQ?EWS ocr%ﬂfl% mate eﬁ?‘ﬁa g Jesg dncayiy” r?g’ﬁemsFm“m temperatures
sepeicatedinr ths silme canidd ateqlsol lower, odich ¢ttends ithyclehgth of the useful
}Eo% SQirnd!BECR, BE cg;em@ﬁserts ARGLG R sEAND R e thd GRtal yield

eaters 11 an and/or to distribute the
me(tdeFRass sui tably uni form manner to the outer wall

of the cruci ble. The heaters surround the nelt in a
E%red& ndrl {-ec %ls ltﬁe %é/nqyﬁtﬁfecdﬁgﬁﬂ&[s in %hd %&gg}et&ﬁegﬂﬁhﬁiﬂgly relatively

small, the melt flows are also somewhat slower and more stable. Thus the need for

" ‘additional magnetic field is reduced and, in the case that magnetlic field is used, the field
values can be relatively low. The insulation can thus influence the need of magnetic field

strength during a phase of the growing process.

Fig. 1 demonsirates an example in a situation in which the pulling has been going on to
produce the upper part of a crystal. The crystal 4 compnses the crown, which appears as a
shoulder, and the body. Although no end cone is shown in Fig. 1, the crystal according to
an embodiment may have one later in the process. The crystal 4 has been pulled by using a
seed crystal 3 attached to the pulling mechanism 81, which is not shown in detail in Fig. 1,

. although such mechanism can comprise a flexible metal rope 80 or a rod or a shaft
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structure of the heaters is not denonstrated in Fig.

1. I'n an enbodi nent, the approxi mate cylindrical

symetry of one or several of the heaters relative to

the nelt and/or the crystal 25 is abandoned. Althou
woh@sodssshows an enbodi nent of the inventi onPQ\F{EP%‘”{OR‘@l."
heating elenment 11 is realized by a single el enent
surroundi ng the crucible, im-another enbodi ment the
heating el ement(s) can be formed by several parts
l-ocated to surround the crucible. In addltlon i n ¢
aﬁaegearm@mmpm, antlioe thremterirgisa tor saterilre sl ngwatgssar;a at a

ﬁJI@B ®brysthk 4 euay have a

st PRl SRS hrothf aebyiuts EhaD e e e

ture, t r C o
aesm@atﬁe seedh i 8 msﬁ%@%@ﬁﬁ%%%kﬁﬁ@ b Blitation of
ﬁﬂ&%etpuﬂéﬂ suetpd thimnednis gipicaln gﬁféttp aake &eocrystal distocation-

d's BULIO0, | Bl B ffRhbem 3PDARISMGRA Lo an

e invention, In addition to the main
heater 11, a bottom heater 12 can be used optionally

- Fl PElioki188 ko stlhﬁdmemmﬁm &t ThT hmciblst ¢ oan bromeds ofglica in an.

egrﬁ)oﬁ%?%ﬁggr : lﬂgﬂ’t e e,gjhbteo'dﬂxge P lold Crid¥Rb GRaterd6 RhalibRGused for a

Invention t tom at er
pzmcube chieeltostiesroelthdr Anepréing t@%vwwdg@eﬂ b4 ¢ patt be arranged
?g.%y epl @abgééacﬁ A d 8fter\iR: %&Q&d&%ﬁﬁé’rﬁﬁﬁﬁﬂoﬁ@@ﬂy ®OgesETto Toom
al r ange

‘ n certain b fhay
g SoRR Ty A ST RO PR O i AP S AETIR, Say have
4 heraw! toming hbis cvhpriws | mibldde wheethy mstals o‘f?ébonar%!}c p, and/o

, c@ﬂ?e &° d?_cfn‘ii'hg ﬁi&%éﬂbéduﬁgnttdﬁ%dm{zénnﬁh w@ardmnﬂm ghblessurface of the

a cruci i
meibleamp ﬂ)el@@ﬂéﬁﬂ Re qnmgg;p 3 ona'% % Qﬁt’aﬁ% chemlc

QMG PRt Shadde deVittkatiprof the anerpb@wéﬂ@e gifasesuppor t
the crucible but also for lifting the crucible and/or

to maintain rotation of the cruc I during.td _ '10
br B@slsl,t iT Wemprrtigtedt alwnthag ﬂ}?s@amh Fsdf; ded'lgy a susceptor

ﬁ%ﬁ} RO Eus@dptdri€ dtammeitol Eig. 18 apsmge piege @m:erqq%{o gy pmbodiment

arts of 1 G‘éd)t mteah‘&ﬁid the crucible. The

%@Fd’i‘vq‘?‘f‘ﬁ‘gr’r{%qaﬁg (Eeat I os es VI Feosh ?H%?rtlsz and/or to
é\cseth o BO atranged tentrodistebral 4o t io

g‘ rhe%eg |Sﬁltabﬂ53ﬁmm ﬁaenﬂeefnb thwd;utelowaﬂ tof gha cimeible. The

Low ! refnd nalthough the more precise
am@a W 3 cho ot of P sioR e FRLELAD |
Hﬁxﬁﬂur:%f shecteaterseis nbodensgnsuefed i Bigal- : @pn?él gg@gqn%) glw approximate -

}:%IU@HF S{&? ‘a"y%% oh® 0%9&1@?61‘ tﬁ@ﬁ&@drﬂmlﬁtlvefo thieenelt and/or the crystal
he” channel can be used in suitable part
ﬁ&ﬂban@@@ﬂng ot her gases, and/or as a channel for

el ectric w res 15 According to an enbodi nent

C n Emb SE@L 1115‘1'311@1{?1“!3&6 andhdaling element 11 is
Sl Flgy L a9y SbOfipdence Aot
P Bt S BETEbe i

cn%g_ %%Q&%@ﬂ%ﬁ deOdral giﬁr’@ll@:ateﬂ tol mﬂﬂm ergcifle. In addition, in

@Qﬁﬁq g gﬁ:":&m fﬂl% ;Zg{ r&%ﬁ\%@gﬁr%%gdeésgngt ahﬁéater, which is shaped to

Fhapas e&cmcpmdstmﬂ girucpge. The electrical current ?ed 1n%o &l heater can have a
certain frequency and phase alrangemant to create a certain magnetic field distribution in

the melt.

According to an embodiment of the invention, in addltlon to the main heater 11, & bottom
heater 12 can be used optionally in addition to the main heater. The bottom heater can be
used during the melting of the charge. According to an embodiment of the invention the
bottom heater can be used also during the growth of the crystal body. The use can be



According to an enbodi nent of the invention, the
shield 20, the thermal insulator 21, the plate 33 and
t he coni cal nenber are nmade of separate pieces, but
the insulators 21, 31, and 33b forma continuous or

. wah#msisspont i nuous thermal insulation. SeverRETHRHEPO0217

10

15

real i zations are possible, and the nunber of parts

may be | arger or smaller thap,shown in Fig. 1. 25 The

coni cal nmenber conprises an outer part 30 arranged to

resi de above the nelt. The conical nenber also

atumped Swe :armentm whatd, o @tingothe ehaimipll, idesulkiageon Kee thermal
hlahiohe 4l ﬁ{yal{n&]‘?oss s QbheR inki8 o8 HRMAIG0fE YRR the need for

ore rom|n5| de of the hot-zone.

'Woﬂléﬁﬁl&iﬁel dr ¥npri ses the inner part 32

t hat gui des the purge gas flow along the 30 grow ng

y | _down [
G R 0o A i oy i g oo
ﬂlhezrucﬂaé@stm Rhespaetts 3 amepgadde é'@@@rt lachut also for Iifting the
&Hélf)fé%d/o@% Walrtaid SothRorP60he @I’ucIUDEEdmIﬂ@Lﬂhatplrdlﬁsso ght iBilation is

8 gtff:g%ﬁn; %rarﬁl%a:llb\éﬁmgqnz t@%ﬁﬁ%@%&%&%ﬁ%ggﬂrf%@eﬁa (%nﬁ‘lg lower parts of
ﬁah apezoanoqudits preyertt hadonmiimiza diedieaidosses vip et shali patfie| According

~ %f%lteg&o'dﬁﬁéﬁlt 3 e %\Fﬂlﬂﬁ&?thg %S‘&ﬁﬁﬁn Aaffih] Jo0ah ®e AT out, or it can be

.n not he
e b ic: h ook . Sohnael o FARRY e Ble shat may __
ﬂsxaee ubel xee mhamaleforannohddunbaal maget gasaitdw indelr tAcadriding to another

?lﬁgovdllﬂgl’[ MY }Iﬁ'@fﬁ%ﬁl El%tc‘ﬁ'ﬁﬁl@l LRend ﬁs%Hllﬁtshfi‘agal@ Bhrt f¥ading other
e I nner and e outer part. In a further
ga9p dingien 8s @ ehaangl fer AleficoMI®onsi sts of two or nor e '

separ ate pi eces. According to anot her enbodi nent, the

RSB PRSP 8 B s 1 s o i

mm caadmoxs@ﬂ togmprovg te/ibemralbalmce tekass drahist msltdﬁ e cruciblo and
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b SRS BRI, S B e possit

insul ati’ on but in such a manner that the heat Ioss

| 'Ahc!o% gté B SBSdiMEhUEnd ﬁv&ﬁi@hlthe émmamemelmaniahrn@mtbr 21, the - -

I nsul at on al I

]t;\]ggeq:t;%éran qgglcpllalﬁ ajé%mg ﬁa;raéat%plg%eé Sb% E}{le msulators 21, 31, and
ash:mndl an@ntitucan oa bineysh edritiveons rifwoaphipsitativh. Séweral other realizations

g%msl (Itlg‘% %Eﬁoﬁ{aﬁ%ﬁl gqg%%%fjlc‘atl éﬁpglrag handliﬁe
separ ately In a further enbodi ment the outer

Uhab@iiel rﬁ&nueh eona afides 33 duser paml30exrrahfgintot legidé mbyeve the melt. The
téod]&rgﬁn%%lgfﬂ % r(foml: ’IL%E{IBJL ]I]Sciﬁéiﬁ)%l% 140 theARS yt lﬂﬁﬂ&e ﬂ{eemelt reglon from

t he |nsu atin

the reghen eof/the griwing brystab andito Tgos dedt loss fropyinside 57 he hotzone. The

conical member also comprises the inner part 32 that guides the purge gas flow along the

growing crystal down towatds the melt. One of the functions of the part 30 is to prevent

any particles ejected by the insulating part 31 from accessing the melt surface, as well as to

- protect the insulating part 31 from the corrosive gases evaporating from the melt. As

shown in Fig. 1, the conical member has & cone shape comprising the inner and/or outer
parts as well as the insulation there between according to an embodiment, but according to
another embodiment of the invention, the thermal insulation fills the space between inner
and outer parts only partially, leaving empty space between the insulating part and the
inner and/or the outer part. In a further embodiment, the insulation consists of two or more
separate pieces. According to another embodiment, the inner and/or outer cones comprise
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10 the extent that the conical nmenber is |ocated
inside of the crucible radius, in Fig. 1 it is shown
as a cone. However, a |arge nunmber of other designs
are p055|ble For exanple one alternate shape is

wehesmzism Fi g. 8. The figures assume a rot at PeHERPA7/000217

symmetric design, which is often ‘advantageous from
manufacturing point of view jgut even significant

. deviations fromrotational symmetry are possible. In

an enbodi nent of the invention, there 15 is only

o eleseivelabipieded Gagh. dyenendingyto iareve &urthen probodimentnihe inen @nd outer

ﬂarts are 6:t1Q6neATH SablP bthes )ﬁEiH%thﬁ gheénﬂéﬁmfr@ @&hpé%le Lfuctural material,

 Bhiamigodt ArRag Chifherol R BRY 5 7 S et g et loss

ﬂ)lnna@ebﬁs dtn‘nidturg it dwenlly Aosinhectibn tl’tlalghrtb@ﬂ:lalm;lal irssithagon allows that the
?cﬁﬂ Q:in Ye Sll[biﬁﬁg fak L3 lé/‘/j}ie?,@ ﬂ?ﬁyadcﬂﬁl ?o an alternative
er na |nSU t

tion hese p ts surround t
erphadingenti of the npeniion SieRAs AFrIPEYEnadr %%ﬁ@rqu%z@mdd and the
ﬁeﬁm dihgulation aﬁa’h@ﬂi&dd‘bpmﬂblyofn i Rethensabddimegt thdeuter diameter of

S B SR 53,2 Y A e e

adshitranebpraris g g@qewéhwwlﬁﬁﬁmaﬁt33éﬁo thieenlindgisal msula’ﬂng part 21. To
ihossttedt tHaf R abhicAlmer6& Qs WHch@d iRidnofand eﬁbimmadﬂé ihrfeg 1itis

ﬁl’l’rrgf\év%natglta,ocgﬂe %\Felggrsg a%é ﬁmnﬁ?‘tgeg gﬁgﬁlﬁ'\%ﬁl eagrl?g g %(ample ong

~ @Emate phape it showimeint Fige8.cTher Bgires gpumhe rh@ao@ﬂy sammemc design, -

Qﬁfoﬁ N | Hen! £OAHhHHLAY % ﬁ:r%u w%&& o) \ﬁé’&' Bli- even significant

ese O enln e not S own
Je¥fatios Bomab diionmb SmOgRL e B, ]%%%?Wl%h‘?%‘# of Hsdmysption, there
isi drily rieredrfind £1acafid S}tﬂlﬂﬂﬂEj irs theheniral mestben dind gt, dpéneémmgore fold -

‘ %ﬁmﬁ&ﬁe? %Iet i@n%%ﬂ&%‘ 2t St! olep eéﬂ)odlfn@ﬂt th-@q&fé&ﬁ‘b\f Hﬁhﬁte? I?)?lﬂﬁe opening,

ure mat er | ow t

Benahotih thg oryeial i pEHeta may ke ﬁh%’lnggﬁ‘% S Ofltg?: crystal, using
SeRryrab Guitkb®l shaped qﬁu@ ewhiRAt map ihadsk thimeal Ghsuldtien s bad tthese parts
a C 0 sul ating part
ﬁgu{i@ﬁw Y SlEa?rr%[)d}‘% gdg%gh%&%}e\%%} f%g]!nponl y a main

heater i's used, but according to another enbodi nent
Rbcorifig ith e @hﬂb@&irﬂeﬁﬁ‘oﬁﬂk i% PRG0S, 0P Iowie Tnd of Glid MPzone comprises

H5Sl bRt 95wl L AL ekt B gy memme

ingulatidwib ﬂthﬁmuigmmtalrﬂ g Aseonding telaragebodimnd Pf ﬂ@rmvﬁgﬁon, the
ﬁkﬂlﬁﬁdﬁ%o@ﬂ ritsgbeo i ﬁ!reu su[@ﬁﬁ @Jl ForfSedthedughs) a&m&%&e required

e e b L %S‘W%é ey 15 S o e s

mﬁao dibemnbpchimgs bleench skdwi sBigt hrThedbwerhmrtogfehé clgnfber comprises
E%Mrgg E)rg&t?ciﬂlétﬂfﬂnégﬁé{n&? ah@ﬁ% erS 18- colfap Rtk L%knmg in the

drawn 1 nh a schenmatic an er

wiom @ﬁvla%sm #hdee- Thaosresible shath d 33 Fay d’é material with
TobtittBerfial BEdueth iy, bethenns insulatien 1 3boander ¢Bninay b¢ used 16 bkghuce heat

G e Rl B R Eorf QRO oo TR ERMBERIRL R

but it may have anot her sinple shape. If the Cross
Bl AibodBiYdnfb e thelihRitich LA Amaindenfer {shied;fueaddoiting to another

e%b% Iﬁgr{t o(%tchet zggen Qhenlgot% e nggp?s];é Q%g’rtcgn? hQé?ter arranged to be used
in addltlon to the main heater. According ic an embodiment, the bottom heater 1s used

during me]tmg of the charge and/or during pulling of the crystal.

Any magnets as such that may be used during a crystal pull are not shown in Fig 1.
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identical to the dianeter of a circle with the sane
area as the cross sectional opening of the tube 42.

The wal | thickness of the tube 42 is preferably |ess
than 8 mm and if it does not carry any significant
woobmnssal | oad, no nore than about 3-5 nmm PTH&L2007/000217
effective inner 10 dianeter of the tube is preferably

| ess than 60 nn1at,the narroyest point, and the .. -
insul ator 41 is at least 1.5°tines as thick as the
effective inner dianeter. The tube 7 |ocated outside.

- fihez kRS &dd @i%o%ihémmohahe heat logsrtbrough dresepeningtfpe fei g}lrge gas’

ca*ﬂg{]%?%ga% ttswgﬂt r{gﬁﬁ{ ‘?{E@f‘;g?{geﬁ hafabhign b 'agggﬁni%agc manner as 3

varhctahkylm@ezt Awsuey @:legag deyppeningoh tp‘p&s% glaérfa? Toted to be
altz Qp %ﬁroﬁs@e@hérpﬁéf b@ thﬁ@l@ﬁﬁl acitemmsmerr?ﬁmg;, I‘;EkheThe Ccross
I t] ona ace re |

qeﬁ’%qﬂ gtgrgéqrai gjfeu ak ? gl?ll = ¥ &a% I@ e cross section

ﬂfﬁfaﬁ@sﬁﬁh Icnctdmt for, tﬂa@ffgmﬁeharn%tﬁ g OP%%&PJW@g §1ﬂed to be

& witi tht Benebieh 84 th srososatied! dpening of the
]tdgré cup er par tt%p?{gt)&{c ol

| v
fubel 2l Theaplkibickness o chl)trq zéﬁs ?fl%rnbla rfesg ?l?]agtreg L § add if it does not
J: ; Ghafker ndthaicahbadrno worththan sberidd eumt Theqefrgtive imer

glﬂ;lﬂff T{] tﬁxg o '3?5 Fe\lﬁ)w E&QRM6G Bt attiRenatReiestiPolnied the insulator

astot

. pbisat é@stuh@ @fne[,‘ A ﬁ%eg%%er:? tﬁgggtﬁﬁé hube W DScated outside

e %s%ﬂﬁbn\mfnhaymav@f&amenmmtm wipth fsi approxireately sheyppme or larger

nd the n rrm r.ak of the grower. Furthernore,
ﬁﬂ’é 3{ é’?ﬁlo %gn under the vacuum chanber

all ows for sinple construction and use of a heavy :
eofmg&ﬁrtamﬁé&lfiﬁdal&ﬁbethﬁ PutHengas hanfrem, indée whibefhot-zone at this

e
@ggqe% gsr rr(g)elctgé %d'ﬁlll A flf&ﬁf.lklrn%p g%dcgkse&ﬂlﬁﬁlenh cauesed by the thick
hBultiaket af orowai ths meucmfoftﬂ@ 2regds yan ek fo thg vet hardware,

%ge%ﬂicgﬂf td BhotiiSudnt e, Tt thebetlétSs Alcwey s ﬂles.ippg’qtdrtyof the hot-
Zong, d apﬁ%gegxrgg],& gﬁi&ﬂe {he Hg is ﬁ&frl.%ult{ E}agvo\elf\#] %@&f‘ ﬁfrelarger chamber
ighickeg, ®ithi spnifioanidel oust.| THeeothen advapiagg ﬁ‘dthﬁft o\ygyuum tubes
g‘%ﬂ%% IH‘gI%F %tas LNk PRbadA 'ﬂﬁqp%'i AdW B8 BBatbdEndentivdaddm chamber,

e outer sur ot~ .70
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ARNarbREr. ﬁi’rﬁ&ﬂﬁﬂ? mﬁ:rdnmdust afbedpertian |un@erﬁb@p’acum| chamber allows
o sime er al 391?(-?‘ b a&&f&{agﬂﬁrdﬂ)ﬁ%é Sracuum chamber,
i o T e Ao
%&m hagriots ot me%@twwf@véﬁﬂ R AP PP fdicon

Cl eani ng |ntervals of 10 or 20 runs are possible,

even for those s ces [ b
Asdthe puree €a3 w ide ucffct{i' H&Cz% Eu the Mpénlﬂfgs in the tubes

ARy theRUs abptys Ialshglntty bm':]r pressuee lgéﬁq: qu zg:}q n%sewhere inside the
gaglg g@%ﬁ %ﬂbé@*f&aﬁ%hﬁvé@haw sittosn kokexige wﬂhinet shle to find ils way
outside of the ot—zone but through the intended path and the outer surfaces of the hot-
zone and inner surfaces of the vacuum chamber remain quite clean for extended periods of
operating houxs. This has several advantages. The operator workload is greatly diminished,

as the vacuum chambers do-not need to be cleaned between every run from the inside.

" Cleaning intervals of 10 or 20 runs are possible, even for those surfaces, which become

dirty the fastest. Secondly, the insulators, which are much more susceptible to corrosive
action by silicon monoxide than more solid materials like graphite, become very long-
lived. We have demonstrated that in the design schematically shown i Figs. 1 ~ 2 nearly
all insulating material can be used for at least a year in an almost continnous operation.
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lived. We have denpnstrated that in the design
schematically shown in Figs. 1 -2 nearly all
insulating material can be used for at |east a year
in an al nost continuous operation. WO

wBQ0@aR3872PCT/ FI 2007/ 000217 21 Furt her nor ePCB’EEPQ?&'PﬂZ”

instrunentation |ike the dianeter-nmeasuring canmera or
t enperature measuring pyronetgrs do not suffer -

. changes caused by dirt on th iew ports. Al this
" has a significant influence on. productivity and some = =
 iPofthetRIBRE optical hiestrtinehiatiaf Litchihe rn]namm@srsnea‘sﬁkrmgd@megn ohtsaperature

3l sg{,tmgg,a m%ﬂ%%?é%ﬂo%ﬁmggg Bl.g8 ecgﬂ&sﬁ@h Vb GO AL this has a

tsxgng‘icmg infireneeen praduelivigrang S@I@e ﬂ%@%@érﬂq f&ﬁé’?f? %{u@ﬁ {Pgocess. The
bgge | H@lr%{kfoaddv&ﬁa%fs ﬁ%}&h@@ﬁigﬁlysdop@cﬂ tiBora Bryetyis iere Sh, As or P
SI m r ause | r al S S
R e
dwogamoﬁ of thdse dmntmf@nam»m@s,ngmt gl saﬁat@w@g%.aﬁ% pertigies on the

tﬁﬁ?ac'e@ 0= 15 Qéhdeﬁ@f i biatlyd dRhiaBed By aisighBBiekion BN HRY hot—zone

ow g side-flo t'he urge gas Il has been
arqe B‘ﬁ%ﬁit"taﬁeg’c P&l@i‘ﬁnfﬂf%ﬁwe? & i nsul ation, fromthe
mai n vacuum chanber above the nelt level, towards the

@ﬁ%%e?}%% 1‘? ébh&ﬂéﬁlaud thanite rho@« ARAABSIowt ﬁ@tof thd ﬁur ¢ gas I has been |
Si ow never co se to the nelt. e:-pat h

Sowed ourgeacn REroRgi e b TBROBIR e S vAGR: FhATRE By e mels
|lfﬁfﬁg tawidshe paye Ghaertalst] ia sactod thasee émis thiesilefew @b never comes
]pF 15{5 %%%PTH%]ﬁatﬁ hg Qﬁ}l%ll%lgét 019 f3-3 gj Iﬂﬁfe' agg rdf2tibdhf long and

par y bl anne

, @@‘ﬁ@i’ . ojaNoigrexeempiyailess af b “("?F ﬂ%r |th‘?/%l?‘?{ﬂp?}nA means of adjusting

ﬁi‘ecmxﬂ |b5}§1)a1ftﬁull§1 b16dkRRdihg Rimmef mta,jﬂ Be iconsBmbicd in at R@bodiment of the

structure C |se
gngﬂiﬁ B‘Hf'mﬁ d° 2R 8@%@@:11 ?Iltl%g TWIE e a?)@l? trucfture comprises
eepPRgsth aaropewigg.chut & wqtm/emh@dmmw plurgligy g%owm@a@a:anged to
15w tHe¥vwe it o bé MRicl Mutd WO EHbL MWwsAR |a%orﬁfﬁﬂl&8!e rﬁlﬁ@ﬂddcﬁﬂmg toan -

- ikl e (ko 918 8Vt Seacal TRhGBHCHE Favagiis amunged to be

pivecbihlwth opietings pearhingstorthe bleativg: tofoth@ lsbaringk 3¢, sorfhas fpivoting or
LO&id8PR% acgiwartsghah tth@'oY)QﬂthQregranﬁ%ﬁé HRNAGE. According to an

stack part changes .t opeqni ar s the
rerbodimsat of dhe divestion Tagn B bt S0t ?‘hg‘]ﬁnﬂae PG Angnlg another
Raibbdiddni, theachsited B4 chapises a ghmolat, goroys,t fibrawspothaher such structure,

%Qd&‘rﬁ%}%aﬁﬂ ?ns%ﬂﬁlﬂ Jﬁgaééalc rAS&s ﬁn@rﬁﬂg%ﬁ@r According to an

or ous er suc structure
ﬁwbﬁdﬁment;pfuthrﬁswmtmﬁgﬂlﬁﬁta@lﬁlalﬁ gtapbite Bl ows 1 ui d t 0

pass. According to an 25 enbodinent of the invention,

e materi al S h r

Sreoe Pyt kot Ao F by HRAF LY Eudf S Hoular hoat shicld
codstiieted hepartssi), 8L dmﬂo%esmalm:ﬂne euee spafley Hropass ﬂulteaﬁaﬁar the melt,
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ur a ur e, Vv LL1e SlIl1]lcon
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%fsﬂl ch,étggk%einc%y&eig’y FANEERR ttﬁea&él&‘i‘tytaﬁﬁﬁor i SagfdRebf Ylrge gas Ia

I n oxygen ‘cont al woul d ural I
DeuTihe Testy G R Sy &t T rfolh g nRg & kS TeHeclo; 100 s pxtent, some
B¥icore (ﬁwﬁbﬂge tid) @.blee{oomakey itarvelyoto ’thh EVIORS Shrbbtmm opstream, where it
B#% 91%{ ?&%t 1{1) {u}mdel a,ll)} ft Joﬂ@ents&t & mges particles,

Isre UCE ext'ent
Sittios oRPRBiHeRRd Battislca srecbatl V%ﬂb@@% fofle Bgviih guilghiy why the

%tﬂeﬁgdrpﬂewqpﬁidsﬁ Bmmgm@foa to Béepnhas bbmthhinati@alyel bw and yield
Il}@il g:s? ectilcgg )l(ps 1%0}%296 ha tolca?l lag dobw §& @g&f‘fe%él b9t the fiow is
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Car bon nonoxi de and particles are both very harnful

for the growh, and that is why the total argon flow

Il rmust be high enough to keep the contam nation

| evel low and yield high. The side-flow hel ps

woms@se:zt he total gas flow to such | evel t PEE/H2N87/000217

flowis WO 2008/ 025872PCT/ F12007/ 000217 22

_reasonably small to keep the ?SSOCJ ated cost snmall,

but at the sanme tine it is sufficiently high to keep

unwant ed contanmination |evel low. A second reason _for__

teh@nshlglembll enkddplthé sssbiiaied onsy gmnluf Tax @f thersamp dinger i 43 ghificiently
o\l of the crystal. That

#“ggg\%s%/ee?ﬁgb%ﬁerdgcgﬁlgas %ﬁggvﬁﬁlelggg to be di m nished, as

the amount of nelt in the crucible beconmes snaller.

Asseb i 7eBloh heRR! siden@ M Bphatoxdyget vgl inohs teayrstal tends to drop

Grabi e IR e e F i IR b ORI B o
ﬁnegmmﬁun@arft mghoimthe PHEiblp dreporpss ﬁ:ﬁ@ KE %}fagl ¢l remains

&!ﬁn&.'e o) lr'él&hx{eh@ aﬁxﬁdéﬁilﬁhotazﬁﬂe pmanQ mergedmh the crucible
e eri.ences ongeir
%\Eﬁr&?‘ﬁ@%é’rfhégﬁﬁg g&t ?h‘{t eat&fs%é)%llﬁgé gfha’ which
ﬂ[hes tdoaud ke érgstaihandedtore th@@ﬁ%t’ihﬂﬂb@fﬁ)é@eqcﬁﬁ a Jopgep palh in a fairly
}Q%y 9]?%1 eﬁrfﬁé |cﬁ1r01b‘?é) Bt dn@nthgfhe&thﬁudl@BQJ Thé dlyw TNB therefore
ove

eva ting t en e
Fpgrsm@p@dg‘g@anuﬁ%w t @ smalleg, tﬂﬁ%} ot\;&lentgtai ALR%uns above the
fRNf éﬂabbiﬁhﬁ@ thieCoxtyben, ema paget p(uTlOIDBOQ)@x@@gh thessidy ghannel 34, not

BidlisiHeh Yhbon for
FirtSlfigE o fobHEbRRORLAIRGen FPud i Kbl
fron1the external hot-zone parts above the nelt _
Aeﬂﬁﬁ-l:l mARatdy ﬁmtﬁemeda-ﬂm rlIbV\ﬁIréIsied) fo theeonmininalian fiom the external

gl%trf'émﬁ gg{s%ggesﬁl iﬁex%ﬁ f Xﬂeth%] Dk iR tﬁe@ﬁ&]ﬁ vhdum chamber.

he éx er na ﬁ h
Blespite the effedtize inselation eeq #ePESI RGP Ldfregne surfaces,

Wﬁ:‘ﬂ LRenRtRTs ﬁ%ﬁ&gablf}a@ﬁghﬁi adiayepeiire \hba she Wmter—cooled Vacuwm
Eﬁ%ﬁ Btwail%n'@nn 31*%1115 H%l %c@o% 5054 B8 sg%%o%) eCnot-zone.

convectl on
Madsnayuriinconbestici refates mnﬂhowﬂla firctign shpwipigFie; 3¢ ahyid tends to

V\;ﬁﬂ%%ﬁ @Qnt infifdH W%tﬂr&n $0A W €T, PAkiEle is) diSectddomainly, downwards.
FYighout Fhﬁ\ﬁlqe;fg)%‘} @:S;Fr‘]llﬁ% ﬁ%ﬂ{\g\/\g}ﬁ 8#%:%&%& tR%ied by the thermal

: @&i\k@iﬁﬂrﬂ’@t w@mbe dnawn idedn kbtywar&ﬁatht hsktsaitace doi e gheasglow a. The

V“,&lFl é) ‘éé@hﬂ{rge it Seff‘é@@véi‘jﬁisblaﬁ:b‘ i PBEiY chbidRctive flow 63

deflo s .a_sheath ,
@@Ql ﬁ!ﬁ’dp%‘? P%@?lﬂ%‘f % which pweens ﬂ]ﬁ %%r%%t% nvcamed by the
fobuaia @&x%@hcfnr@nsttﬁai copdedt dinctly hethﬁlemhauma\mﬂmno cbntact to the silicon

%ﬁgg %e gc? %J%t emﬁo @%ﬁtn&tacﬁéé RRLLER RALGE ?{gwg)éret é’éﬁarately fed into

n carried directl t’ﬁu beused |
ehctbambenuiiougloFiEohsbrovs heT fav TEpyahdlsang peniitg. This may be us
@f%ﬁhﬂh&waﬁ PRl SRAitAE Bloso torltiteinkiinte plobahilitidsefrern de channel to

@ersgéqe%%gg ? ratel éifggedlitt 'ﬁ?t(t)hg ‘%%?H@ ?L'}:Pre 1al ﬂg# %ﬂ&’egéﬁn be used to

" Bhita dmgagmeh ﬁse‘.lbwsoﬂfrrﬁmﬂ mazf@naﬁ@cmm 69%5%?& ity prbodiment of

glgeo gﬁﬁb Qf apéd?ﬁbib iok igf 1uBElaf kBMBtEe Chawitdle ba the conical
Aot cor di ng

P o U Spoks AT 0o A Bk 8 e nyeyion, e mide
Ghet ben @titichéil ththef yaowsm Hhambet, il 1o swerheaichl eeiast to the hot-zone.
3}’%05% NG H % EIQ&? dir FRNhv@itioh e ixhMe Rh B prdvﬁf@d with a cooling

de"Es & conl ca or a tubular structure nmountab
dhid diesulagon gide fshBde. 57 2GRS ERE CRA: glstieyd o‘?’%a”n&ﬂ}e gooling rale
R Rl eysiaB IR siRIY trgf fok the potmﬁaitcbmhammahen mtheleonyastiond3. |
attached to the vacuum chanber, wi th no nmechani cal '
contact to the hot-zone. 35 Accor di ng to an

enbodi nent of the invention, the guide can be

provided with a cooling fluid circulation inside the

gui de, so acting as a cooling elenment to enhance the
cooling rate of the crystal, but also as a trap for
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According to an enbodi nent, Fig. 4 shows an

addi tional tube 22 (not shown in Fig. 1) as a

shi el di ng nenber around the heater that has the

pur pose of protecting the heater 11 and the susceptor -
whhobg/@ssgont act to corrosive silicon nonoxi @ET/FI2007/000217
According to an enbodi nent of the invention the gas
“flowis taken to close to th%outer peri phery of the

hot - zone wel |l 10 above the heater, and the silicon

‘monoxi de contained within the flow Il makes no or

Tal sRstmwlinant det flow thas taheormmaeeir thet iswliragtedhiatoo theefurnace, bUt

agr%g%edot P%%Edeca:;ﬁ@ Blafis hoiat tﬂehﬁ)t—%é&{ﬁe ShdhEfovdtdn Heﬁi&@d to protect

zone are_prot ec

ot shashcHBle TS FHbGREAALTEAA IS Upllgdbrzone thermel

ReIMRANSH EheCbgikethandigidute fas thpundi. ng tube 22 will
be kept narrow during the whole growth process from
start of the neck to end of the tail

Atroutjhe tofre eohodimenti §és: Grneweaglppak GpEiETdr Fis D as o
%?é?&iﬁ h@&b&%&ﬁa&ﬁé Bdatek that E:Lsgh lélurﬁdsewpmteeumths hidter 11 and the

@s%eﬁg)\ﬁblg Léf?gfs e(HE"H? Hy© ot{l{lpg{ﬁfﬁg} biy gi%n&ﬁg% %ﬂ&%ﬁ dn eﬁibgdlment of
thbdngatidh tHehgms d[ro@msdb]gemigsqloagetmthe autﬁai_,geﬁl 6‘%&‘? e hot—zone well

%ﬁ% ttﬁeog\tiaﬁére]ﬁ? ﬂl\éeslﬁo%nt Iﬁ&l(ﬁ(%;:foﬁ{alﬂw e tlieh fow dHr inalees no or

e 1n.20 '
JeReinn ﬁ’c@t%%rthe Ber lYgg‘t the Og lied Sdggbove Cllbﬂ: 9. At the same
G Calbﬂm&dlmml of thothateoms swr protecien. by oysler & @éﬂt@;ﬂt crucible it 1s

L ot B TE! kRS LA, ald e URPBTiRRCBS 22 bl bo kept

RS Ct|yVISI e ot i can, c
mrto‘ﬂodurmgéh@‘é(holplgmﬁft@rfdﬁeﬁeé‘t“éa an\?thet‘:I’?gk F?e&ﬁe?ﬁiaett!’ﬁ Le;, even
{hBhsh B agor eﬂgkﬁdf&heb guéibkiigniidi eal nbamwsbmmaipfhestar bloiig. 4 shows

h
e S s e g RO

with the outer edge of the already hot 25 silicon -
{éaﬁ YRowd RaERE tﬁ@m@lﬂlhg of tHeipelysititmchange 8,dire crueille must be in a

t\x%gp%{ulapln? }Qeiatwg g%gig cox%@al%ge%get,% ghvfevl g?éé‘évth The charge in
Bfge atiecharai inga adingtiomannéio ek s ﬂlﬂi@]ﬁl fhgee B FyedhlgRdse is not
{g%l:%ssg&grt ﬁ%’ pEF st ewRiZs iQhhemelans podifich, fatdppef @rd dfthsheater is

exhaust se
dnecfhien bl BF P o lipede. Pratotthe gaéqﬁ‘é"u@?i‘%%%dg@%* i ater o this
aageg AkkréTBY g iggificamyisauinofFiahonseontpmanative Wy the barier Cand/or from

#hg{/v&%‘ ?e% a%ﬁq.hé g%ﬁér Which hsr%ler t%%a@,ﬂvsdﬂi‘ th%loﬁter Bdge Dt already hot

sone to the vve
pilieon Kargs. dwy arderol) BHIge %PPH%H*‘ ‘HFY %881 fif ficon chargo, an
RAiG6hal ERWIOR Shovihes T ispeated. t he wear will be slow
A preferred but slightly 35 nore conplicated approach

is to change.the flow pattern as the charge
& Figu 5| thris rftoint schreasedusitgpadditiprbhles %aaﬂmags %% g'fﬂ e protective

%h()ﬂie? bédsib¥eepdiies fob ehic Bow eathersrdvst maysof dolsse bt h;@ﬂy devised.

0 protecti th I f in Fie. 5. Th

Egsd’ﬁv fif iy T Poariar e %Oﬂdsse ORGRE in s 5. The
ﬁbmmgranaﬁbmdmmﬁmtn@qmg.r@ﬂﬁotbm% hot - zone for
the flow Mo and an WD 2008/ 025872PCT/ FI 2007/ 000217

This i Uery Aladiriprieda 8 Vo oh e Rk, BR, 4o Ay Dot small portion
folf @w tbtal bm\gmﬁllodr dlee thebmclprand whe Wgartvﬂél t@as&qvg/ Apa@eéregfbut slightly
L he? %%f!ﬁ‘{ét g&%aéh is to%han & FlowRakéan ik cardert atohst or fully

nost. of, th

Eivdiof s a5 xR 5y T 111 S b B e AL 50 i the
REditieskl pebitEdiied biptthe RowhiEbps ad letgennesdd dnpgeay of reallzmg this is a

separate path through the thermal insulation of the hot-zone for the flow Ilb and an
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5 containing gases during the nelting step is
inportant, is only a relatively short fraction of the
total tinme that the heater power is on, the wear
caused by the silicon nonoxide in flowlllb wll

werdigependi ngly be qui te small. Al npst al [PCafrFizoee00217

crystals grown by using the design of Fig. 5 have a

| ow carbon 10 concentration b ow 0.5 ppma, typically
< 0.2 ppma, in the end of the ody where the -
solidified fraction g of the nelt is g> 0.9.

E Add:lﬁbﬁhl vgcuium adlveciibiodinrtentsed 6 gt off Q’h@iﬁmgmficenﬂy reduce the ﬂow

t | 0 if
TAPOTRE G2 ik wal RS0 B8 u%p@# i BB Badl Gt ki process, i.c,
amshivaroriantly émgﬁbe gghweiof fhe @@raeheldlleosmf fhererghiime the flow
@mm off of &a@i@@m}e&dmﬁﬁﬁ Eﬁrﬁéﬁbd Msihg mcﬁﬁﬁé@dducnon of oxygen

1%([}11\‘21151% agegld Lflllc”;l : %Lé eraeq{ngg fe)tgj }s d %{tmil §§kyhaerre alavelﬁ sgort fraction of
rﬂeesfp@uhbmeéhat ﬂ@dwafambwemes en\ﬂiierweﬁaremse by thtresﬂgaoa pivinpgide in flow
gine dmebrrelpshdfEBost giRatsa®f the invention save

operator |abor eéspecially with large hot-zones, as no

manual lifting or special tooling is needed to expose-
tAmostr dh of dhd erystalsagedn bn vaidgdi the alesigh d Flgvérﬂaivem low carbon

I |- ; -

%ﬁc@ﬂ@atﬁ;ﬂ[%gﬁab 59t 153!112)(& b ﬂiﬁ if Lgle %g bofly where the

i ﬁggg °%5Pfﬂ¥§m£§gﬁﬁﬂﬁ?eetﬂe parts in a safe
nanner The Tifting can be perfornmed in a clean way :
PO U O BRE 6% PhoRllaghy 380 QTR B pars are

aﬁe%wtemem@%m et parhpithe yaqpumdamherchanaidhe same time as the

rts

tigh, SRR A oF 8RSt TheesteR with resicual

_hia[ﬁi‘ vQﬁhmea{mbwm Sl @E%EI YBe @hzﬁiﬂielﬁ SmlsS be e?eﬁﬂdbeﬁm production

bl rBmdfRs 6 ARl

' aléle@:r atich thet anviapnmaenb of it griaplife ¢lpamedl.Tenethiondiménth of the invention

e o%aratoe @;Ib?f- g@ee?w}nﬂlm mtge MbtlAdnsy 5§ﬁ‘<§§1am&;11 lifdg o%léﬁé?slal tooling
is n mitea.on 0. nstr
) L R i

nmmaé]exﬁhdhwthenqaldamgnﬁ& thenwbighi pdid dinensions sien gbtelmnted by the
Ghibrs Bbitin) H&ﬁ@lelthé"bér%%%rgaﬁz ﬁl@ﬁ{e?tﬂle hﬁ}ﬁg Eﬁ‘pb& rformed in a
mber 1s_ lifted w a MAre‘genote éE
G‘GWE‘XHW&HO‘EH@@H%W%%@W ezfoetanw @5@@? aRipge is that
pértst dae behdtievhilb at nibheclemtvicmpagtupg rah@ théGhtermagdizad Sme between
’ﬁ% o LRIRNRA! agﬁ?wﬁng 1é‘¥édﬁ¥%de Tﬂe h‘f@%ﬁfﬁﬁd h%?tshlégﬁﬁg 1a and 1b are

t-zone p

sappiatady KBS glesign das éﬁent mhﬁdjﬁhmaceawm e @@behment of the
SR\ tIe 207- mvendﬂzbﬁésnﬁxdaﬁed RethasicReg edt HSiutl xanmdmted only

i ll.ed h
st 0 PloB B orllo gt oriE r0he Pk B bapig) momber
anbibdpletni3 en heﬂétedﬁveﬁmgtﬁple@, brépan@ttlemtqdfqrd}n@ereto The conical

FREBEL Sifed %m‘.h% @ﬁé @@Jae@ 3 dbie FRafel witlan aftiibsaent member 70a to

i fting nec red el ectri,cal
UpREHRR © féﬁ@r/‘ PSR Hers, i e Gl detnbvabie, o
Ao wec hansfenpl ﬂleahﬂ)pmsholt%éna ngrtsofo & hoartuppethepaiableofupporting

%thﬁturé’@u%%%ig 815%[?&2/ E‘n%ﬁ%’gy 91919&1’&3& %ém& %re’so% B can bo

vacuu er is c
THEEPHYER F‘éﬁtfq OF by TNy 4R myswgatslq@ﬁgnwgh@ a%%“?‘ﬁ%ﬁm the
qabddiratity ofttheieentioat - zone is used to change the
tenperature distribution within the hot-zone during
mel ting of the charge. In another enbodi ment of the

Inrppegmbiogiment pithg dryeptio & sepraale lifingsmedhauign 7Byis afished to the part

TR Thil lifing® &%ﬁ@nmmaﬁ@ebe powieed etg)tmh&ame of bebhaﬁﬁhaﬂy from
urnace,
S & b R L BphEL The B 7 ietAe & b ubr pares of the

depicts in a nore schenmati c nmanner hOM/hOt zone parts
may be lifted. According to one enbodi nent the
lifting means 71, which can be actually any neans

~arranged to
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10 separate the upper part la fromlb (see Fig. 1 for

parts nunbering), in a repeatable marner from one
crystal growh run to another. Although the parts
shown in Fig. 7 conprise only la and I b, the bottom
woh@s@23s® has not been drawn into Fig. 7. ACE%?W/OQ‘B”
an enbodi nent- the bottom piece I c and the mddle

piece I b are of the sane pi 2, and i n anot her

embodi ment, the upper part la and the mddle part |Ib
forma S|ngle pi ece. 15 I'n Fig. 7thereferences 10, .
t-26@ o¥eis bOme Ivbfutuin ghaatbet Bieclosppeln apeambodizarob Pl gy tion, the

agglgmg otg' e S c,%se%lhﬁy |y Q&h@ﬁ oHenddNEt-Zofie 1s &l parchage the

part a risi (d nst.r.at
trperatrreoBiS bR B e AT e DR e Bt %gfﬂ?g T other
é?%oaﬁi%% ok g@vehﬂd)ﬂ, eled addmmﬁl heab/losreratsadehyothe priieldy omm hot- -
s romd d 908 bnpleted,
ZIOBWéPSiigtPt%h % lﬂg ?ﬁ@%‘ﬁﬁc D2 tﬁe%ro%ﬂﬁ%eﬂ@y 1 plete

Zone. However, the step 3
wmqrcaamgth@rdduqﬁvﬁh embodi ment of the invention, the
stép 30 is omtted. There may al so be sone addltl onal
“novenents, of the to art frob 1R 5@%&5 Q,gqgkeangcwdmgto
KA AR ﬁf&or&f‘%]?‘??ga z%r%lg pa;[ t9 S, ?OV\EI‘I n

s Howe S ieh oo BeracRRly P ot ggmecd to
%: h%?te %tﬁsug&s\éﬁ%drf‘l@fréﬁhﬁ Nk Fog. MERNRIs aulberiie), U b irgpeatable manner

fiomn pee eystakgR o ke %{}@'E%F éﬁiﬁ &tgg ?heggahs %ﬂtﬂ% ﬁaﬂﬁ%% ddhprise only

: Bﬁ&ﬁ(ﬁ Ibhdiic boddr griee 1chéasgast brovermg i Figs %cord:mg to an

GRS hORATERL: SESH B bE1cCR! ) axrmy teesame picce, and in

obmemirimen g gbPR et g PoPHAR 1o touh flflegie

mnutes addltlonal time, conmpared with the nornal

het NA8 S ﬁ{seada@rdm th
%‘a?‘legs C %\ﬁ Srep‘éesreq%| :Ag(g%%#ﬁ@]out er f]&et@{s%ﬁlr\gl d,o art lfnc;;n
ethbodimeért ofstheliivyagiien go deat diydh the aPléﬁréﬁf’atP &

{oﬁ&%ﬁsu%dt pPihet ffovy ta@d/os lited dnBOD thmayhebepl fakt e bpptaken aside
{;)tyq%p of:rﬂgve;n}rﬁ]eﬁgfl Ig?eﬂ%%ixtgjlhg @sfs?]ﬁ'f)ﬂlecﬁe Eﬁ‘ﬁnﬁe@}ﬂﬁf 1b, exposing

e I nsu
thadamcpam othnat 1o, Hbwinesdhd RASE° EBIOTR FRLH Fembgdiment of
8 Flﬂé% e té;Pﬁb 3 Rgided. Wg&b ¢hay &lsb He Gorhy adiitorpbseidrhants of the
exanpl an
eapt ot humbsrE A S-pppiie pfE O on: SR B, pitGing of e
girt { eafenthemogh Ficcafterdhestér i t he shown exanple are -

- possible for a skilled man in the art. For WO

%%02/383388 171:123F,) s%:-l/e}gi%g gl7a£r(i)e(r) %Zc:]dIZstrZugtlon that allows a quick change of the hot-

zone parts for different kinds of crystals to be grown. So, the paris that influence the gas
flows as well as the thermal envitonment seen by the crystal may be changed, according to -
the kind of crystal to be grown. The change may be pcrformed in less than 30 minutes

. addltlonal time, compared with the normal time needed between subsequent growths,
.30

where no parts change is required.

The outer heat shield over the melt is disrupted at such a diameter that the inner part of the
outer shield 30b may be lified up through the inner heat shield 32a, after the lower part of
the inmer shield 32b and the insulator Jocated underneath 31b have first been lifted up.

The construction shown in Fig. 8 is only one possible example of the design, and thus,
without leaving the scope of the embodiments of the invention, several different
modifications from the shown cxample are possible for a skilled man in the art. For



Stance, the inner part 30b in Fig. 8 has been
denonstrated as a plate. However, the design of the
shown part may al so conprise conical parts in shape
or nore conplicated structures in the design. The
woReiglogdsion 3 | b may be cut out of soft and PEEXIZH7E0217
material |ike graphite felt so that-its outer
di aneter nmay al so be slightlégl arger than the opening
~in the upper part 5 of the inner shield, The
i nsul ation 31b or-the shield 30b may al so. be

R8RSt iMEkee phit 00D ReRigr fhasbepademansipitebass: plate. However, the design
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og gar?tss?ls%rggérgmlaﬁ %335'8 gl&ﬁ KL c%gic%g%fqé lﬂi Qaﬁe &%OMmbﬁcated struciures

erent

er, as discuyssed . .. - .
it decien. oeroniasion 31 sy DR PGt S and MAGHG ripL s raphite

f%l??t{ %&e/iﬁégdtaraidnﬁa& sy atasmcmigamiaﬁ@s $hatt Cheanpmping i ‘gln upper part
0] e .—.Z0ne par e \"

oty pape Sttt i B ot SyEodite ikl 5% Sl e epucted from
spoanslrscinats pivptsi Burthosensestspensing of Hipshigld 32paay beggnsiructed m 2

' ﬁﬁg}g@qﬁ%@gé&&u@@g/@&meﬂual ity of the crystal. These

results are also supported by sinulations made on the
power .consunption, tenperature distribution and gas
Hylpeiléncd Tad hedipasd thag 2mbeditients (ke davenbien Adeioot good and easy

%gﬁtﬁﬁ@ygﬁg ‘izgg-_Eo&tﬁL?ﬂ’s t? &fd 3GtRoY distbiRt oF @bstitfon alprocess to

nore reflective,, arr edtpre e
apdieh AITETP RS tHePOWEY SHEHIRHAR YRS ﬁﬂ? %&?ﬁ ﬁaﬁfﬁ%@?ﬁm@mg
ﬁﬁﬁ@ﬁﬂﬂgﬁonm&ﬁwﬁﬂbﬂﬁkﬂBﬁthmﬁaheSmnméndb?ﬁgmﬁﬁ@msnmdeanﬂw
depi ct e rts c - e of sub-parts
5 Fuap P Bt R b B O S

? e i nsulatling nenber 3 | b may
be. made of two hal ves.. According to an enbodi nent the

arls’ 89S lilora®ml &dn 6O @hddapfafartionebaddd panthed 2efctory structural
part 32a_ and/or,part 3 I ] i I al
matgriel 6 B Rt R T T %g@#@%‘?%‘gﬁ% e 1R cryst
lipvweirdsoailengt pavdy.nitcoutied ton ‘gnbadiment ,09‘,' §heamvgz}§10n, the depicted parts
et e jcltgﬁb—‘stﬁfé&ﬁé gf ﬁﬂ—éaﬁs @@lt}ﬁ’fr@&?hﬁfﬁith, tht hesufaking chember 31b may
circulation.may ,be interna s oF
banssordrarr Agoarhe AorphstiR SR Hustel e cooling of the
ebsIompent 12atahé/of part Btriseohinaed eing & suighisdlidbeirquiptiay uside the
Xt ?%r't@i 56 Q0L S HS LrRMeo fOihB Gristil By Raneh. Mtbrding to an
0 el

e, éggfuﬁg%ﬁ%gncy%ﬁgﬁaﬁﬁ%p%@?ﬁ SERHCAfhilar to

RAf fpfe3 2 caithg3Rbarsitevreniboditiayt, B¢ fhed phq;lat_iqm_eisga@nected to an
LLow i s gul ded Dy, dBeden 5 0r @Rl ivBition, the cooled part
gﬁﬂ%ﬂccé)aﬁl&%g’%?er@ jlhswr e f&zfg%&ﬂn%%fuosi n ' a:}é’é" n et;;)o © d 'pszlj
mhphe separaih om; the cedled patIFHN B Tig %?Fg% - f‘h?“%f a an
éﬂg%ni jAVERt ¢,0 tEMGtB% )gdﬁ'ﬂbmm ghidpaiby shec depidied pwata?ijthe enhanced
above part 2a_and/ or 3 u Jredt Al

e e i S s s
anbodimentddseinappionpubhedditiensl Rarisqran bedpgpadAboys it 2e and/or
%%%%ﬁhgS%Q&gﬁ&g&nagﬂgnﬂygya@m[opriate hot - zone parts

b and 32b) ‘are selected to- correspond the

~crystal. geonetry, particularly the diameter 52 of the

Bigy 8 ildistrates fpexarrplestt, hoarid bbmasa@pm'ﬂ@ﬁiqﬁ@p% Tow ahgrgystal. growth run. In
gh%%t%hﬁelﬁigg:tﬁeo%igo The 1 a6mt ks Pobos 1t fR 326 ek seleand fagorrespond
|

tched tq.th I di
{1 gysis) ScomuioDBRPUSS AHGRES O PO £ dy e Yalled, andlor

GouRik & br betstHergionh eTheelinmetr 198 aafethe figer paring @f the set is
the.c i bl . : erial in the crucible,

Fﬁ§$ﬁ£§ﬁ %GSﬁ%ﬁ%gﬁ%%[%ﬁ%wgﬁing nmechani sm arranged to

pull a crystal fromthe nelt in the crucible, a _
WG4, GRaRESS 1oPdn a@nsddiatmbof g diventiorf, ferrmarn factiiing by single crystal
acco at.es hot - zon 5 chanismfor filling

BHRS chgalsp-type ﬁ@ogﬁ?m?%ﬁgghanber to open the

chanber, and in addition a hot-zone structure

consi sting of thermally conducting and insul ati ng
mat eri als According to an enbodi nent of the invention
the growt h chanber is in reduced pressure
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10 when pulling. According to an enbodi nent of the

invention, the pressure is essentially the sane as

anbi ent pressure in the room According to an

enbodi nent of the invention the pressure is about as
woonssansgreal i stical ly achi evabl e in industri CT/FR2007/000217

condi tions. According to an enbodi nent of the

i nvention the under pressure.is between the just

above- nenti oned extrenes. %%rding to an enbodi nent,

the gases present in the chanber have a 15 predefined

' -é:&Ha%lf'&ﬂ}%lﬁé)thgg{eﬂtne an at nosphere of the pulling.

%Fg%fteeg Bl he Lonst, @: YR ﬁm%&h&ér gitﬂgmfur;faf@ I’J??ndi@lgtthe melt,

ment According to

aapmhmg)mdahammm aufangddéo pﬁbéﬁﬂ?"@‘rﬁ‘%ﬂﬁ togediiptheBigPleses a
E'v, 2R ét&ﬂlbér 0Pk BNl AowinBeuRaRewBiah Yodtngidags gasemnes

3 Wgcl]@msmzf{gﬁ liftn, gﬁeo{lg%reﬁga(;{ {3;’(5 tg Blg#%% glaﬁ' b@?é}oﬁgp %@éhaﬁl@er, and in

ad@wlat i on such purging means can purge the . grower

V\hot—zo%? ARERL ¢ c%% % éﬁbﬂﬁgﬁl @cﬁﬁﬁ&fng Hed @isulaied Meferials

e gas. according to an enbodi nent
of the invention can have a dianeter bel ow 20".

A@&%ﬁg B ak @m@d&lﬁ@fﬁ&ﬁﬂi&ﬁ&eﬂfﬂnﬁhﬁgﬂowﬂ:emm@ﬂr isHa reduced pressure
C i, YL 0L e Qe RBssife idb@uitially th
‘fjé @g] k & g%%?@fna ?T%ogtﬁehﬁvéhﬁgﬁ, pressife i ally the

i.ment of t %tg r%tbl N, Gon the
tavee arapatipit @msaﬁe b theveem) é?f@éfimg BuAn g 0§ R
ssufdis aRRAERloWSasaeARficIpgoliovably iriddostiinlmonditibng. Aecording to an

Vent ' on?:goﬁ]ﬁ lPE?“ﬁ‘gar ! URag" ng%ggqs fb@ﬁwe%ﬁncHé At Ubbvibmentioned

con uc mat eri al
émem rgtrdingntce wh oulriment O the saspe oRefglin{® G chnber have @

I%Héfﬁﬁﬁg %erm&f%ec{e'ﬁﬁé ah Etlrﬁisi)ﬂeﬁ@ﬁlﬁ thg @ﬁlmia.g.l Howover, dhdhemstituents
em con

mat er.i. a r d may al so
@Eﬁpwm%%ﬁﬁﬁm(ﬁ?lﬂﬁeﬁ&% %r *on varl ouségopants :
such as boron, phosphor us, .anti nmony, arsenic or

21 rdm AL %m%BE?ig{e entl o l%ﬂe H&Geﬁﬁ'&sﬂﬁn ERScl RBMpHbdsi ﬁ:&npport wnit

fl Um can used in ¢ ntrations.f
Pmrﬂlllg the MECeTIY BUSHGSASH aﬁgreﬁ ¢ gg8es orcz}d)]/ %ﬁglﬂeea%ﬁosphere of
M-ﬂbﬁ& Afcébrazﬁgw‘@mdmhmhﬂmﬁfof tﬂwnvmvem suchPUrEiRg e can purge
%ﬁ %/ro a gﬁit %ﬁ%ﬁsﬂg A9 ahPoiie %@ﬁ%ﬁf@%bl@fgai he

an enbodi nent of the
i nvention, the cryst al is a seniconductor crystal.

A%E ‘éfugibli@a&&dﬁfg 16 38 @dibb@ifientod f thhimvention can have a diameter below 207,

" According to an embodiment of the invention the silica crucible diameter is in the region

25

30

35

of about 20 — 327, According to an embodiment of the invention, the crucible can be even

larger, but preferably below 48"

An apparatus according io an embodiment of the invention is an apparatus arranged for
manufacturing orystals comprising semiconductor materials. According to an embodiment
of the invention the semiconductor material is silicon, germanium or other semiconductor
material or their mixture, and may also contain optionally or in addition various dopants
such as boron, phosphorus, antimony, arsenic or aluminum. Also other group IV
substances than silicon or germanium can be used in concentrations from less than 1 ppma

up to several percent.

A crystal according to an embodiment of the invention has been made by a method
according to an embodiment of the invention. According to an embodiment of the
invention, the crystal is a semiconductor crystal. According to an embodiment of the
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" According to an enbodi nent o

WO 2008/ 025872PCT/ FI 2007/ 000217 28 invention, the
crystal conprises silicon and/or germanium According
to an enbodi ment of the invention, the crystal
conprises at | east one elenment of the group Il

wol6iiRdss: as a dopant. Accardi ng to an enbodPHEEERG00217.

the invention, the crystal conprises at |east one
el enent of the group V elene& s as a dopant.
he 5 invention, the

crystal conprises exactly or essentially the
ﬁivémmhyme cgfstasaﬂﬂiﬂsémha%@ca@wr B@mikfium) Aecdadid i b e:ﬂiodunent of

%hee%nlr%l g’%}-f g niéysEaE] eom %eg % le%ﬁrrnq»g{e aﬁ&ﬁen{t '3? Tﬂ?et #ﬂﬁﬁ Tﬁeele%ents as a

flenaghtAcoprdingte a@reysho egb ap Piedaventipmfhn arystel crommrises at least one
é@ﬁeﬁtdbm Qnet SroBp \e@éﬂ%meag aotﬁoﬂaﬂte Ad%Mﬁﬁig Wmte?@odment of the

t
Biviish SR Srpren SRt BF CSERAIR O B o ccorting
tooaxaﬁmbndmﬁnmiﬂle dhventien,i the entsiad wompriges rthe Bmtars of ggg blende. -

Q%dr&ﬁ?.? tt@%ﬁmw?nenif beaRigRmabh,ome 3 sﬁ?Ebrﬁﬁx@se@%aﬁm%%tmcmre |

mass verage .val ue Ie s than 50 s
Kecutiag foym g Dact SRR onti g (B et 4P RGeS 25 Gt e Floments of
ﬂﬁgﬁoﬁplf&\/além&mharasxbcrmgmdfmgmmahmﬂs than 35 .slpmin

20"-22" hot-zone. "According to another enbodi ment of

the invention the 15 mass fl ow has an aver age val u

Peepsdipg i ap smbediment A dhs v ensionargon fapt B fdé‘}Fm&the growth. The
éﬂg&m A& W Béhned HOQ &G BiRIuay Andng be avabgesali®ess than 50 slpm,

d b
ERARERE 5 3b shPadiBrd Wb Rorging W pdeReEthisg Boy HAE ot Bt vatue fess
thew 86 dlpngin E”éiﬂ”énb@menémor@ﬂg hanothpy epbpdment cpfethe invention the .

pRihasy aanRl év%ﬁ%e %10 ¥dsH thah 173 sil@h@lie@a%s Hﬁgﬁﬁﬁlbl'és for a furnace

R s Bl U oA o rin

tdlecscreals bpproximatoly with thedize afithediobzanend val ue

sonewhere else in the nelt. The nmagnetic field can
accelerate the venent. i n . the_crucibl.e,

A G s patad Tt oL e By 08 eAiOf COpPTSES GRbosing the mel t
sapetit i fieid afads be s gire tragndticefield had 8 dirstevaliiecat| the interface region

SRR iR MRl Lttt B o

wekn&he @qg}:l@:pcdﬁglgr@ﬁg@cﬁe mie B mall eevgment B theggrpcible, but also_
&Ebléﬁﬂté’fﬁnﬁ@e@mgr&yf b€ apfropridly stlbetionheft e lmdgnsiid Aeldonlso vertical

f the. h
%8%%‘?%’5 ngﬁe én? davl\fé)o o@ﬁ?ﬁlﬁe‘ﬁr@% E[ﬁ{&glepsgfg&ﬁ{n%f tﬂ]zq{a&{etlc field. The
rsrioadi megietio ficldhgrengiicoanberreduded ipnserkie e@bﬁﬁbm@gté gignificantly by

8% RAGHAY itsiRLEE oF tﬁ@h&ozoﬂagmpfowﬁﬂge{ndr31 8% and/or controllable

tretgf}hdstrlbutlon as a function of t | ocati on.
?:"E%? "o an enbodi ment of the inventi on, t he
nmet hod corrprl ses exposing the nelt to nagnetic field

%gn va ergclalgc'o&‘ e M%ngiﬁn 'Stge %ﬁﬁmT eldtc aﬁgn@ eﬂﬂ_osﬁigqhe melt to
REgehc sn% HH%‘G‘P%%? figtic 8 P ORI A ﬁ\ccordmg to an
dritediraéh od thmmoemtms thexpabodgortyresesretitosing ik tio cagnetic field
hidd & ﬂhgli Tca%gg‘?vﬂ@é’ i Bat kD80 %gﬁlﬁf ih‘é s@doﬁh dalus is Igrqs than 50 mT

essentl tricin respec . Crucl

weeTedn tiamel. AGCRgith " eEPAHmER RS &‘?%an igh. thiywethod comprises
dxpudng It]ﬂ:nmel't e Iﬂ“@ﬁﬁhﬁdﬁfﬂ@ P b ches waptthdtithg maBestioeicld Byessentially

syﬂ\r;née% %n Ie cg o /ﬁ? g%@ro&%gegaxgggg%s# g tﬁein &?l?odf'ment of the

mﬁ]@m alefm@hr@ﬂ comprises rota {ing the melt by magnenc field. According to an
embodiment of the invention, the method comprises exposing the melt to magnetic field
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WD 2008/ 025872PCT/ F12007/ 000217 29 with a significant
deviation fromcylindrical symetry. According to
anot her enbodi nent of the invention, the magnetic
field has a significant tine dependency. The furnace
waenenEsng to an enbodi ment of the inventi onPCgHITENE7
a magnet or several 5 nmagnets arranged to produce
. magnetic field less than 50,gT in magnitude in the
melt region and | ess than 2(% nl at the interface
bet ween the crystal and the nelt, to be further, - 'b dlIn -
with g ahDddveatios Gomatylindsiost SyRIRFRG Ascording tofnqthe embodmen
owt ro £Nen ' tithd@epeBdpney. | s
Gg dhge %gl%%l?%lé%e a naglrxt% ?I ow to reduce the
tenperature fluctuations in the nelt. A hot-zone
TRE Fiﬁﬂ&%@@&m&git@ ablmbbdiment (Abe fnvalttisi comppigescd [pagugh or several
pu

i ng net,hod f t fgHnsh (T BNmagnitude in the melf
A O Rpqguey B! Scl@ 380 ik sguitnde

] conprj ses fl furth
raficngciestham2C o gt Hhy isriage t@ﬁ’lﬁ%ﬁid’&ﬁ?’s@f a“td(l’%]iéé melt, to 1:_’6 o
ahﬁ,}{\%ﬁttb R -uséf Qtﬁléﬂi Bririg0a part efrthedironetht progess. His one embodiment the
I'nvention the hot-zone ar fle GRNPEh&8STe fluctations in the
mazBe 1§ 13FERess P ARYR ?Fe?[higosﬁna @ ?Ecnsul atg the 15

¥l - zone in an essentially continuous manner.

According to an enbodi nent of the invention, the

. outer surface-of the susceptor is.:RLat | ASthod from
et MR i B S ek con

A1t t fioldiieert iannenitodivhambited the URFPEdieni SOBPHTR G &GY mngef:;t
against, the ﬁfnfen firtihe uiRhiion. ASEEdihgdo tan ambodiment of the
WHBOENEN T oe}lrﬁyt[6 c |ﬁ\?£nt??c])jri1%t h%nlﬂot -7 r sulate the
ingapion Seshoteeesr e PGl FAPTHCH L FEY ﬂg‘%ﬁ% eat a‘ﬁ @
£t 9¥hd 9n RMI BReARNly Pottiduwous Inyarser. dAOrdng flace FEPo pgot of the

protection fromya QL LabMmatbdertdd fifivsivde Wepdrs from the melt.
AR08 t:]:@o 5t 3%%%@%%?%63%& f fptge invention. the g aoinst the
hadordingéo an cahodimenit ofi the HeR C hEAPLRTEE” SJEr At or

vapors of the melt. According fo an embodiment of the invention the hot-zone arrangement
comprises means to provide a pre-heated sheath gas flow to purge any previously said
surface for its protection from vapors originating from the melt. According to an
embodiment of the invention, the hot-zone arrangement is designed to reduce operator

labor.

A hot-zone arrangement, ei,ccording té an embodiment of the invention, for manufacturing
a single crystal using the Czochralski-type method comprises: ' _,

-an essentially continuous thermal insulation around the heater and/or the crucible, |
-the neceséary opeﬁings in the insulation for the crystal above the melt surface, for the
heater electrodes and for the shaft supporting the crucible.

_ holes for exhanst lines and purge gas lines. '

The melt can comprise semiconductor material like silicon, germanium or other
semiconductor material or their mixture. The melt is achieved from a solid charge using‘ a
heater, which can be the main beater, but additionally a bottqm heater can be used in -
addition to the main heater, the bottom heater being used during a part of the melting of the

semiconductor material, but also during pulling of the crystal.
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| abor. A hot-zone arrangenent, according to an
enbodi nent of the invention, for manufacturing 25 a
single crystal using the Czochralski-type nethod
conprises: -an essentially continuous thernal

WO 6473n . ar ound the heater and/or the crudi{Jfa2007000217

-the necessary openings in the insulation for the
crystal above the nelt surfage, for the heater
el ectrodes and for the shaft supporting the crucible.

- hol es- for exhaust lines and pur as ,
g watear! o bRIEIIZE SeTEERIIBESR RUTRTEa} oL gopat Of gow MLor

¥ d1drEdiifs. TR BhdhNasQit leatqthﬁle of el foﬁnm bwrorr,mhesptatusoantmmny,
%%{}Ilgggi il I%g %ag%e%éé zhige%)gp W@E}r@nﬁ HalyAiso be included.

e mai n heéater,
but add|t| onally a bottom heater can be used in

@Héﬂ h&duﬁﬁ duf Heh@adeBinet@at wiys dshe stiéd miam lie diccart bai &g from the

caiarhof o7 BaebeR i ol L e b eadfpe pouing lomons, e
triaia, leenies ttak in oMOPSGENOR @evezwmq:aem@bh ‘%@ﬁz The apyn hegler can be

- IRl )1;1&131 tl'QSI%E@B ehter IB%G RBodifnéat, Bht iAhbthegenttaidiment at least one

e e & athtnL Uyt s aven by i
ﬁeﬁd&wﬂm@mgomemhostham us ant’i rmny arseni ¢ and .

al umi num can be used. Additionally, group IV :
el enents may al so be |ncluded 5T eat.ing can b

frmaddition i ther mpinRepier.d8erg ceR 3lehs ﬂg’ﬁnﬁ’fﬁ Begtr Arpneed fo heat the
sReibld, and ﬂi&%o&ﬂiﬁiﬁﬂ'dm tHeshottbmt Aecdrdime o amqnbdﬁmgexﬁ@éﬂ@rmventlon
ﬁlggixegiig %gllﬁsl%ﬁ ve ﬁgﬁ%%%ga?nﬁﬁﬁ%' o bR &l Blirrent '{@C)"T@lcsordmg to an

one e t her’e Can seveﬂ th ducti
hehodment Tiveclmen iseflcby clismpineapFEat (Alpefq uiilize the inductive

gﬁﬁ)'eﬁiteé thﬂé%ﬁiﬁ{g d8meeAeahidel real embadimént tenotthanface is heated

SRR OB 1D & B SR 1 it iRy ”ﬂ%@% By andlor o

HingHnuribhe teepuenty athe tenaed egioe of femeelind il el | n
addition to the nmain heater, there can al so be a

S ARy T g i o

Ohs bhenbryebts fomt neidhedtier hitagong to e@at@tqool@d SIEpash th the puller

s%%cgﬁélg@e 20 &% B¥1iqﬁ11h %@&Eg@ﬁ%\{e? e &Gt ardE @B B@-dofe. Such an

odi nent

e el ene lL.te
dusmlaine camdyave tppigally) SUEERY: Res bt 3‘&" Bropr Mgy below 12
tilventiendt sven elopsraditantadenuslydess gh4m 1 Gl Wemb daxerfemtlcq #peording to an

gep{?tgﬂf?ﬂ}ue%l gtc t§e mvPHifc%t c%gnl?gi%s%gaﬁﬂ? a4d lllééd% He zﬁﬁﬁtﬂﬁfmallﬁnsulamg ,

erar.ure,

il in Ghe hyiezongriBh ﬁ)élﬂ#@app'éaﬂa%ﬁ PPy B e poitalig perts. The
AR ABn g{aytctiﬁlpfi?é par@ficht bld@is€d yirbpdnly, DOt prefeoabi thg parts can be used
an epgbodi nv 0

a9 Wﬁ{r%%er Crﬁjiéﬁloattl}ﬁ%hes E‘h? IElehgtél é\aﬁ}ﬁglﬁ}tg% @ Foss X hlghly Porons
istractohe iohseti e thedot-zanednaulptigat er - cool ed surf aces of

the puller surfaces bel ow 20 kW per in2 averaged over .

the surface area.of t hot ne Su an '
onttoc e o) s B bRy dematy
agodting geoibet, A doalding th 20 bmbmmebmf the/iayentign the covering member is 2

| g%[%p %e%ﬁ@%%n{agegf ér?b‘ggcg Jsgrrﬁ@él gggttﬁlglh ?;{/r%t&iéﬁﬁ)ﬁ According to an

HhorliesBR0tiha BT P PoVeTSIReoR SRS POy il e pymeed so tht
11RS bdvafddneridd a@ea ialadjustablagevio tungtbe giiveh pftha lcaisiab nAccordmg to

Can bbe Sof ttr?ggh ﬁver[tfog'etge iglrgltt zélhéagiélﬁ lgy é§ :lﬁ,llg%e h&t’c@r durmg the crystal

qmllly ,Actmtilqgr tof & asb lufbe suEatiop dbe, 84pg Trgiher comprises a
sgyeral crystals or batches I n one enbodi nent

aerogel or simlar highly porous structure is used in

the hot-zone insulation. 30 According to an

enbodi ment of the invention the nelt is partially

covered by thermally
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i nsul ating nenber. According to an enbodi nent of the

i nvention the covering nenber is a plate or a

approxi mately conical surface or their conbi nati on.
According to an enbodi nent of the invention th
WORPBYI2AH 2 nenber conpri ses several parts arrd’ﬁﬂf@'?dm%ﬂomﬂ :
that 35 the covered surface area is adjustable, even.
during the growth of the crystal. According to an

~enbodi ment of the invention the nelt is heated by a

‘surface heater during the cryst

cording, to e
Hs monaitriethe prilngbat the BHEP 87 5% e%%ﬁ@ﬁ”&ﬂﬂ%w S Sppropriate
22 isSRS tod 1Bl Ik officikh: 2RO GPH8FPRCRIFL 20 PRVEB0RL Fppropriate

(fqmllﬁg{l 8% F@Or %]eg q:}gsﬂeoché HJ?H:BQ k.thh@ gleélhvaaku&rﬁ Colititiddis d@lﬂﬁg the puil.

urnace 1n prlat gl ons
A@uﬁmgmDmH%#@@mﬂMﬂf%me@ﬂﬁﬂﬂ@ %ﬁ%@ spied by a flow

ARELOher FoPh FnalR foh tanRRE G atsﬁxgléocffpﬂsll dsir@nehe fCzbbiaralski-type
‘%8‘??8& nsSi the furnace in the near-vacuum
U5 %‘Hﬂ?‘ieﬁ@n?‘??@’rﬁﬁll According to an

(&)prﬁ[mg n]tanﬂfer vihthe mye@hgnowmgt fiyenape, gvicheaggommodates a hot-zone, the

gﬁg lc,@\g{.SB ar rangenent for a furnace for
rin

| ngl stal, ysing t
Plglf‘i’r ‘ﬁ‘%f"—?‘i’ ﬁls%ﬂwdg%f' % % qnd, conpri se:
(m))a li?eamﬂ dritegting theizaciblefto b bemyeranse b mgh d sqgucroudmenatenal in
e|C yccommopdat es a hot-zone, the hot-zone -
conpr|5|ng anong ot hers: cible f

(1) hol di
e wm e fetiarias crasble oapsil etsoaeeopRigi o Siiiom the
‘heabr! for heating the crucible to a tenperature to

Lh bl
el LA FO )
smircond sttees mgpstoghe wnpeirarted the mdlng danlerdi t i onal |y

Mn@eré g&%@%%ﬁﬁﬂﬁem&mam@mﬁﬁmﬂnﬂm 15 one or
inl.ets to the upper part of the

nore ipert gas
E‘ﬁ’ftlg ‘?iﬁ‘ﬁé;romé’ﬂ%n%r nore -gas outlets fromthe
imetttgm*rﬂmchdmelﬂi;ﬂnh abye dhi@erbelrzangert gas f1 ow routes

' ﬁ@m&ﬁ ﬂoﬂfgchannel be:mOr divided into at least a first route and a second route when

entering into the hot-zone.

manuﬁ

A Czochralski-type-method according to an smbodiment of the invention comprises
.conducting an inert gas flow from the top of the pulling chamber into the hot-zone through
two different routes: a first route and a second route, from which the first route is directed
towards the melt along the pulled crystal surface and the second route avoids the melt

region.

According to an embodiment of the invention, the flow arrangement comprises said first
route arranged as a channel around the crystal defined by a tubular or conical part, and thus
arranged so that the flow is arranged to pass to the melt surface region. According to an '
embodiment of the invention, the flow arrangement comprises a second route, which is
arranged as a channel leading through at least one or several orifices through a top cap of
the hot-zone supporting the tubular or conical part above the melt, but arranged so that the
flow does niot to pass to near the melt surface, or the space above thel melt surface mside

the crucible. -

According to an embodiment of the invention the purge gas flow is arranged so that part of
the first gas flow and all of the second gas flow are later allowed to mix agd guided into



inert gas flow channel from above to the hot-zone

inert gas flow channel being divided into at |east a
first route and a second route when 20 entering into

t he hot-zone. A Czochral ski-type-nethod accord
WANOBHBSTE ment of the invention conprises cof @@%ﬁ@m&u7
an inert gas flow fromthe top of the pulllng chanber
into the hot-zone through twe; different routes: a

first route and a second route, from which the first
route is directed 25 towards the nelt along

theikapeef the geanas! T eamcaro dular marts kacaird 2t & éﬁréera%}l%@an the main

e HeBRr, MalsidetRY! s@ee WeEOhE hagrtagd 8 sitpdr BrMbeandd, Wihile part of the

10

15

20

ntion, the flow arr e t r [
A aP P e ise b Do Seisa e Sy afind idlsh ono or
Idaémnﬁdesbyﬂ:& itndypedsin dre lewericad pf sbaphannalnd t hus 30 '
arranged so that the flowis arranged to pass to the
mel t_surface re on. ordin an_enbodi pent_of, . :
RSrexiin dn i GFOQIRoHY sty PAYRHaNE HOHGr Peded gnains carbon
SacandisDef esiliodn apstilesentidlydetbval.s ppohdn tel enl @f dierhgdy of the

I

r% Jtzﬁugllilc @#tﬁ%e%&gi?%lﬂ O%ﬁ‘%ﬁﬂa‘? buP bldnl £8% 1RLRHERUSY below 0.1

p tap zone s orting the tubular or
WoH cal part above the nelt, but arranged so that the
fl ow does not to pass to near the nelt surface, or

S S ot B e o
gl mst@lhamgéhe Geochadski-tyme method (carmpisee pdl OWoaéﬁ'Pgﬁn J’EFGOT
ﬂo%gﬁﬁ)o Hﬁ tﬁ@ﬁﬂeﬁtfdﬁ mt@stﬁlﬁalbe pulleduas colapridea oinota sﬂ1c0n

V\/ﬂ t to {

i Sgrng b et LDt AORE B Sl of the
ilnealtlen jthe emramwﬁg carhgrises msaushia rm@ntatmwéﬂgglh c@&?@n‘é&ﬁwféﬁ -
@{]ﬁaf hﬁécrgﬁalt Qsetﬂe%?é’d dRedrling 't(ﬂth% s e Wﬂl%@t&ﬁaﬁhﬁccordmg to

anne cQr t,o a

FRRPAITERIL 6D RISHRRR BN A< P A L3 S than 15 ppma within
gateentafayi bppmh im fteidrystd s meopsired ates g@mthgpfmyerb@ ¢fithe crystal

S PTGl 49 drodncnlnige, crystel ot

advant ageously below'0.1 ppma. 10 According to an
Rﬂ’@ A0 heodfing |ﬁﬁ aR tmbodimemngehe frventimnesihgcises mpaps 40 monitor

g]gléﬁg‘?%r%% é}%el? ﬁ& J}{a},& al)w%kﬁg tﬁ dy of the silicon crystal of less

conpri ses

) OM/arra
_ thee &a dlpngfor @ caystal e dpnemexygen P%@W@ﬁ ©f dn Pp’eﬂﬁvebut according to

25

30

35

éifo)lh%} Blbb@nRAt PHihkafveatsh R PlicSe las eeyc0oflpm, aid inctii another

1{02151[??1}1]39 glrégﬁ%éﬂ%ﬁﬁgﬁrﬁonﬁow? %ggl ‘%@gntﬁ%gn nconcentranon

mmmsasmrmm@s Treaghewn @om.am aiferreex gofRd during ; first 30 % of
eggm 104 P hocbRiitglio hn RRBBdient dTehibyatioh, as
ure ccording to the ASTM F 121-83 st andar d.
Accordi ng to an enbodi ment of the invention the said

. Axflgenarcmpenaitr ffii onCioshhiskistypdvamthdd ppvtdapwilingiagcogding to an

,%ﬂb%%n? ﬁﬁ{e m\]rerRB 0, Bngégect cglﬁﬁiﬁ %loun@ﬁtler&%%% i8hedtby a tubular

enter ne of 91 al ong‘OI I’(le d channel
.%rr %JEG&I Pﬂ%n@f’ﬁ? apng] 03?“41%5% 7 aclehrgg18 P4 _ATER ©
RBMing through one or several orifices through a top cap of the hot-zone supporting the

tubular or corical part above the melt, the channel of the second route avoiding the melt
surface or the open space above the melt surface. 'According to an embodiment of the
invention the flow arrangement cdmpris’es routes for the gas flows through the said first
and second routes, and the flows are guided into the top of the outlet channel between two
tubular parts located at a larger radius, outside the space where the heater and the crucible
are located, where the flows are allowed to mix. In order fo take into account quick



An apparatus accordi ng t-o an enbodi nent of the
i nvention conprises neans to nonitor and/or input an
average argon gas nass flow during the body of the
silicon crystal of less than 80 slpin for a_cryst

WA REE2an oxygen concentration of 15 ppnaﬁﬁﬁﬁﬁéﬂmmnﬂ
accordi ng to anot her enbodi nent of the invention the
value is less than 60 slpm ahd in still another 25

embodi nent Iess than 40 sl pm The argon floms are not

oun to th en co centrati al ue as :
ol it S R TRRPRER 6] e rhpower, tho
ﬂdw s;traragan:&’ntocﬁam dmmpmsysat &astb@‘dyﬁﬁeﬂ@ﬂ@p@@@lamﬁﬁ dhat graansed, the

- %@OC mydo ) dnrla Qﬁé cﬁﬁineteﬁffﬂh ﬁé‘l t&bhe ﬁ‘mt softdt a first set
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-type- ne sta ng .accor
ecopd geﬁés a, éfﬁ:pp ﬁgrﬁ%v%%veﬁ tgegsets for the .
ﬁhﬁtﬁﬁtﬂi paits @unik §e|[betedray $hsd ol abveand thltey wayd, fdrihstencerby the crystal

@geg &, ré’sff‘s wy,téag d&@ 8l RRFRH erhatkﬁeoé@éstgnwa&@%ng to an

a’se channel |ng t oug one or
axehpdinagnt gfﬂrpﬂm@eﬂ%mowgh agvaydhat hpinger dReIHRL the gpening for the -
c%y@n Odéﬂn% bﬁ R ﬂabtb wb&y fob ItheCa@IBpt@t?dn, ﬁ)ﬁilhtthﬁhmge of bd...1.8 times the

(ﬂépetér ea%lg%g}%e glb%lgﬁe érg era%gf b%Htt F%ﬁ gx{n?@th‘é Ia?ameter of the

ace Jabove
(syﬂtzﬂace According to an enbodl ment of the 35 ‘
i nvention the flow arrangenent conpri ses rout es for -
he as flows through.the s irst: and se
e R L e bt PRt PSR B, cappeiaty te
«asuichml)pehpm enhd/dreflwediretbatiomatar can heanads dfcgrathitd. Ehe msulating
I% 6 e AN Ut soft Sﬁfﬁ@ gﬁ&@%&ﬁﬁb@é ?aﬁshﬁ" %@rcaﬁﬂ)@ at least -

e cruci ble are ocat WS are allo

ere iggﬁ
negfialiy goatediwith §b Aenss Siteia@d{on dgmand Bl pndionryRoLY NS &rep .
2008/ 025872PCT/ FI 2007/ 000217 33 assenbly and/ or

. ,%' f fcﬁ epot ab %Bl%g?lﬁlfenf Pi” %Ie%%eﬂ'd?)ﬂt th%atg% gﬁrt nUE akt- H(’Srﬁzdcompnses

gr ower W _arrange rent n conprjse

e ﬂrrmaﬁdéeﬂ@k@aﬂ eagigpoendls bpkfans PrRmiossines & i 6‘16 &Tﬁ@ef upper
1%.% ePEel R Rt iRl haba srefess ©. ]@.ndﬁﬂgetodlsahﬁhélﬁ of ant individual

'Raftr 2 ofcﬁ gr%?ugp gﬁaé}%one e]%: Q9 d‘i‘l%?%ﬁ'u%mfr% fn%g/ cgﬁ%nkes téa,spfoclﬁng means
ation et e dockHuviov & relaabrcasiainparts that pee ta(ba pifted from fage;Bat are not,

£HHINE ARIAGHEGURS RASRM tOPUISEIE haks BAIES oWRYHiedS OF

I nstance by the crystal orientation, resistivity,
dopant, etc. The flow arrangenent can be desi gned
'Bmommbldmntmofahe ewbatitinmeite the stows/fumasntoperatiom by therppgrators in

%Xﬂ&n@ q{ket 4 ngfgy GingRtE hakiing 38 r&ﬂaﬁ:@in@ﬂ; bOhotlBBe parts casy.

stal, t he parts used f

o)
b AR Rion Qlor e RE e PR A oL 7o agd lso allows tho
dheraftet e cadfer hfpeogh onihegruibls tuad gtharpess pffthé kotedohg. The structure is

%b a%%ﬂsZWPeI}CIQaﬂilllr%ﬁ% ﬁcﬁ %oﬁjé %{Ha{jﬁfovﬁ% thd) ﬁseﬁoﬁlﬁééséxﬁlble and the

e I nvention
ramawgeﬁfemon@aﬁqrsnate% @"@F’a‘th grucihés, H@%ﬁhé%ﬂfeﬁﬁﬁﬁa%ﬁ Pﬁ)&fl’%ﬂﬂty So,
HACCRT b lsaled-thitke phphiatioh pdrthe Gaflachdomadewofun thus increasing the

The |i. s ul atin
SRR R AR R o B8, RSB L o
doebodimdng g£ the invention the crucible can be charged oufside the chamber According
to an embodiment the charge i 1_s loaded mt_o the qrucﬂ:le and the crucible is lifted together

with the charge and susceptor into the grower.

Making the parts of the firnace adaptable to various crystal sizes and easily replaceable
gives benefits in cost, quality, yield or productivity compared to the case where crystals
with different diameters are grown using a single hot-zone design without other adaptation.
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15 partially coated wth Si, dense SiC, and/or
di anond fil mand/or pyrolythic graphite. According to
an embodi ment of the invention, the top part of the

hot - zone conpri ses neans arranged to make | i er
WR2HYNHAPE hot - zone parts together with the &FS@OSWOM”

upper -parts, The hot zone parte can have interfaces

.to handling tools for a |lift3ef an individual 20 part

or of sub-groups of hot-zone parts. The structure may .

conprise fast-|ocking means d | ock anc\Vor

Kolibe| EoeTBeR: AR (& HrGROGPR oo FFERG righya fumace

doh@&@mg hatmdille fm@tCzoab:alﬂbLtb'pmy%@llghth forr el aesprises at least
elgfe%%‘ggvcyi “éﬁ ?cﬁ 4 E% By LS Fat en%ﬁ‘cetcﬁ the flrhide88d at least one

I nventi on

@Jﬂl@w&w Phpemekce Uiy A AL g NTESoErA 8 Bp Ceop sty betwoon a flow-
gndd@fm@aaeﬂu WBich iid, tdurigg Gidfrowthodftee wiystel, hamsted g doide said at

ac
R B i AP PP AR O T
fldve ishptidedoriengsmguiding guiyce éq\@nt%@e gfi’étrrﬁﬁl% efaa?? féaem&mg the hot-
Qr%&stsgldts%nﬁ b PH S m;ﬁgé&&b apeid tise V\?ﬁceﬁh;&m crucible above
e s; | s advant ageous when cl eani ng
TZ%%BE’S% © ﬁ‘%"géﬁg\?fﬁ J*°t he used silica crucible

and the remai ni ng sem conductor- material fromthe

i %&%th&cb%{geﬁsﬁeﬁﬂﬁuﬁéﬁdﬁ%é HiveitionSempsles a guldmg .

ti e can be sa

o COPBRTLSER AL f@ﬁﬁé%?gﬁﬁﬁ%ﬂ@ ot F%tio‘#” e following

B Sateca :bip@oﬂ af ileaechaygadsced ciystal, nybtd a chstayponedrstsig member,

z?ge%gﬁ(g{hgﬁ lefitBR aff gﬁ&ﬂbfgﬁ gﬁrtgg Iftuéi'ehﬁld' J‘fﬁﬁﬁlﬁl‘ Q:El/dr REnical member. A

ruci can bé cha

ot SranEEperioarIDEn0 A FERGTIERE QE lagersugn Fepris pe gt parti
ke csxhyﬁsdalz@eaanda prkige ﬁfelﬂ‘dvb teeritar 4 fifatefhoingghe biergenof Which the

IP%E oﬁgﬁ% nd SUSC%pta{?lr SEC ap?&E% v W brrampad %‘lﬁhﬁg Sa:[d space

FuFnace a e to var| gus. cr%
hcmgsﬂlan‘haleasm f}OW eptanganl aceidiag theReriodiment o5 dhe invention

éliﬂfﬁﬂséé/ al Xéa@i dndrof pJaRﬂ AGHE WEt Y COMRGIaSL a9 drbpganse mhlbit the

ere cr als w different.dia
'E@ﬁs |e‘éapﬂ VE SpesIes grgm tH &3 {Eﬁoﬁ%&o ce%aﬁw
adapt ati on WO 2008/ 025872PCT/ Fl 2007/ 000217 34 A

| &%ﬁ% &@%egﬁmduﬁe&%p&e%{ramaﬁ b agt rmmtse@fndtﬂmai flow are -
I nven

O} e DY SR L DB AP Byt fecoRlingo another
aovgdith&e so atit thedst zcmeemd/nt the-finew sehraainky| frcop pach offzes. According

|
tfonaglv%g"i\%ngtn&#t %‘P’tﬁkﬁt&%ﬂgfgﬁ tg{ ﬂttSwE eclnfahﬁeﬁﬁﬁﬁs%@n th @ Iperable with

as o t
0k URROTalAaIPFE] U COPBIES £h rl B ChaisoUSTinG S, B Sb, As. G, |
Sudgler 81, loaligeTe bxidehifeh, bside dfnisgd hide gf @t 1. 6w tarengement

SO A 5 S0 bl i, Y o

Whlgh/at @alﬂhalet ﬁawacmeétmwﬂﬁ%aat Ieashng of gsi %anagoﬁ@ inert gas,
ﬁg&yhgﬁ-ﬁﬂ,]ﬁﬁl&é@ﬁp}@d&@eﬁnt er the nelt region before the
eXxi ting the hot-zone, whereas said second parti al

flowis arranged to avoid the space in the crucible
Abovding 4 dnnestodithett orfethe fieveation fhegtubwar palorzemmical ppmber can

AW AL ORGCIRRE BEGOEEnAECA oanamreampqzkaqjm Of&c&di&ng to an

| n ent%gnﬂfﬁlc}?e iilgl}sﬂ%?l gul di rﬂg}éﬁss%{]aggarf %%%’{"W&%YS@ which

lﬁaﬁtdaheeﬂanth@nﬁn@macdcﬂmgarmabport of the seed
crystal, seed crystal, crystal, a crystal part, a
first dISk menber, _a second dISk

Adit omagertsaf geordibe 1o ah@okotigisal B (e, Y GHop sampsiyes a tibular
ARIRbuicd Mémldr epaniallgbgessaniallporor-giially moumable around the axis of
enbodi nent of the invention conprises said first

partial flow conprises neans to guide the flowto

enter a space facing the charge of which the nelt
originates from whereas said second partial flowis
arranged to avoid said space facing the charge. A
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15

arranged to nerge before exiting the hot zone and/or
the furnace, but according to another enbodinent to
exit the hot zone and/or the furnace separately from
each other. According 25 to an enbodi nent of @‘?2007/000217
OREA the fl ow arrangenent is arranged t

operable wth such evaporating nateri al that

conpri ses at |east one of thgsfollowng: Si, P. Sb,

As,. Ge, oxide of Si, oxide of P, oxide of Sb, oxide

ofAsandOX|deof G. Aflo n or di . .

B & o e 3L RIS T R £ ivemion
@mﬁa&ﬂ i suidtibudarcind/ar gaseal wisinbbr mmpsiaq%sdhmaé insplaen arranged to
'Ch%} m%? a§teo°‘f satd £ 10 BB tfﬂﬁ phalof e Afidin@ Burface from

THert gas on, heltum_njtro dr oge
m@m initergetios vatﬁl eqiRentEt Qfrsai st payt fﬂw ap p,gcond part of the
¢ iirfB HyBére@ORid aim ofthe forsinpurtialdlqyais enitringt the melt

fe[&F i eCy ﬁilpgd“o £ rfle ﬁ{ggg%ﬁ%ldﬂaé&g Tk flel Relt surface. A flow

I nvention the fo ra
mgm@t@sacaOMt ta @m%@odﬁiﬁf@ﬁg%\%"‘ EFGRECD CQIRPT$ss 3%ud thermal

gﬁ% Atidaae gﬁ@ﬁ e&jﬁ&Fmgggi%ﬁodgggﬁchbﬂwﬁﬂﬁlcbﬁﬂgang’aytSdfahe groW®erystal and
00 PR 1B pedpt gerart cabe aat Ngnf YShRanbth Afmet

of the invention conprises in sal d tubul ar and/ or

KOR$ %F%E@ﬁf acEQHHfg‘ ®&h érﬁl?d’d‘i@ént Io&rswé BlvbRdnak raﬁa@g%d so that a
to I nsu e. an_ 1 ncl dent

Lirst partia
mhely and/er squice] mpmher Gps 3%%{??18‘%%51& Hraf g ¥ettoct thomat
fabiatiom fronn ey elti ad/oni 4 kecohé rs%@tmdsu;fam ansfngsditd reflect thermal -

Jadfaﬁ&n R A é:I]}SRlW ata %Sﬁgﬂﬁgnﬁﬁrécc&ﬁm he §n Quivelitnt of the

ace, wher I NCl of first od fir 4
insiention|is Wé%eﬁssoetﬁﬂte‘ihP rfgstt st Rriees {5 Srmaé‘ﬁ(dn’f‘ﬂaé om sai
SREAN SRtk sﬁffa@alﬁcbcﬁﬂdhfgt topafi tanddodintemiv of sthé emxeintign tahdeast one

3

e AR Bt R P IR R RG] rent sccodig

20

25

30
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I nven S Sa

forrausimbodiprenbiel tac invienfean is erringsd pathat e vt epd/st ??@}cal member is

1R 600 r%rv@%é teﬁfpeﬁﬁ@e 6 ¥ Becohidesy pdrt efelidofirsd il flaw near the
P fron%ﬁg one region of the space in the
F@Eﬁ'aﬂlr‘:é ®relt. 10 A flow arrangenent

according to an enbodl ment of the invention is

ﬁrqq%!?‘ &?ﬂlrgéxgeﬁt helordink l&bb&{ afibdbalor 6RTheMioiesEseh aSthe tubular

AT OISR TRBTRT PSS SR LRSSt Bich HeLEp trate FOMF bach other
(57 afgapet e masrgeelt togicne Al Bew atrivegemeht acaelilingi to an fembadiment of the
{nﬁgn %?tafljano%eﬁ‘ N tﬂ%i’ AL LARNGE R r 26601 Fhddhdr Qo nses a first and a

I nvention |s arraqged SO

edeond FUBEes, evfh.@c@rsrsegayatﬁ% o g R 3 85y emhstnsaf -melt region.
B e6uRliS 2 kelarb @aIUHm e folf €tet iovensiun frrqep i gaprafirafirotos sanface dividing

SAPe ob e A AR Pl AR G0 B fetor sutaces

€ as a ow gul

Actdrding 49 aamg@némenaeﬁ amirm@mp@ Yaem GBS R (s g ﬁéleeded the
kéﬁ‘eﬁ%ﬁ&ﬁ Q'Per'sﬁldagraf) @Qﬂﬂﬂe@&té&‘ﬁdrﬂilh@thﬁﬂwﬂ @pp@nBidhes with minimum

Fast e B Bt BB YR G Salalf g possvic A o
mwigembntfacmdmg do an leenbpdimenirpeihatinvestion compprise pych tubular and/or

ﬁ%mbér %ﬂ‘ﬁ’ﬁ)‘%\ﬁ@é&%@ﬁﬁ 01?691&@ B Aoyl Bbe grown such a tubular

o I ment o nventi on c ses [ e ul ar
B OTIB TIERP CT IR SO g L %35%3?1%&15 Lfi[’# g a first disk
Wiainbbr &ldea sepad diskdnémiom wherbmwahbparbss aragapl w defing a gas flow

?r‘g @d&tﬂe@?él?%goﬁ flow arrangerrent according to an

ment
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25 invention is arranged so that the tubular and/or
coni cal nenber conprises a first and a second
surfaces, which are separated from each other by a
ap at the near-nel t regi on. According to an
“%hﬁ%ﬁ?ﬁ%ﬂt of the invention the gap is a gaﬁcggnmnmmnu
refl ector surface dividing surface of the tubul ar
and/ or coni cal nEnber to saidsgfirst and second
reflector surfaces. According to an enbodi nent of the
i nventi-on when support over the .S needed the 3
Adloay srangRms aEouRing tahepRodimAlt %ﬁgﬁ‘t%ﬂ o PP Sith a flow-
gﬁﬂ&hﬁﬂé flow pRakdenteni fighs cmmphsematﬁeaau maiohtiacthicddiegmsober as a

avo't,%g ng., &L AGen@hE A0Afat said at least
A& gsgg%?‘eﬁag%g ow ar r angenent accorgl to.an
m@bﬂme gueldmgtm@nbm%mﬂ@ &fb j & deast E@ﬂYﬁfgﬁPﬂﬁl wall for the

f%ﬁén, GRH H8 Naﬁﬂ%%ndtﬁ@tto befid fArsopartaidion frd/@mnelt, of at least one

for C v
%ﬁg ot @i‘le tﬁérﬁgeéj?en 8?1? ﬁ‘é%‘bg%%@ﬁi%ggg hﬁf‘zéﬁ!asgltgcegtor, crystal
alr & tublular bed/éroionival membes. first di sk 35 nenber and a

' -second di-sk nmenber, wherein said part is arranged to,

o S ape b o PR O S B B e e
patialr ithw and/ar the sesobd dantidniovgfa repien iewigading oo g@t}qg floweahannel at

fhﬁc %u{létod’f' tﬂ 'flgrﬁaden f&nﬁer%g% @&H@B@&F@ﬁ& fﬁ#rﬂaﬁ&l ﬂow and said

r| ses eas bne tubu di n r%in as A s
i*ﬁ‘a‘ aistid ﬂ/@a‘f | Alow apangeTgeitacsPr %(‘ﬁfﬂl £ ?ﬁt"i © 1nven
FfingedEo tﬁaﬁa Fgg; @it BRmasgedttd kiad $@to d calleckaragiterppganged to collect

B ;“ sl G PUHRIE md Spdh{ BPAEA 4 HOVIT RLAEABkngemont

r ot ect |on fromt

| mp@h@ t@rangqrm%@dmytpéthgamnﬁw sstarrﬁam iR Rl o in the
H@slvtarraﬁéer@ént h@@%ast@&ﬁarﬁéerﬁdﬁ@ sf<drh @niangrt therhefatAl figw arrangement

, g (li? g gg{g tgran IH% 39@[‘]3[; %#tge gWFﬂ i l%?tjr i ﬁ%@é& thQﬂflé col%ctor systom in the

flewinerngeteht iow refircangysivarir aaxgﬁéh@qufgmaag@do enssal Frigrk material.
of the invention corrprl ses for the first 10 parti al '

fl ow and/ or the seco
e asemetipograed o g fmatet e Ry i) Smpricer ap additonl
dbwichendelexiankng tbahe mmgﬂwtg)f ithe fSenack m‘g@g@hto%lp}ﬂy pKygen or air to

BRI bl oI' @ %rgpagﬁ&eag D 8bdstiftbntl J)fOM.s{e Anfds0\as andfor dust

arrangemnen aCCOFdI ng to an enbodi nent,. of

t he
pPRgiB#iTEo foms ther ghgéd floy fFangenent 2oy dme ef L embodiment of the
aﬁ‘éﬁmﬁﬂd atrfnge@adl tiantie fovcatdngahant nsyartabnnaratayapets and/or dust to

‘é? pass1v e& com?gsrlﬁét%dﬁﬁhe ot fgﬁbxﬂlhgr?be 2519 & NG HAROEIBY, oxide

QW arrange 15 ’accor di ng
D%ammmas%moﬁloméofﬁ?entl on is arranged so that
a collector systemin the flow arrangenent is a waste

x ﬁ%‘%enent Sﬁi%cgigﬁon}gg%t ﬁgla E!%gng Sf the'eh‘;ekﬁ%ﬁlh is arranged so that the

ﬂwwdeoarrangemmtam guehesd to hf:-ita rRelcEanined hot ﬂ@giﬁ%mermel‘f in a
}rﬁﬁ tfih é%tﬁfer BB BESE S &y&ftﬁftbrﬁﬁé’ré(tuﬁyﬁtw Qirareatittaccording to

ereof, arr ngedg&gﬁsave CO Sotﬁatgﬁ%gaten aI ?x?g[%ﬁf%t is arranged
tmp@mdecmnmmmum bext fhm dddt hasinalpart o whecingwiatign in the flow guide

| ?\ﬁtl%%ﬁjl' gAtiﬂ)& &?m%%eﬁ%%&&n%to e ddlaE 6F AL HPREIRG is arrariged

alr, to the outlet or ex
fothahike §]¥) SN isagangedde gtuﬂg a JowAn éx?'uatﬁgghase {iansition of
gRAhpdrs ﬂﬂﬁtb s€ohd pmabf sail firsoparti Al dlowdiefare hefoluiet. A flow arrangement
as r% ?geg%%se a%%ﬁzgérﬁ ttﬁe ﬁﬂiﬂﬁ‘i’d ?i]ﬁh\tﬁ e®Fso 8 the merging region

rran e arrangenent
tmtem i edipgieble émfeavf 6rS§t SemPraTing ats feastOnpsvlee Operable for said
,c% gggﬁﬁh lﬁ&iﬁahl aﬂjd@@n@&t. A €86t arRngenednt béverding tooau ergbodiment of
Si, Ge oxide of Sb, oxide of As, oxide of
P OXI de of Sl oxi de of GCe..
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 SbERASTED b on 2y R

- the inyegiiah is errengsd spHlat ks Gishend @@‘PWSEJQE%FP giged a8 merging regions

A flow arrangenent according to an enbodi rent of the
invention is arranged so that the flow guide
arrangerrent is arranged to set a pre-determ ned heat
flux fromthe nmelt in a 30 nelt tenperature § r_[&[ﬂ

W&Vgﬁﬂgﬁ *n a crystal tenperature. A flow arrange %7/?00217
according to an enbodi nent of the invention is

arranged so that the flow guBde arrangement is

arranged to provi de a m ni mum heat - flux via at |east

tﬁgﬁ-&g}?r tﬂf%%%gk £9 O{t‘rg,lﬁ%n Igeel%gnlalg%gggg léjﬁijlfs‘table accordmg tothe -

atzodfithenystdfgrawtd. i nvention is arranged so that the

f1 oW gui de arrangemsnt is arranged to guide a flow to "

nhi bi t hasetra on o 5t or he
& Horarphrmiong pocciiias 19 P e pegBe O i bRiogris fged so tat the
10etgingtregidn fslseﬁ/woaarﬁr&rtggnn it a fcst phate 0§ thesrystal growdll prrbiota second
1% ioh NE % ocat i gﬂ&é'ﬁ %Er %%r&g’tht @@Eloﬁvhﬁ’rdﬁﬁélﬁérﬂgmcordmg to an

t b
SEERRH 36 1h TG BT, 8 B a4 second phase of
aﬂl @@m‘n@ gHi® Hirdt QEgibn @nd alil msdidilidrregmmafd Iookh arranged to be at least

"nE]R ac@grdm)l@o an embodlment of
he 1 nvention i s

rC

s%ﬂilﬁ%ﬁk&ﬂ t];oiﬂﬁﬁ ehidiindpdrPot ?ﬂo@hﬁﬂg okt dnignl @loywsdndlor second partial
Bro% oy Akl om 2t anaement, 2650t Sl 00 ADeAIRSALIERL so o

nmergi n
the giewging szivets mmged mmtabﬁeega @rspéaipl dlop qhgmnebwa%r@a@ﬂ outside the

D& HEhRba! of HeMbPeand to a second region in a second
%hase of the crystal growth. A flow arrangemsnt

~according to an enbodi nent- of the invention is

@rﬂo&n gredhgamertt hatordibg tovee ﬂmhodlmest ofathe irgrentomois ;atramd o that the
éﬁ]gaxl gﬁé %\é@?ﬂse}ﬁ galft i Qig‘éﬂ! t@%gn&ﬁba% RPN Rceive material

e at_| east part
SpRhErE HRomORgIHERS By ﬁ%el GarRgd &l puitTine Hldy to said region. A
B6L efsiga@eitaceindaghodi epmnidinént bl tteiaventiveistarrenged so that the flow

arr aerge(émgmﬁglﬁ%s bl e AP REH ﬁﬁ@agoea%aﬁffﬁst partial flow,

*ehwle thmqlgﬂqms il ﬂo‘af Off %Walffy Pﬁ 'e\dqﬂ*ilfrnét% fowss ?qng}ﬂSﬂg@WGast one flow,
t%rhdﬁl;ﬂévu@% B4l A)Qfow ﬁ'l‘anéér@éﬁt abedrdiapvi@id anpetiBait of the invention is
e

33_? a?:x g r 85 % ?n R odi. first: a%g%ﬂ?’og@%ﬂrdos&d' s%%pnd partial flow is

Teeghj crostabt diring dleaﬁl’m@llﬁlﬂﬂdfbwl@h%ﬁ plep it eacrastaleogﬂo n
out side the grow h chanber of the grower. 15 A flow

arrangenent accor nt of. th

R ontrdacnat aautipet SbemRofRere oYt op Sgises means o sc

thompid sitthe doparate ofhtb first rartiah dgediot pidcemeshpatid flow to decrease

BRALRm a% I%]%C? bf the g&él' k?::,dyfcﬁﬁﬂ@ cﬁr&ﬁtﬂrﬂf\‘tﬁ@ B68y of the crystal A flow"

origin carrred an enteri
ArEmERent ﬁ@@r% tOA?I%‘ FaRERTIL 10§ iR %eﬂ&e’& SYTREEL S ‘Jaﬁ\%e ratio has
£ 5he e ntiiloh firteariisune of inpierias imticacrgeiblesmdthatotchealue with a

secor}/& amount of material in the crucible wherein said material comprises the charge
and/or melt. A flow arrangement according to an embodiment of the invention is arranged
so that when the material in the crucible is arranged to change from a first amount to a
second amount as a stimulus, said first value of the ratio is arranged to change to a second

value as a responseé to said stimulus.

A flow arrangement according to an embodiment of the invention comptises at least one of
the following: crucible, susceptor, a shielding member, a merging region, the charge, the
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20 arrangenent, it conprises neans to guide a third
floworiginating to said first partial flow, which
third flowis one flow of a plurality of additional
flows conprising at |east one flow, to a ne

WRYPBRBTA 1 ow arrangenent according to an é’ﬁ:ggg%o%quzn
of the invention is arranged to set the sum.and/or
ratio of “said first partial ggow and said second
partial flow is kept constant during the crystal pull

et e ioree b i elga FB it P P letce et o

' ﬁ@‘éﬁﬁl&& QP60 HRd I2S@BulRE adort ® comital trhembeatanangsd tohdefine the flow
G oL ichl® abhiS PR Ol LR EFboRF PR hase of it A

s of G G B dnC e e

f16y Sirahgdpeny adordineytogmombediment RE thsoayengen s Dartioular flow is at

&l n%%églofﬂé tf)#l&w 8 SO Mlowd 60fidibgall @ovar merged flow, a part of
the invention is arranged so that the
mqféhwggtre@man?q rst value with a first anount of

ABtier mhngemehmcmmngutb lae crobddimenbelivg npsntipn ifjappnged so that the
ecogrﬁ%% I SfiofEBd ?fo'waéontreﬂﬁlgemﬁiﬂﬂcb fle \Mﬂeidjiisﬂ the gaseous
fral °C

r | ses
FoTS{iuaNtr eATOROTIERT of e BFH Pﬁﬁlal Stos S0 efhnf Tatial g, t© a pro-
BaNeRhddD Porhositiofh il glwcm@umhﬂs awdveding ke themphase f pql],mg In a flow

the crucible s a QM dedsi rielof th flows is
greedment acgording go am)u b oq'gﬂég?l?el{tfo of the gas

gailobingd theivbannat hoovecs aa}eaﬁﬁg%ataaa B adgend nf s o igh sed fist

, %%ddréél/akéég% 2 ax@hﬁ@§ 1000 hi0 eSehiihlist ¢yﬂmﬂmzlﬂ s‘cr‘b’&ﬂilhylh cylindrical, conical,
e
PESGRI C(PBPG H M‘{a@é Slénag Y?’%ﬂgﬂ’g 3%9 ﬁﬂbﬁgar@.ngement

asopsdiag tosan dmh’cﬂup@t vf &e mﬂq@hwap% %aﬁg,tgqoaqartglﬁx@ sglectable from the’
?ﬁﬁﬁ%}ﬁ% ARAHLR | (t)fao Qc?é @@korﬁfm&{ foarsétﬂﬁg adidvw gdahéine a crucible, a |
\ w. geonetry of a partic

AUFCRRIgT RHEStEhig L PRt e PD hbei%dm%gl\é/?llbgr E%%;t;itﬁc,n@%ond disk,
anfmigeneot catead minbg, tielt anfasowufaemef theghapgse surface of the crystal,

i nv. lar flowis-at 5 | east one of
e R

9OV ng partial flow, second parti al
flow, a merged flow, a part of any of the just
@%wmgeﬂeﬁlaewmﬂg an ge emhodimesioefothe dnveptiemis arranged so that at

Odl rreir}ﬁ% §P§%?1 St Lok r@ﬁte'd%ﬁﬁéd ﬁwﬁﬂn&@ axtolﬁﬁ:l ﬂfehfystal defined

conprises flqw control
c’qyehatgmtal sudhoumd fcléing dagabet 9h & W}%rn of conical member the
DB by 18fthembl kgach agdiombeifid definad &y dire melé elgfaqg and the first

CRARHE

partiay, riow a4 eh ef QROR labrh@Rnfeht according
W el § g

.}m o8 émmmmmaufgtbcr;memaégm aranged & b Sgnﬁeﬂf#gﬁ‘lfn%fd efined as a
gwglgl g}/ %ﬂﬁlg Wroudtt orlcEBSevéiioriced fh@m@ﬁ&hé keound disk to form a second

FAwe fog Iggegmg e o nﬂw\ﬁ?{&?ﬁ{egg% Cfn?l g@r?ace A it bp@Phace in the

crucible above the melt surface A flow arrangement according io an embodiment of the
invention is arranged so that the flow is an inlst flow to the gro_wer having an average gas
mass flow of less than 50 slpm as averaged over the process step of growing the body of
the crystal. A flow axrangement according to an embodiment of the invention is arranged
so that said average value is. less than 35 slpm A ﬂow arrangement accordmg to an
embodiment of the invention is arranged so that the said average value is less than 15 sipm.
A flow arrangement system according to an embodiment of the invention is arranged so
that the system comprises a first set for a first flow arrangement for a first crystal with a
first characteristic measure and 2 second set for a second flow arrangement for a second
crystal with a second characteristic measure. A flow arrangement according to an
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and/or second part has a cylindrical, essentially
cylindrical, strictly cylindrical, conical,
essentially conical, planar and/or approxi mately

v‘szanar eometry. In a flow arrangement 15 accord| n

08840 odi ment of the invention said at {FLgeygeo0217
parts are selectable fromthe foll ow ng enserrbl e of
objects to forma set for segping a fl ow geonetry: a
cruci bl e, -a susceptor, a first shi eI di ng menber .a‘

.second shi el ding memher, a flrs second di s :
%{nﬁqg%?nér"fafﬁﬁlnﬂen&%llﬁ é”r'fa‘f‘?t?prb%’r % Syssﬁzlﬂf SRgprises 4 b set of
ﬁblﬂirftﬂﬂcepﬁfs tb e b 8o geyrasgenfeatier gloviihga eryyiel tlbe gown fo have the
é} t%&%?{sﬁmp ar %0\9 fzm‘?t?eﬂleﬁ@éc@&{img%g ah efﬂb@éﬂment of the invention

erren accor nbodi nent. of

isrrmngtco o ithat ol o Shas TR BRI 48 (1 iy apgfand @ second
aiafa%h&di efdasiRe Eisfd ls6dond Ot df fiaetesnf acrgddnnabeording fo an

S DE A s B %1%2%&“%%%9}661}5 oGS s i AR Bikasur in
spble partt lz‘heﬂ@h anpRgemsplesybiag 0ePrEin 5 to,gn embefimepiof the invention is

' %:%& @D s @A Gardedd: Refiphyest Ersi@lisk, sebohddiskandubigr and/or conical
| r

t of By /
BEHPCal eﬂe\’?ﬁé’f‘m%“f %%?N%Jtabru{aﬁ g}r% accor%g]l%ng% W affimgement
‘sbgitige at emboditen cvf\fafnmwcmlonss ara.naqw‘gwh g memna of a first disk,

sc‘e%&lﬁf]&ks Qa.uﬁlﬁu {)1‘ RskaBhefb&NRNAGhe i'&@@ b ghdub N OUYH times the

one or evera ices.through the s

UL LR U TR o AT
aved of fgut he2 el beuucbadmgdnd ﬂxﬁber@pémdmpmw inrthe tapge of about
fﬁuglble above the nelt surface. A fl ow arrangenent
accordlng to an enbodi ment of the-30 invention is

~arranged so that the flowis aninlet flowto the-

ﬁrﬂwe hrrRines: SRicaY Aicagingdid Snnmsmdirhaiof thel ipsmtivh anarranged so

_ g%te tbfg:g%; %21]@- ac{fﬁéageﬁj v%ou\élg renst&HJﬁ ep5io é&s 3 &RmOd s&rﬁi’v’s&ﬂn a flow

enen ac C q 119 b
g@natryeiob adfion PTapgeTan 3 AV @nﬂ}sg Iy & ding Diember, a
second shielding member, a first digk, a second disk, a tubular and/or conical member, melt

surface, surface of the charge, surface of the crystal a sub-structure part of sald object, is
made or at least c:oated by a coating comprising at least one of the followmg graphite, a
metal, a composite, a refractory material, pyrolythic graphite, diamond film, a carbide, a
nitride and/or a compound of a metal of rear-earth group. A flow arrangement system
according to an émbodiment of the invention is arranged so that at least one of said parts is
-coated at least partly by a coating provided by a CVD-coating method, ion-coating ‘method,

: iila_sma—coating method and/or electrical discharge utilizing coating. A flow arrangement
system according to an embodiment of the invention is arranged so that at least one of said
parts is made or at least partly coated by a coating comprising at least one of the following:
Si,C, N, Nb,‘ Ta, W, Co, Mo. . :

A hot-zone strubtufe accbrding to an embédiment of the invention, for a furnace for

Czochralski-type crystal growth, comprises:

-~ acrucible for holding a charge and/or the meli,

- eit least bnc heater for melting the material in the crucible and/or keeping the material
in the molten state during the growth of the crystal, and

- essentially continuous thermal insulation suwrrounding at least the crucible and the heater

1o reduce the heat loss and/or the heating power consumption during meiting and/or crystal

growth.
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so that said average value is less than 35 slpm A

fl ow arrangenent according to an enbodi nent of the
invention is arranged so that the said average val ue

Is less than 15 slpm 35 A flow arrangenent ésll'?kt
VWRUGHEHE to an enbodi ment of the invention® 15 o0n217
arranged so that the systemconprises a first set for

-a first flow arrangenent for4a first crystal with a -

first characteristic .neasure and a second set for a

second fl ow arran‘g__erfent for..a-second crystal with a

second characteristic measure. A flow arrangenent
amquttmeancormg 20 68 £BBSBM2RCT Al iROGITD0GORpTsc8 @s thermally

S{;go?«% RO @ﬁ%&ﬁhﬁﬁa n 3 (30984 SRy tfoﬁﬂn@c stal, for
emconp

b set ta
thefheatgr akﬁtmﬁig%ﬁﬁﬁt heptsy, %?61%0?@0 %Qqhg%% pt?% Gla@tag @%Wf the melt
Eu@fab@‘dﬁd fdiﬁhéib@gacghﬁ r A $ibt-gongaasttoe. aclorfiingio an embodiment of the
%&@}? %gﬁr?%ngg(g (P:oo gxﬁjc @% ho? %% (%)%ﬁgésrﬁefégd ﬁ‘froﬁéﬂlefor the crystal where

thiadmnee tianietst pﬁthﬁ@alé dpﬁmrlg therinper-most diamgiap el Ba gpeping of the feed-
ﬁ@&%ﬁ%&/op DRriASd: 6f dnddtéCofNBa Siéﬁﬁall ifsudati®A Gank: fubHge agfor conical

RS Bk b B A RS o

mnt(hlgtofauren‘foesﬂinmaasmhe ipvientéi is abyiresef o that fefhop @pne comprises a
RLEARGGIRRE 1Yy R e O il il %nﬁbr%@@@ﬁﬁ?ﬂéﬁr@ﬁg {8 &nner-most

Lnvention 1S arra d hat . sai t. co [i s
fippigter @f dhe RsBIENOL ﬁ%esiss‘ed ﬁﬂ Lﬂﬂéf » 3 3% 8 the thermal
- hevithigsn, inftkatubilas wdEén @nical membe it ldss an mam@s_ the diameter of the

. Bﬁg) g% ém A flow arrangenment 10 according to an
: odi nent .of - the invention is arranged so that the _

- 15 -
ANt LbnLaRb R acﬂﬁml@’toia& dinfootiirent ahige infenédanistarranged so that the

20

25

30

35

openi ng of a first disk, second disk, a tubular:

t.
i e R
amangiygent gesed to éwtﬁxhqusogaseqﬂtyougg@pd@g v ¢fi th@ plozoge region. A
hotAoRE sir AR dbdRithg lt§ ah enftOGInteAN 6 thef inddiGivh id aanged so that the

e

Eximsit liomet thé parkrationl tegiving hehmtﬂr@ct@ﬁe agisiréipg $o gpembodiment of
RN AHSE Is Jn‘&ﬁ e t!hﬁ!igthél hbl Qe B8O RBA I dxbhad lide ih®Was an offective -

Grpiiinng Srmseass e bredH REapalyY AR benioipt poist

d| sk a second d| sk, a tubul ar and/or coni cal nenber,

gxﬁ&o& o &?ecfccoxgﬂg 268 fbotiEn @B%e %mveﬁﬁ&ﬂ Ecﬁraﬁéed so that the

e crys ructure 0) jeCt

hefcrene wrwnsp%%@@@@aﬁwbﬁy cap %g?ﬁslfﬂg FPHE égusumption per

htﬁﬁ%é a1l 6f @ héthont @ 4 oaliiibelowra RW/médmmg‘mbxalthan&)O % of the body

BRI gy RS phg e

 bonpbeny 16w e AdvaioEpTg AW AD R according to an

SFdnFNARTBRbodmetITHRGEM LAY t0 an enbod| ment of the
invention is arranged so that at |east one of said

parts is 25 coated-at |east partly b coati ng
Ar bhotizedl shychare GQov@dingatol ay erbedibgnt pé fhecyenting comprises a flow
eﬂentral:&%m% &RAL drftb R Bfkha BeMione! ectri cal
| sEhar ge utilTzing coating. A flow arrangenent
system according to an enbodi nent of the invention i s
Artivapgredtacuishatording lte as tmbmkmedt of &Lednmtmxs corgpripaghmaterials that

ggggeaétgﬁﬁ%fp%e%&a!@ao &T@%gpmﬁs QSJ?Jci ERE io® h:ﬁgnéi‘tananaed o

woducze magistic Sdd inte @P%P&ftraglen iewraa 155 Haff of #16 & melfing aid/or crystal
li ment of the invention, for a furnace for

Czochral ski -type crystal gromﬁh, conprises: a

cruci ble for holding a charge and/or the nelt,

at | east one heater for nelting the material in the

cruci bl e and/ or keeping the material 35in the nolten

state during the growth of the crystal, and
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- essentially continuous thermal insulation

surroundi ng at |l east the crucible and the heater to

reduce the heat |oss and/or the heating power

consunptron during nmelting and/or crystal gry '
WSOBRIOBEE 7 2PCT I 2007/ 000917 40 A hot - zone Eer napyydh

according to an enbodi nent of the invention conprises

as thermal ly inportant feed-#hroughs through said

insul ation at |east feed-throughs: for the crystal

for the heater el ectrodes f ah fo
ArhobpencestaipFe accprgmettp gn ggfﬁrg ninﬁ:n{ron ?cﬁn%rrses a ghielding

ﬁ%ﬁ@f@ﬁaﬁgﬁé 16 protdchithe puiey a:x"gas of thc brotiblecy sussentoicazaingt the vapors

ceo { A R¥©CRnk Qftubitire according to an
t316‘? 8%‘3%33‘? g?’h%tm ?ﬁ,&% q’ﬁﬂ}z of%é ntéégp rises a ) adgust the
éreleulliméntoefothe fioventipr ceppates @ FERE THBSIRRTL prgpestdp ad
retn LRGP ar the @afcrum BEsckiier, b howronpst:, aiiraet wrt whiadie the charge,

qlkgl%@ﬁ’ ¥ ed- through and/ or the inner dianeter
éﬁ‘i"ﬁfys sulation in the tubul ar and/ or

conl cal nenber is less than 1 5 times the di aneter of

W&y Qggé/ sﬁchﬁi‘&cc@fd}&fgt #@lan eﬁaﬂbﬂﬁneho BLths tutweatiotr © ah@nged so that the
according to an

of t i
@@@ng@aephgi qri?ep%?fn 1% B%p%seg,p rsﬂi\ségigﬁ'taﬁged 1o protect against the
fz@m« bhginatgly 1 ahe tivk. Arhoswane sitvshise pererding, tor anjprahpdippnt of the

Bjagéltﬂ%gp ga{}a{l%ﬁ %preﬁelggth& lﬁ%ﬂnﬁﬁnﬁfaél?aﬁém ai apdiged opdralilbeo adjust the

ug n t he i.nner g
glfysttah tempseatyel e Fadi apqp? tcfp@%:la 5aturg rpa?ﬂ Q:H‘?Es‘i)%ct to the
Ebhre 9 MRERCIE, Dut BS& irfoditor brobodimentsintrerpertite npeiaingpart of the

h e b od o%%ﬁggtﬁ aﬁné—l%é e n‘t]é. tﬁe ROLit6R AR tBdrhldCdrth@ement comprises

Ecordi the i nven i 0
arheategeﬂccgmdmg]@ appfbehgnbodimen % 5 the Thermal arrangement

gntets raQ:HQlEr AREQUBR th Bﬁeﬁth@j’mht afrﬂmmmntlom fifedhermal arrangement
ex u

sephelu% h orgﬁagﬂga&eqe Qr%d!(%rg.%ﬁgﬁﬂ KQotfRH 18 aRadbodiment of the

ot zone
Iimtenﬁmn thesthenmat anran Se0E T CHIPGISESOIEHRS & ‘Prﬁ%‘gtqlrgﬁ aﬁcfm‘fAWe and/or the
n{\‘a\éf?ﬂ&tfv%@tﬂe%eﬁ’t@fs%ﬁ%ﬁco%%ré Sathe fHafnal Qrrimystienit | on has -

east locally a thickness of 1.5 tines of the
effective dianmeter of the exhaust |ine at fhe that th
Qaeﬁ@ttsroate Isﬂrmctlne gcandingd that embwbmgntrq}”é%tﬂéewédt araged §° ©

AR fo 6h 5 gurfaoadf a member of
tafﬁ%larh mtins g&gmkrﬂté %@héa%‘ ARGE

| ne tha
dhg tgmpal @n‘pltgt;gyen@p ztnﬂ/éy QyFEan i’) rpjﬁﬂaﬂﬂllgh the insulation, in
DHNR S prokidB D ﬁot&mb@\ﬂoﬁahamemconst@enam@m@g vaRsrhand/op particles.
A hot-Zzone structure according to an. enbod| ment of
the invention is arranged so that t
ch hprime stractilsaacpfiing ig gt QPWBBWBb%tEtﬁ% 111[\!811%0& CO{IHJ&SSS at least onc _
hRalt BSarRRWes hé® Mfgecﬂﬁdﬂbﬁ thesmelf, ateatat gdeast parte to suzround the

hot - zon to a val ue bel o r han i

%u@blﬁfﬁth?ez% B4 ?‘?go%itrésg i%?é, ac? gﬂﬁénf] gf{ﬁe ifvch %5 compnr:e:;

aanodner‘bqsttormheatﬁ@mang@rﬂ)ﬁ@ht oy eflarat d-ggmeggggtﬂ SPQRe structure

a%gﬂﬁ ? Tmboiiat dPUhe GHARTD remptlseandtalgesd usieysurface heater
ow

ezwpﬁajlm@ﬁly agf: etq%élpglg :aggﬁ? F’Sﬁ sar acr?qet?e}' gﬁtétg gﬁc{%ﬁ S;Frgncred 10 heat the

am@pahd/gr the naik. enbodi ment of "the invention conprises
a fl'ow arrangenent accordi ng to an enbodi nent of the

i nvention. 35 A hot:zone st u
eMibotizonsistrueifre 3Se0THRE A £1 51 % e ﬁv%elrgllg éﬁt fﬁ'ragﬁed to comprise

aft8eft oh€ Qx‘éitezpﬁiaf hys aiel&estt rmrbé:ubablyg nlagmts iagranged| tapt degpst partially
facilitatin th DeftiROGRcAnd/or the melt.
n‘ﬁ’ﬁ‘ﬁ@’fl?ag %fg 1?098 | Wﬁﬁéé{bﬂg&% ng at Least ...  omorise
pA tiot-pénet strasctyresi qcp@rgmartaﬁeﬁm@r? o dftﬁ‘ tﬂ?ﬁl 0\jyyrrenged o comp
2008/ 025872PCT/ FI 2007/ 000217 41 A hot-zone structure
according to an enbodi ment of the invention conprises

a shielding
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menber arranged to protect the outer surface of the

~cruci bl e or susceptor against the vapors that could

have being in contact with the nelt. A hot-zone
structure according to an enbodi nent of the inventio
WOWBH2%EE2 a thermal arrangenent arranged to ﬂj’ﬁi]%ﬂfﬂm‘m”
the 5 tenperature of the crucible, susceptor, a

hot - zone part, a grower part4pelated to the charge,

.the nelt and/or the crystal. A hot-zone structure

according to an enbodi nent of the in

ar Mﬁ@@a%@@dthﬁi@tﬁr TRESeh O heat aialﬁﬁsaﬂ@fe?{fgfﬁ f‘ﬂf?ef“%% the Ghafge= mel"v
RREdtR] cridible QAR bitseBotaosdpet.d arranged to protect

‘against the 10 vapors originating to the nelt. A

hot - zone structure accordin 0 an enbodl ment of the
Anbezono mucsnrgractmgw L @ntqﬁgwdﬂf‘é‘ t oh %ﬁﬁ‘fe%f?}"tna‘??&&?é?ﬁ a heater

drean@bd ﬂﬁﬂﬁgﬂ:@ ifap Aﬁ!dbﬂdﬁig toha ﬁﬂipﬂhﬁlﬂt of the invention stch a
g emmer at ur e

ésraoﬁ;m g t}ber 1|~nr aﬁl’ﬁl%ﬂ]‘é‘lglb ang)&l t? ﬁ%ﬁgtytﬁé Flaﬂriuée o? the crystal
mmrmtt zonBuA hot-zane strocthesr acspiding fee AR 4P ﬁ@&eﬂé@@ the, invention
.@or{, Dﬁé{ds%@ancogﬁ#é n%e bk @rrﬁﬁged 48"Bol ﬂ{écﬁ‘yﬂﬂn&' b @aftnof it. A hot-zone

i nvent1on._the thernal

EBIFHRY SESIRE @ OB 00 REven ang Rept REABH comprises o
estiadi dytinder ofrahpel kon peavideorirduliegion hat el coahnga mesdiramt A hot-zone
SalRl %&or@%&oéleémbﬁﬁﬁ&{tqif% R eibnelbRRRis R Eand fin titehot zone

|nven ion erna rran%enr%r_it conprises supply
storcture trezenerpte &vepepetialidd Bite e MLt or di ng to an :

enbodi nent of the |nvent| on the thermal arrangenent

oppri se D t kb fot, CARHARK type stal
%ggﬁ@ ?‘fng'%gsff’ ﬁ&{“?’é?ts%t# /lo? coolers of th “ype crystat
giwrthmlomanwahgerrent 20 A hot-zone structure accor d| ng

: ﬁcﬁ&b%?ﬁdl&ﬁﬁﬁta%rg%hﬁﬂd%W}hﬂQn i s arranged so that
| t

; rrtijﬂraln ?I?Bg&gfg?r{l? ng:)]%g)ﬁ?lg%?g g?tep afd & %'ér?ﬁog n?%ﬁ??cﬁ i heatmg the
ar r atgeibierid a teapstateb t welt ﬁwghatgma@jﬁbtlhe gipeiblegn opem ng
th shSiHaAbiO@ puila oefsdﬁ frofCth©frelt CARible, .
VQE;%EEI oﬁﬁfﬂr ?ggrfa{rl]g?@n%gtse L t or bgl nag! sgﬂl beater into an

&%t Mlctire
accomdio@@etafoagmwmryﬂaittobé gtomea arnlvent ion conprises

g?&%ﬁ[e ﬁ&ﬁﬁu?%% rangedahRnlsate fbenthar ge

Sit” ted at least partly to surround
the cruci ble. A hot-zone structure according to an .
aReslicBasdordig fohe enﬁhoahﬁmn of thoripvent ers cat fitthersiompries one or more

bot I m heater..ar a ‘
ets anﬁ? 11 f‘og 3/&0193@4 g’gc i gﬁﬁgg@ ANGlREc 4d38rding to an

one r UC ure égg leadin
embodimmmf & inventiompempiissh actowisr 105 die Zsey, qyu¢h gopeprises leading

%a{l@fbele%@ﬁe &lag %Fﬁl@ﬁhé’fﬁlrﬁz{c)é tadoutth thedoatomeofahe bawth chamber. A
sur eve ru
e S sl B8 A ARS8 Rt st cne

- flowo rdtiichgist maagecbwb@cwrmmnd@t ie Heen fpofinion opeable for growing o

%f}rs?a? GfduiiPa FRARPEISSising a valve and/or an orifice plate comprising therein in a
‘ plu:rahty of orifices at least one orifice arranged to control said flow to a flow state from a
shut off state to a fully open state. According’ to an embodiment of the invention, said ﬂow |
| can be a flow dlrected to the melt surface region and/or a ﬂow directed to avoid the melt
surface region. A furnace accordmg to an’ embodlment of the invention can comptrise

means to collect af least one constltuent of the exhaust gases.

A fumnace according to an embodiment of the invention comprises a flow channel arranged
to supply oxygen or air to a channel leading fo exhaust channel, for passivating a
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35 at | east one heater that has at |east two heating
el ements arranged to at |east partially conpensate
magnetic field of each other, while arranged to heat
the charge and/or the nelt. A hot-zone structur
WRAHBHUPHY to an enbodi ment -of the inventi on(i)fcg'”‘?‘im'ﬁ7er00217
arranged to conprise . WD 2008/ 025872PCT1F120071000217
42 an induction-based heater 4yranged to heat at

| east one of the follow ng: the charge, nelt,

susc crucib and .ot her t- one p ry. A . _
SRBSRHEOL e LEE RS, ol Pl St B 6 ffnage apgeeling to an
Fmbetﬂlmeohoif:ﬂ)ﬁmeﬂhz@l & dueagelr soSthar thangeds b.l@ﬂfdireamst tohee passivated

- 95RWscs bY Sl seﬁ‘fﬂ%? Eﬂe'}gllévﬁngrsbeﬂp qél 'S{i'%toxﬁfe ott’%ﬁ an oxide of As,

I nventi such eater 1s a of t’h
e arida QG 8H A Brnage @gfor@lﬁe & ghpabedinee offthe fgention is
arrygged|so alred contrdiiiiy afasal fldw ioimplangitedt Byl Flo @ontroller arranged to

ggjﬁ&rﬁé eI ol QanHPPegétWﬁQ I{_l?lt)l’eo %c% vention conprises

a cooling ne er arranged to coo e crystal or a

. part of it. A hot-zone structure according to an

. anhecticarbéordihg titheni dﬁb@@iﬁﬂe@ﬂ of #icCinGiibh REmPEBHE Shermally insulating

G 8555 46 RAME LM RO S i e

setiqiehameel. accordi ng to an enbodi ment of the invention
conprises means in the hot zone structure to. generate

TR o BT A
Bzobbr af sksett arpaget yo thal opbably dont gcovm:mgnar ¢1§’£81 to- ba grown to a
a{a&%'téi’isﬁc flﬁamﬂé) dlia C% @%ﬂ?%tﬁ?ﬁ@% Headd® o Fg;{et erystal® The crucible

élaerma arr ement eater an

meten it RAg do faoPaIF‘f“l?roYal‘l‘Fe zhur AeFordiag ¢9 griethedinent of the
mvteiypehadrucibletdiantatdrtis ke regioelof alout D6’t-hig2er uci bl e, - -

a pulling nmechanismarranged to pull a.crystal from.

the nelt crucible, 20 - rowt h chanber arranged to '
Adamagn aceerding te an anb?da@mmog thedpypntion epuinstipseat leagh adhegter which is

. &tlems phebeihk CﬂSIlc@ﬁﬁgVI AYalBhEdtds battont Bed®, §E@WMe hafie neafthe melt
' ment

filset P B S GRG0 Prl Bt BT e oir, o
Hfamglheaing dnm@latnammm e oadgitiond romevable heatieg 2Bmgat wherein
éaﬂ:i Bbdcrab %@ﬁgeq%ltﬁt@efaere ﬂaﬁee& 1004 nf R A Sl ke, heater in a

accor a :

FHOLRE i SReSe PO pgf FieSigtel B enion comprises
m@m&@dmaﬂhmmg:th@mngoﬂhegwmy@ﬂs | eavi ng the
furnace through the bottom of the growth chanber. A

‘% rnace according to an enmbodi ment of the i nvention
FesHEOTHEQ af gmpermentl the mypntionds pranged ghibata hegter that is
marangery edmich aaddtr@smdm‘rd:b dfeep &t Joee polibe fit RAG enclt, with a power

ng’H%I;:HSI 92\ €£aI| ve an %& an Oﬁﬁ#lll Cé&%u‘t% C}{ﬂ%}filpgll‘ iritial mdt

Wé@téiuﬁng ﬂleéleﬁ}fr belaw 04 Wi duingfmera éhaat90|%a§'the bn@/ of the crystal A
_ ﬁifﬂaf:é @cﬁoﬁh’fg&ﬁ @8 dniboditRhf 6fGhe ﬁl&blﬂloﬁ |c@1’ﬁ¢)1t1$%s a hbdt@Wish 2iofal power

RR8BioR s 30, <8 e B i e BRBe ot it e gt A fomace

PP ding dn ab@lté@Odmm elf fmecm@@uoro catpprisae hn insuiaficrckaving energy loss
Figen h:i%IHe&H@' ﬁ&[zoﬁe fsd QutcbdRsd aafb& AR Shifeh SurfBLd below 20 kW per

St r{ %%feai; g%g{egﬁﬁp.ﬁl%c%l%}rred{hag 9{) g/o of ther{;%ay ortn%he crystal. A
furnace accordmg to an embodlment of the invention comprises an insulation having
energy loss below 15 kW/m?2, advantageously below 12 kW/m?, but even more
advantageously less than 10 kW/m?, during more than 50 % of the body of the crystal. A
furnace according to an embodiment of the invention comprises an insulation having
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35 nmeans to collect at |east one constituent of the
exhaust gases. WD 2008/ 023872PCT/ FI 2007/ 000217 43
conmponent of the gas and/or dust originating fromthe
nmelt. A furnace according to an enbodi nent qf the
WHPEIERR is arranged so that the vapors and/dft ygpeozt?
to be passivated conprises of one or several of the
followi ng. Sb, As, P. Si, an4éxi de of Sh, an oxide of
As, an .oxide of P, an oxide of Si. A furnace

di . : “of the i i i
, }gf"\?% :?alléﬁrf}gﬂé’tl}glf %glp‘%ggﬁ ?%Efﬂga%%gegﬁﬁ}g g%ﬁ%bvﬁrgﬁmﬁ but eveh more

idvahtegendie thshtham 16 K iime dotinginbrsrthay F00n é thetbodndf the erystal.
the eff'ective area of at |east one or nore orifices.
A furnace according to, an enbodinment of the invention

Adpersessording: 9am SPoMiment o (B IYFEIO 1o B o h T aton baving

- ﬁﬁgﬁ 1bdsers dbthddhe mlydighe &rdlavughetpeeings srdidesdn sail isglation in
£

_?‘n fhe gas 10 outlet channel. In a furnace according
P89 8Rbodi nent of the invention, 'said insulating
material is a nenber of a set arranged to be operable ‘
A OGrrdE OB 16T dSdndllodireend @f GleGnrention @aomfidsea atresgnst arcanged to

: 0e, h f ' .
PGt modefo CRRERT o TGS hbirild Lol B SuPbnbdment of the
ipserttion shid magaétie arranged tocrrodue agnagpetimiddeblerniban SQmT in 2 melt

- 1toe g{))gﬁc%%ﬂ()é’ﬁ_éarlﬁén%ﬁﬁén? bf?t%lg ?@@Eﬁcﬁéf sragciﬁmhghteg 3 Qnﬁ@ﬂ@tﬁl produce a
oAk eht o1 LA PR T tertap et e pasg] g the melt. Ina

hesiceracvdtiinh fosamtenibedistenpoé thé ivvratitm| saidimrgnetais arranged for
%Hdn% & intQ Ald A5 R FLLhingdnHE BEEeRRA! RiaAGRIWIIE the melt

surface, a radiation heater, an . - .
reAwEnlonWERECR® melreson Bhhe SR AT BATRHt frigfigy compared
#ith eicitenpaiukeatinigs dhenshé mel fidwanitiont 2magrhet. -
addi ti onal renovabl e heating el ement, wherein said
heater is arranged to be operabl.e al.one or . in . . e
Aohtrianaeecording tcham ABbeEMCRieR BF iFIbon,FORRisY o fgufatipn having -
Pubhite Al WcBRERAGCH ViR ahiocntivdanhindt fendedafs thhenain thermally

e, AT B RS TP P, & sROLENRRD, 8 Nagflife of e

 invertivnaxhpdiesdnghly porone natrrightAceprding tara vngalefsw qmpodiment of

E:e h&Rh&Sn 1t Bhprisss Bk LRI BEmh Ay TRdulatidg ehsgBnanedi@rzob

eep it inanolten formas a nelt, with a power
consunption per initial charge weight and/or with a
Aofetace ansudipg i to'ranpembc:vdinin@ﬂtabf e | invapdpy IvprgUsS NgRcRYe means to
Q&E{ﬁﬁ? Bl %6@&17011%9(3145 el B &istBaSucBndn® tarl Bieinkiéiented by a
of e crystal. 3

0 furnace_ accordi

 PEBR 67 HEREP Of PRRES MK\ ANTY PORFOlERE ST %eggtagﬁﬁ Hhe ey gnd/or the

bitiah oPQWRImp of the pump group. A furnace according to an embodiment of the
invention compﬁses atmosphere means arranged to arrange the at‘mospheré composition in
the growth chambers. Such means can be implemented by a gas source comprising gas in
pressure and a controller to control .fhe_ amount of the gas to be released into the growing
chamber of the furnace, to the hot zone and/or into the first and/or second partial flow of

the flow arrangement.

A furnace accordi;;g to an embodiment of the invention comprises a crucible with a
diameter that is in the region of about 16 — 132”. Such crucible can be of Quartz or silica,
but it can be coated by a coating. A furnace according to an embodiment of the invention is
arranged to be utilizable for pulling of parallel crystals each having a characteristic
dimension of its own. A furnace according to an embodiment of the invention comprises a
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consunption bel ow 55 kWduring nore than 90 % of the
body of the crystal. A furnace according to an

enbodi ment of the invention conprises an insulation
havi ng energy | oss frominside the hot-zone "
““%ﬁ%?g%ﬁ%led surfaces of the puller surfacegxﬁg$%%9@%¥l7'
kWper n2 of surface area of the hot-zone, during

‘nore than 90 % of the body of4ihe crystal. A 35

furnace according to an. enbodi nent  of the invention

L I D O -

aeihle. dyeciepint, dhergs andlermdld kW nR2, during nore than
90 % of the body of the crystal. A furnace according

to an enbodi.nent of the..invenfion conprises_ an .
o Tt RO To P SUTHOOs P IPEH IR L B0 7 Btk ge crystl
goweh, compsigest laast: bel ow 15 kW nR2, advant ageously ,

bgl 2nkB4R, but even nore advantageously |ess

thap, 10 kKWn?, during nore than 90 % of the body of

£ Prsiderthe gngpvth chamber gifsglamend segnsriagesddo attachrad Eorarmart of the hot
abnd duciure/enbidan 16 anphb&igeans thesileatiéron havi ng 5 ,
energy | oss as defined as including the feed through
openings or holes in said insulation in the hot-zone.

A Biovish eecoading rieliap grbediaent ab 8y ineentionfis atrenged serthitotachment
. QRARY dré @FartbelBE AL at kMY QH sEOh RO ER: RREAESY £pre-determined

shgBgichehBob P rsion kel Beodiifngnaraesd ible. A grower
agoosinetd aoembasiitue of thedgveation cdrwisds @ fneblgsiisnt tvaopeh @nd seal an

per bt OBkl ERWHIPRhare Okl NGolvlr a0 RIHROM MR NmRliment of the
the invention said nagnet is arranged tqQ produce a

MGy S mycharize IOBBSHT ATARERRen} Fir g iy @gd/or pivot of said
betewpent. Ahgowey sdcakdingnig duhenbuoeirhent lofi tlee Mugmniae &omprises means to

AEER0 Anilchol oo HANGTRDine B el HARLS e SRy pccording
foot FrRbrdERERy of 1R ngentio spRPESeR MSasTo; akapgenidyat Jnssh one hot zone
paretonted liftable sreigirgivoratld @ith wh pped phh o f Rl gm\ﬁr&gihﬁlﬁbérgm a grower
n : ) t. - | rf.ace co arl. . .
WAL b S F 5 WAL s fLSHE0R: SRS povie w0
icesrolat am aseaighled  hoh zpug plaisting eedlprl prige-dgemrined ensemble of them. -
AehRdth e tn @ﬁlbbﬂlﬁ:te%n{w:ﬁé iRnt A FAld SREmBIB coR$H,A @bular and/or

DR ol o BECR U S Bove sotig o

an embodiment of the invention is arranged so that said access comprises a spécial access
for at least one of the following: cleaning a hot-zone part, removhlg‘material from crucible,
removing material from the susceptor, replacing a hot-zone part, charging cruciblé,
adapting hot-zone part to a certain characteristic dimension of a crystal to be grown. '

A grower according to an embodiment of the invention compﬁses rotating means arranged
to provide rotational movement for at least one first rotatable object sclectable from the
following: the charge, the melt, a crucible and a crystal to be pulled in respect to a second
rotatable object which is different than said at least one first rotatable objecf. A grower
according to an embodiment of the invention comprises a growth chamber, which
: _comprises a top part and a bottom part . A grower according to an embodiment of the
invention can further comprise a grthh chamber comprising a middie part. A grower
according to an embodiment of the invention comprises an arrangement to mount said hot
zone so that it can extend towards to the bottom part region when the growth chamber is
sealed. A grower according to an embodiment of the invention comprises a mechanical
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20 insulating material in the hot-zone. A furnace
according to an enbodi nent of the invention conprises
hi ghly porous material. According to a variant of an

enbodi nent of the invention it conprises thﬁ%ﬁ%ﬁQMWMWHJ

V‘f%"é’f’%%ﬁ’fﬁ i nsul ating material in the hot-zo

furnace according to an enbodi nent of the invention
conpri ses vacuum nmeans to 254gvacuate the growth

- chanber to a certain pressure. Such neans can be

i npl enmented by a pu or a of S d fl
@qglg@qﬂ@n|bélﬂ%eea¥thﬁaﬁ%é5? 6@9%%91}08128%%“6 ﬁ%r%%’r?g °if fhe growth
EH461bb0 NA Growderid bR dBT tb g embnqugnmfpthe BveuEarais eu-ranored so that the
accor%hgsgre{e B f%f@oci-gi IT%%{. the invention conprises

to a

r'e means arran rrange the atnosphere
corrp05|t| on in the grovvth chanbers. Such neans can be

ANBb&eE RcBgiky ti af asntHakie of depveitivg gasprises 30 arrangement to

B ST Y N B i

tobasufenfrreoystalt andt shesconst sey efotzny B BtEéﬁ@aﬁpc‘rO@fi or a second

lfféﬂgé qf cﬁﬁrﬁ&&‘i’shﬁ%&sﬁ{e bt QVﬁrﬁﬁaltM fsbt9 Wrah gl g BE Riiterchangeable
nace ccor dj to.an enbodl 011; th inven

sty oS ?x@thm% é%ro?eséesoﬂl a grower
hdnerdrr%gbmn eniboduhmnt oflibe mvmn se@bdtar@mmtubrr@a@ms gk least one of
gt ﬂﬂ@&ﬂaﬁ 8 b1 Fahe R i torfeRftiBe o AR BflsRY, dpant, resistivity of
coatl ng. ur nace accor I’'ng to an enbodi'ment- of the
fgtalnt i on |s arranged to be utilizable for pulling of

- parall el crystals each having a characteristic

&%‘%@SI Sc%?&%é tt S oé%‘bodﬁfl LP B SndtnfiBh gbrﬂﬁnsteg a%?ower according to

I'men He T nventi on conpri ses :
2008baimenxEdl Mvowiny Bgooolzans srh@ealr%@oca@a?esw an embodiment of
akthanagsh to feed a crucible, of group of crucibles _
conprising at | east one crucible, by a dopant, charge
and/or nelt. . A grower according to an_ enbodi nent
Af growing metbart pHerysthlsrac@rdion i ps Rbedipenicetbe Apvention comprises a

M th& OFPAFArSE Pulkh |t1@@1§'§/sta1'an@ n%mgtﬂﬁasﬁlhﬂﬁﬁﬁéperatlons but in the

de t Wt
P@P%Tﬁfgg@ﬂlagg rﬁ%mg@ﬁa c%rgplilse%fetl?cﬁgg A (S)'?t '}glﬂgzo&e Pa {gﬁl?or insulating
amtas dit irgo the mowenfona igrosrh obé certun ¢ystalwithin a ragge /L characteristic
HoOE O%F Enggtgfh sNQcdr@ind % eRDQH BRI mbihBd iof \éﬁ@ials%cérﬁmg toan -

arrange at attachment neans e.ar.ran

EbTReT S JBHELER CHIoof PR S e HREe 4 b, loaded for
ﬁroﬁfd@:g&ﬁ&mémﬂmﬁwhmhﬁniﬂrgt@istbbbpnmde parts of said

ot zone structure is.arranged liftable. A grower

according to an enbodi ment of the_invention conprises

‘A grevhgnhethed of glpré’qsrlsgwgorgggﬂo AR eglaﬁ@paeﬁbﬁ thsfnnt Jion comprises a
Eﬁé&%h sEHVENE o sde ciystl ovslikeafor progtiding; the caystal to be pulled with the

PP e aa%meg@? SoviR RS Bt o PR pEBRRAD IR cmbodiment of he
ufvemmdoomms pdjnstingathg rabwesphere cafigr ke ges Hpws n e hot-zone. A

 BRRfoa0ht Exl?,%talsn M&den{gn to£ QATYnIbDEENdHE A Sthé Anvention comprises

rrange sai.d ho art | i,ft.abl e havi he
eopling 8F p@%& cga;tat.l A{i iag method Iph Frl;@t s gceor d g%% cgnb%\%ﬂent of the
ﬁfvemthm uompam empomngrﬁw melb toneragnetio ﬁa]rdr é!ng’eWS@ mefh@d of crystals
fg‘{a t oﬁ%ﬁ@ntﬂﬁrtﬁe h%rﬁ%nldo ﬁ%%p@ﬁﬁé Qﬁe growth chamber for
e W

an upper

t
FI ing aking tge swete! oF- éc%femmeﬁaé ah "‘%’ﬁtﬂg‘cﬁ% gﬂﬂ[\‘ﬂg(}? ﬂ{lﬁgl%()dlment of the
invegivhi @fprkes deatian iengrioethadnebge dittrozrpwing e ceystal and/or after

t ssenbl ed hot zone structure and/or a
?a%n%gﬁ% r?r%gn%élg ensenbl e of them According to an
errbodl ment of the invention said ensenble conprises a .
F neEHdUT cBRlE RcordRiFne in erbodimentl o therinvention comprises:
cru0| b susceptor, and/or a heater. A grower
accor di ng to an enbodi nent of the invention is
arranged so that said access conprises a speci al
access 25 for at least one of the follow ng: cleaning
a hot-zone part, renoving material from crucible,
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A grower according to an enbodi nent of the invention

conprises rotating neans arranged 30 to provide

rotational novenent- for at |east one first rotatable
ect_sel ectable fromthe following: the ch

Wﬂa*ﬂplzﬁ 8%rucible and a crystal to be pulled @9&200%00%2"

respect to a second rotatable object which is

different than said at |east 4pne first rotatable

object. A grower according to an enbodi ment of the.

i pventi on conprises a g C er,.- whi ch conprises

'af%?‘g‘bg ﬁg?stf?%ng’ranmqswﬁ%%gmwﬁn‘ﬁ according to

adiviliizos mput gasftlotvhie tBS growtie nhanter umaﬁustuiaﬁial flow and a second

codrg\%gﬁﬁ% o& growt h chanber conprising a mddl e part. A

rr wer accdrding to an, enbodi nent of t . ‘
gf@ﬂaﬁg@gé@clawf Qiﬂ% &h gEfdist Haaﬂahgthfo‘g%rﬁa W@% or forming a
t hadecdrd Eﬁmﬁrdtpmalc&mbyigﬁd]hgem,part regi on

WAGRH L £5nidl cMeEtt &@%@?@W&m akeda by Lo RHHRRE Al ther for

0 an enti-on conpri.ses
e chaiRtaEate ﬂlmmw}regéér?zmwalrm@mﬁ @é@ipﬂr%l flow at or close to

COftﬁ@ﬁielt@éin;kb@éhween the-said at |east one hot-zone

Q?%‘i}%?nglfﬁsg?%flhﬁsp?gégﬂ g‘{'@gh lfo\%?negﬂgn?ne\r/enﬁ on is

aleading e decwod phitinl flowe, toameid dhd mnlt insthe erugBieandéorithe crystal-pulling

s nor b OR&BLAPEs RwoThQWer according to an

i ment of the invention conprises an arr angenent
to rmunt a first.set of hot zone parts adapted to a '
Atdosdingto @ érhslimerd o éhecifivaption dwtmethat ¢oonpmeesuplease bf tnsulating

EEAIR 1h8 i of BROBGSAP Fofl th P%eltz ONRad Gaktfy. A0 RIHg tflethod of

secona_ran haracteri sti ¢ qﬁasure
Q_wstgs @pcgpgﬂlgg to g&,e&nbgg{r%e g glégenpen [gemprises n the pulling phase a-
tomuﬁg@ameaﬁﬂ &Jb@t ofeha falldwingt the kystablo §e utléd, ahel crucible, the

ssu%go 031 ﬁéﬁﬁtﬁelt&rrg Ettﬁgné‘tﬁ&ses In a grower 10

0 an e of the invention, said
characterlstl c neasure is at |east one of the

A&dok@ig ﬂi}m &k&ﬂﬁﬁ@ﬁ oﬂﬂleﬁlh%nﬁdﬂ/tﬁé @lethot bb]ﬁjiﬁs’&k r@fimRfin such a way

t f
Tﬁlﬁltrarji ifi% %‘E 6%?@6‘@6?%"“23“3 Oﬁ&%‘)ﬂd@r ‘hes nven?lentum of a first
oenyfrsaikeshjectyislidierenictban thahgf anpthes oph obsAbd Abielat Aefording to an

grﬁt?oéihﬁé&ﬁ e tterm@ﬁﬁio@gl@ l%%e\%&l%n@h&é&%ﬁ!i@g ﬁ%ﬁﬁie slivag tadthe rotating
PSS RO B oL COe RS JF DAL PR APt of the

molnhy b smgnaicdielpar i ng t he appar at us, pul ling the
crystal and maki ng post-pulling oper. ati ons, but in-

the 20 reparat ory phase, the rrethglg rlses .
esladizggnt b he FotratigLine wetid Fop b Ettanerg such a way
mﬁf 1 ﬁlagﬁbtlf; iflcld M Ardoiged gr evsstitnfear force Jor0Widvingf the melt in a flow that

co%{ tnaég]a %%%gal% mﬁ%ﬁ 5; th & &?ﬁlg@f tﬁ% m%?ﬁ%%ﬁ{dgstyaﬁ embodiment of

sure o S acc set

tihetmwtm @msnalﬂse a@Botpoﬁn@le% figd bavinsan ﬁgﬁ%t%fdl%hﬁ*@l on as a
fufl MRt 4fQRe SoRBRIL &?5 g@ovﬁhgmﬂﬁ:ﬁi Fehreld Rgordharigentenboeiment of

g%jvf?%gcfgg %’d& Fa}(él%/j)lsmgr}ge me?t tmati'lé rxfa[gr?e@c%'lcf % ﬁlgt?e & Mlml.: ﬁle magnetic
field has a first value in a first range of values at the interface region between the melt and
the crystal to be pulled and a second value in a second range of values somewhere else in
the melt.”

According to an embodiment of the invention the method comprises utilization of such a
magnetic field that is practically symmetrical with the crucible rotation axis or its
extension. According to an embodiment of the invention the method comprises utilization



25 A growi ng nethod a crystals according to an
enbodi nent. of the invention conprises a phase of
selecting the seed crystal or alike for providing the
stal to be pulled with the crystal structure
W%éﬁ’%ﬁﬁsg 2A growing method of crystals accor di‘ig™ 87 al=’
enbodi nent of the invention conprises adjusting the
at nosphere and/or the gas fl@gas in the hot-zone. A 30
growi ng method of crystals according to an enbodi nent
of the |nvent|on %:cf)n'prlses coolln f oul | ed cryital('ﬁ -
of 3 FsaRey Gald Pp e " QTRRCSI LAY § g Gprent. According to an
ahdithes o e mtvh:&mmrthenieﬂmd conpfisdsanitizatonasisngh & hmagnetic field

@Eé Itiatsaaf ﬁrﬂgﬂgt%ﬁm}{i 1se egs ﬂ%gigoﬂ‘r”?w&ﬁhﬂg%% embodnnent of the

crystal s accordin e i_nvent

- iowebion gbe meghedi q@gipﬁfiﬁ@ @1 o ehawher magneti Plﬁgth%‘t‘r#@-? a second
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- yagnstic

s wvlchGYfsss thall 5O WM Acb@itihgdo af c@bydinahtHf @ecavliiog the method

he 35
T e e e ———
aljtiog ﬂmfm@netlg ﬁﬁ]ﬂg;hﬁmﬁh &r \}@‘G@J Wbllg do Aob‘l"aéiw #Y: ﬁ’émmﬁ increase

Rfih Syl AhsSmagGeiflonGyda cansiarodnp@natal the

i nvention conprises: ~WD 2008/ 025872PCT/ F12007/ 000217

47 - feeding a gas flow for an atnosphere to a growth

Abwndieg fo an eimbmdimazg frihé myerttiogabe friethad comptizes gtibgation of such a
Q@igﬁgﬁ ffd]%ﬁ hds flb t()'V@j.J ﬁﬂl@}ﬁé which $CQ8Ghtially symmetnc in

ng an 1 ncident part of said

' .lfeﬁn%‘tmé%ﬁ%rﬂ‘ébeff?wrt%rds the nelt surface for

form ng a SSecondary part of said first partial flow

B e S bt o .
figi! tﬁwmmﬁam@mmmp@ G spniralling atgget & Hlow component of
S &RRIAENr@AL to Af erbthiRirhdnt 5F thléalwehﬁdm th ewttat comprites silization of

to,the nmelt.t rat ure, a
whet - peer TPRONRE i ot Mo forpisE™] ofifpon consituent
eonsewtidn prathe it antlionin & @rramaa aftie zh@ptdmgﬁotan@mbodlment of the
ﬁ%&&ﬂoﬁ'tﬁe ARG cotpRs® rmiﬁﬁaaionmflshém xﬁ@@b@ﬁela&hﬁ can be used for

e RS et Al o B SR By et Agpordiog o
ahiaslimett of tieuraniioysdhens@inbnt is Wgﬁemocfpﬂﬁﬁ@xm%ust al
fromthe nelt at |east partly. A growi ng nethod of 15
cryst al s ac ding to an, enbodi ment .of the j

Eibpline i 5 ROPHERED o G TNAGE & PR PHgele Hegt Slsting field
@iii@){)ﬁhit&hﬁre@ﬁ is thinglch@hted Wyngiryitiy enagnatist fixdld sirenigth of electromagnets -

B&Mdeiﬂ? nieﬁ’teA%#%u? & 50 %1% Jlﬁ%ﬁg&% mvﬂ:ggattﬁbemf%h nlaBnetic field

respec to an e i.ment. o

- omiEATEoReld FEMPERIS ds é@ﬁ}smeg@ Yof dPsahgniedh retaen £ \ﬁéﬁeﬂst one

}?&mhﬂiﬁ nﬁfgnétﬁﬁ!%ta SRR tio® bdthd thedhéle C Ac@iding fg bk abodiment of the

7 b R SRR, ot A3t Mo

- wécheuical obtionof at Awsstofd PRITOERCTE MAEAES Gmhewto ‘dfiiregtion of its own

hrBYEnhi gRitt he nethod conprises rotating in such a way
that the rotating conprises accel erating, maintaining
and/ or decelerating the rotation of at |east a part '
Afgrowmgnetthodpf GWWD@I@ ol ah er@Bodiment of the invention comprises

feeding gas comprising Ar during the pull. A growing method of crystals according to an

 embodiment of the invention comprises feeding gas so that the average mass flow of said

- gas dun'ng the body of a crystal is less than 50 slpm, more preferably less than 30 slpm,

- for a crystal, which has an average oXygen concentration of about 14 - 16 ppma according

" to ASTM F 121-83 units. According to an embodiment of the mvenhon, another known

constituent as such can be used in the gas.
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According to an enbodi nent of the invention the

nmet hod conprises rotating in such a way that a

magnetic field is arranged to constitute a force for
noving the nelt in a flow that conprises a vertic
WOMWPYHEHE in a regicin of the nelt. Accordi i éﬁ%gﬂ@ﬂmmzu
enbodi nent of the invention, exposing the nelt to 7
magnetic field having a strength di stribution as a 30
function of the |location. In a growi ng nethod of '
crystals according to an enbodi nent of the invention
said exposing the nelt to the magnetic field is made
AQrédiag midiednegmetile adcosting foam anbddinsent wilheeinventian comprises a

_ %htﬁgériéqr?'ggﬁgﬁr:w\éﬁi lAe%-t g'?ng{ﬁ}&%e ol R8N o R WBBMiment of

ed_and a .second

the yEntion @MpEEeHIEHAY TGt sopRmiRE SFavigg ggthiop of crystals
dcb&amR|té en 3&b&ﬁﬁﬁﬁ1€bfﬂ& in@erftion etipdicrntetodd fohe crystal comprising
|nv ntio I t

gwtept Pﬁa %%r aC%%w# }]/]Lésﬂf/(ﬁ b r%lr}ggallss la{&!%ﬁcﬁng to an .

wtmimden@mdzﬁl the Aveation noxanm@s émethqumefkw#mdoﬁr a crystal comprising
RpaR Elh gnlgeo@n Aeg@ﬁﬂiglmahocpéf érgmaus AvRRIHO®m dhanbodiment of the

’gg%}'gl,%gg‘%g 8 Se%ogtl ¥ Zt%ar%%f a Lfgysngl com%,asmrgec%apgnt_ V ~group.

by a de current or a current essentlally a dc

‘ ﬁ%swtaﬁcoﬁﬁﬁ%&ﬂhﬂ‘gmgéﬂnﬁgm%mhﬁﬁﬂfon% ach@tal AMBAhERRling to an

the ri;ses utilization of such a magnetic
@ﬂéﬁ&mﬁﬁafﬂﬁ§§K%P?4rst val ue, which is less than 20
mr. According to an enbodi nent of the invention the -

» '"g%%%gﬁwéggﬂéiéﬁﬁﬂggihhﬁﬁﬁbp@ﬁlch I S Ie%ﬁﬁfggﬁéﬂkéﬂﬂﬂdkcnm&d

|
AcEpiaianeTeias dn BrAmdarm ofh fhy Wt ign SRR (hgrstel Which is &

- ARH1DeHsERMArdridsl zidt:dr&mgad b@ﬁmbﬁdxmmﬁnf&hmagaﬂiunocofnpeﬂs@ silicon,

50 gﬁ%ﬂ%@ ¢ nt L ng&urgs Al %ﬂrﬂc&r %%]q{l mﬁ'{baﬂlﬁﬁﬁ 61“&6 invention

4 mnmewyleas@ ronﬁaqlment 9E rﬂ@Hégmpt R¥-groxm %) V-group of cloment 2s

geneity of crystal constituent concentration.
10 According to an enbodi ment of the invention the
met hod conprises utilization of such a magnetic fjeld
Abatrdihgdo | oc ainbadierag ef dheninventiomdhg erystl caprgogiprisg exactly or

E38RAN, 2d &ﬁ%ﬂgﬂ&dr& dJffka ]%&%Ee@bc&r&ng he sebHei bérﬁoodunent of the

iR e BB R AT Gpo G gbgdiment of
~ fhB inagred e fryehidcanhaimprise ) wrgdtal imctere ohwuvnzie. haepording to an
' gnqq;c{cﬁrg%%tcogl tgé ﬂﬂreﬁ‘t‘ioﬂ ﬁ@%ﬁélcbﬁ%ﬁﬁﬁﬁoﬁg Rbys@l strft®ure of diamond.

ment of the invent
freqondias @%@@}t Pf fhs apjentionihe siyeta! con FQRIRERS eﬂ?é{;ﬁm"m
§ﬂ@ﬂ(§@ﬂ be used for controlling a conposition
constituent concentration in the melt and/or in a
certain part of it. According to an enbodi ment of the
Anwml. anonding ieetth sabedimeH| gggmwpwm@atqoawné@ &ulgast gue of the

ReRald Codkdie! phdspdmg; afhtR®mnys Qﬂsefu@,r aﬂﬁ)mﬁﬁlﬁl re@ilfuin gindium or a

const | ent concentratlon Of
R
rembteiﬂnen't rof had mvammqomp@ms 4 b,odmfgeeerysfﬁl Qsmn@ﬁhﬁ% gnd/or structure
8Y to AC&RAbSHiREntt S tﬁé‘ nRehed AR Qﬁlahiéﬁér |b@M@@ﬁ 1180 and 1100

a rot netic: f| r ing.field

Pﬁ%r“eE}B’St?]saCP?Fg o e gt e myigioni Py poas OF a sitcon

ergzgteln titingfa dispetarobagemt $55ndr Hidharhe Amstystal according to an
C&Eﬁl rﬁgoit tﬂe HBE’QF les Of bddiCot H\%ARED QRystd %avm% a diameter

or rotating field conponen

b@W¢%bl ﬁ@ @@HEW a nechanical rotation of at |east

one permanent magnet into a direction around the

melt. According to an enbodi nent of the invention the

rotating magnetic field or rotating field conponent

thereof is inplenmented by nechanical rotation of at

| east two pernmanent nagnets each into a direction of

its own 30 around the nelt. A grow ng nethod of



10

feedi ng gas conprising Ar during the pull. A grew ng
nmet hod of crystals according to an enbodi nent of the
|nvent| on corrprl ses feeding gas so that the average
mass flow of said 35 gas during the body of
WOLWBEBTE han 50 sl pm nore preferably |ess t T&r'%g‘}ﬂﬁ’bz”
slpm for a crystal, which has an average oxygen
concentration of about 14 - $6 ppma according to ASTM
F 121-83 units. According to an enbodi nent of the

i nventi on, anot her ‘knov ons uen .
Aewarling tohan gyabodingy! {oBbhooRtIPeTRE SO 38’3@‘[135?@46“ oxygen
Con@éating level Rothe afrystal wsﬂla;t E *én@omltjlm@l @@eﬁﬂble level or within an

- t _of t
gch]?q%&%e rg;rrt%lo de#ige% 'bgr > i %é? nvaﬁﬂ:nﬂfd 2 6P cfandF d@oﬂlt&@itlvély, by an

hod of cry

I
aseusil ngprcmaior SO ACOTITRE A FEIPBRIE 8F i pugtion e
Sxyreh mgiet frfliae BoraBABEBELIN Cralsd @l the Amge OW 15 ppstehowpropreferably
Cr Stans n%? Irp(sjnérg acgor?ﬁgeﬁbgg'ﬁ"ﬂp@‘t 191- 8? NRits. Accord:[ng to an

nfﬁne?l for a crysta n‘g g y
anbmmmf ther wivertioa the tdeangien e %Y@f‘rvownﬁamﬁ& ﬂl&fm’mt is
S 15pRR RchdingG ABBIFOdiMkitaf the invention
g%tbr%{rl@sles method is aomat hod for a crystal conprising
dopant fromIIl-group. A grow ng nmethod of crystal
Aeec@dﬂg mgat emborimatioitemyensibn threcry sl ethe |CG¥FGB%?’&5’P fopte crystal

. EE s el %99 deRbinShaftl HfSth@lgraTBIvkiS]. N9 c@RRAtcording to an

15

&r% crystal accor N.,e000
orbedigeriaddi aios b3 £ ?%?Onﬁ%fg%g%b SpaieHG BRSNS Bhma in the
@ﬂi@@ﬂthﬁ&:ﬁﬁy @f tehetystal vamritor aha pesitenyef thb bady ® erﬁ@(’tﬂo% % of the

ggf’,{ g 2 I or 61% uﬂéaef\ 0?91/5?1 E&&%&%ﬁgﬁﬁ'eﬁﬁ%dﬁeﬂt of the invention has a

fr 10w\ ﬂ 531 %pa, but more
eazb@umem gilon H?@ oM \Peh thPBR: 38 CPYst

O WiNaehcbousH RIRE0.63 gpmat al . A cryst aI accor di ng to an

20
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embodi ment of the invention conprises silicon,
gernanlun1and/or their m xture A crystal aqcordln

. dncartingd meremboflindne of HEdATINER, CofMFIAFS AXOHIDE %) gfahféhmm of

QZ}GQH%EO:Q Borhitesel Bibpaat Rbihs airin@d dslprooide Wt Basd ope ddpant into the melt

20 A
S T S G A A B O s o
: 9Bﬂmﬁ$ ibgtl dopatthmemmsysf partiglarulondri@ qg)ﬂl sﬁ:ggpmaql 4or m gaseous phase.
tdﬁl{ rfﬁ ah OmBORLRRS oﬁﬁ@ﬁdéﬂﬁ%ﬁ&h&fopﬁtﬁ@neahﬂmﬂsemhm to add at
crys as

a structure o COf
S ardoBRES el ARSI § R TBREE BRCH 16 P S PO dhctn phase, or
©aIFhe SergdtRfat Vistmdltisg sndodr dnengthe mettiigt e. Ac cor di ng
to an 25 enbodi nent of the invention the crystal can

conprise the crystal structure of dianond Acco di .
o siiHecme it fhere, biving oty TRt e APy Lpalipr Shguid tealize, that
%Qmﬂrét%v&t &R s@:[@’@b@id fidw 86 hotrlaniothe momberseflthe flgws that flow into the

%@#}%% a) gc é{q{ di tglg ac%n o$ E?fi% %}sgglg%'ofﬁﬁ g%aﬁseédﬁ‘é%w 24 indicated as
fbdn aﬂbmmsﬂusgatvqmmner g;eggﬁmg of gt lgast mﬂﬁlow@%m %%mace via at least

Ratel 'dfﬁ?:r@ﬁt éhs&ﬁm*as RAhiREs, Fondiwhichasitledsvonaraite enethhilais directed

-any portl Acry rdl

6qawa}rﬁ% eﬁ:gfgh Wﬂ%agtsmg ldouteq ?ﬂsgmﬁf% a%@?ﬂ?ﬁ%' #HE Melt. At least
@asflowi dah bk vasitiios shenthugas dlow ta Ser F ﬁgmw@ agfor a part of it, the melt
%gg giﬁ%g%ggroﬁegﬁd' dpumed b&ﬂmﬁﬁ%ﬁdﬁgoﬁglﬁ&taigefr&h et pean melt, its

crystal acco di hg to_ an
SPRSIETIshHHR C@ﬁst&fa?%g foomed g B& APy |ffé’%gﬁﬁg siBRthoes in the
Finsdcaduring ¢ighgwidh rdb.anmet er betmeen 150 and 500 mm A
crystal according to an enbodi ment of the invention
conprises a body of a silicon crystal having a
-di amet er between 150 and 220 ram



WD 20081025872PCT/ FI 2007/ 000217 50 According to an
enbodi nent -of the invention the crystal conprises an
oxygen concentration level in the crystal and/or in
the.nelt in an acceptable level or within a

WO0EHEPe range, defined by a target Value%§%¥qgwmm&n7
tolerance or, alternatively, by an acceptabl e upper
and/or lower |imt. Accordingsio an enbodi ment of the

i nvention the 5 oxygen target value for the crystal

is avalue in the_rangg 0.5 - pre; nore

p¥edecseapial cpodiments afie prpsent Weﬁmhavadv@m ghomg: a8 described, it is
AS tY nddréibo® 3ha ﬁhhé:@ chAfpeo afld ﬁgadiﬁbamlsqmodé it vathout departing

t | erance f X

et et oaife ErglPaet Rl B B o oo na
according to ASTM F 121-83 units 10 According to an
enbodi ment of the invention the crystal the
concentration for the crystal is an average deflned
in acertain part of the grown crystal. A crystal
according to an enbodi nent of the invention has a
carbon concentration essentially below 0.5 pprma in
the end of the body of the crystal and/or at a
position of the body where about 90 % of t-he initia
-charge has been pulled. A crystal according to an .
enmbodi nent of the invention has a 15 carbon
concentration below 0.2 ppma, advantageously bel ow
0.1 ppma, but nore advant ageously bel ow 0. 03 ppi na.
Accordi ng to an enbodi nent of the invention, a
furnace according to an enbodi nent of the invention
conpri ses dopant means arranged to provide at | east
one dopant into the nmelt 20 and/or charge. The dopant
- can be added into the charge in several ways, and/or
in parts or .portions by dopant neans of particul ar
kind,.in solid phase and/or in gaseous phase.
According to an enbodi nrent of the invention the dop
ant neans conprises -neans to add at |east one dopant
into the nelt in a gaseous phase, when the nmelt is in
the nol ten phase, or onto the charge before the

mel ting and/or during the nelting. 25 A skilled man
i'n the art, having read and understood the
application, should realize, that said first flow and
said second flow do not limt the nunber of the flows
that flow into the furnace and/or out of the furnace.
So said first flow and said. second flow are indicated
as to enbody in illustrative manner the routing of at
| east two flows in the furnace via at |east 30 two

di fferent ensenbles of routes, fromwhich at |east
one route ensenble is directed towards the nmelt
surface, and at | east another route ensenbl e avoiding
the nelt. At least one flow can be used as a sheath
gas flow to have the furnace and/or-a part of it, the
nelt and the crystal protected agai nst contam nation
originating fromthe gases, nelt, its constituents,
“and/or constituents formed via a chemnical reaction
-fromthe substances in the : '



35 furnace during a growth run. 51 Wiile severa
enbodi nents of the present invention have been shown
and described, it is to be understood that many
changes and nodi ficati ons nmay be nmade w t hout _
departing fromthe spirit and scope of the invention
.as defined in the clains be|OMI 52 Cainms 1.A hot
, zone structure for a Czochral ski crystal growh
Claig®nprising: a nelt region, a crucible, and a
thermal Iy insul ated shiel di ng menber configured so
that i) an inlet flowis divided into a first partia
1. T1oMbt386k SnBRAOREa pRBdAdKi brya grovith cempribita r st
partial flow is guided through the nelt region, which
conPrl ©§¥Na regi on above said crucible and between
sal duskiecingl e and said thernally i nsul ated shi el di ng

menber, and a region inside sa

: s '@eg@qﬂiwﬂfulgﬁdﬁ lding EMeer %nm%c{ r?a 2 an%gt fidw & divided _

into 4 ﬂ%}ggﬂa‘?‘t%'i ficﬂrQaNM 3 Ebci%tﬂdi Hatifeowal) lsyidifins uhmhiéﬁiwshg?ﬂsﬂj thrpugh the
In said nme regi on an saj arti

melt feginn, wWhich ZooPHgEsta F@@ncﬂpotﬁ/ 53 cmclj?ge @'5{ %et\g eh SadC?CI'UCIble and

said %Fréél?l ind e‘f}ﬂ ahigBgg %é?lli'tﬁarrmﬁd d F&g’dﬂu&nﬁdsbasﬁ&m ahd iii} said
her ma |nsu at ed shi el di

n
secotvbpatienfiows i atavaled 466, rirAgng T
memgg'e r%ld %gllt rﬂ%}"fﬂ rgfjsaﬁ@'ﬁ@t bikgl MRTRedaid melt ueditreby guiding said
gui de

con igure said first partial flo
second partisidlont aleiong charrhingige Gf St EHT asaﬂeﬁ“?r"lﬁm {j]sH'B{‘]"SsSL}“e‘d'“g
memﬁr om and to prevent said second partial flowto
Rteract with said space facing the charge. 3. The -
hot zone structure according to claim1, wherein the

r%) %’g st%&lj%t a%gor%mp 3<£ {fthﬂlg'i WRERET the Thebrially ilated shielding

rst and second parti al -
memfoé:OWﬁbmfeDccmf" igured ltmgﬂdmeamﬁttsf padkird flaw tq eRtel 2 SRAGE fRfingA charge
‘ h N, idiSract with said
of W'E#‘a"f‘ Fﬂeﬁ °”%ﬁa‘f3% :ﬂﬁmt %'I'd {Dﬁfgr rraf % y %%%)ﬁclj gtg ’gig!r shi el di ng._
spacéﬁﬁ)‘@ﬂhéﬁhaﬁgﬁther configured to enable said first and
second partial flowto exit the hot zone st ruct ure
and/ or a furnace separately from each ot her,
3. hOthezseorst shucture scadegriacaign t.ovheredn Weiherwlé/r"éﬁu}ﬁtqdr@'e'dmg
her ul ated shi f xiting the
merbga ik BN & ONT ST BT SR nRar 4 2 T befor it the.
" hot 28R¢ btri@turd eadbr PAardaey. around a crystal axis or its
' extension, so that said tubular shielding menber is
-arranged to format |east partly a channel wall for ,
4. thendHcRbend dteBturd @idiapotiainot, |vg1erm fhadhefrmeliv igsulated shielding

first parti al flowan/or .
* e bt ok R e Pl oo e 87 4ot o
strucﬁfré‘ﬁhtﬁ)breaf&ﬁ{ahe B&fdratelg fioHSRRPbLEL. Crystal and a -

t ubul ar and/ or conical nenber. 53 B.The hot zone

- structure according to claim1, wherein said hot zone
5 St fﬁécllid’ﬂ b6ne SRR SR85didgab clahe fwrfasém prertbéreallyf ihegdwted shielding
" and/or the second partial flow, a region e
membat Briaer SAMATEES BITUWIX RAIRAYIS BETRSSH 3 S B GAH A east party
aroufm#%%ﬁ%@al aki@ lor BB EALAgor, %o&ﬁat%aﬁ&gbm ﬁnmldlhgf member is arranged to
. par flow and said secondc{a rt¥ na f o first
form at ieast par’c!y a channel wall for the protection rom vapors origlna ing from sai
partial fiow and/or a meli, of at least one of the fo[lowmg: a heating element, said crucible, a

crucible wall part, a susceptor, crystal and a tubular and/or conical member.



7. The hot zone structure according to claima1,
wherein at | east one of the follow ng: said crucible,
a susceptor, said thermally insulated shielding
menber, a nmerging region, a charge, a nelt surface
having a | evel according tg a phase of the growth, a
crystal surface part of th& pulled crystal and a
tubul ar and/ or coni cal nmenber defines a flow geonetry

.6. of 716 R8Y LéreUb@ictdrt QWchiding fouripiace, el shiiendtr ymbadtructure
growt h or the phase of it. 8. The hot zone structure

 comprisedfen the Trsbpaia fiaw ENciRh Bieierons P ish E9w, Gr/ggig exfading into an
ouﬂe?%\k I-Abnnkl &‘@gé§omﬁl\é§ gfeéjfdrﬁbtc@ Rr GlRAIEH ARt WBRA said first partial

irst part and a second part fromwhich said first

flow aprigait secendpaitiphflew. has a cylindrical, essentially
cylindrical, strictly cylindrical, coni cal , _
~essentially conical, planar and/or appr oxi rrat el o

7. pl Emahot gensrerycjure agcording theleiny dnwhalein ¢ fasskong e%ﬁhaif?fewmg'

said tchcfﬁ‘ea'arQu%ce }Mrjega?d {Eeﬁﬁéig ?s%at@cp i&hd H‘%%E? d Héltgh'%rregion a

fSes a tirst sét c ure to set a
char@ @maeit surfaoe havirfd a svef $cc§wdmgrtar$ge“ﬁ§¢lt?' the rgf%[\f’fh i Er‘ giystal surface

part Sfr t¥é°’ hgﬂ ol g?é L% S daﬁ%ﬁf&? Ecﬁ-ﬁéaﬂneﬁ*\bg?a@e? Hé?a%?ﬂrg%gmetry‘ of a

configured to set a flow geonetry
paﬂlmdrml irf da fivmaae r:iam@ethe ntysfrabg;mwthsmd’@mﬂlaﬁfr gistal with a
~ . second characteristic nmeasure. 10. The hot zone
structure according to claim 1, wherein said hot zone
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is gu??ﬁﬁ Qﬁ% glechgrppde/ ﬁ%tw%a, nglf;tﬁt é)% he taesré cfmo a%t%nln Cbﬂ.cﬁ sald fir:?t and/or
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cont.i nu thermal _insulation surroundi ng '
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| oss and/or heating power consunption. during nelting
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com;ﬁfeééiﬂ“#élt %i%@ﬁ@uﬁﬂdﬂl skDa A0y gedraetof foch ditstBoul atrangbbhent for a first
crystal wzth a first charactnrtsfif‘ measure and a second set ¢ onfigured to set a flow geometry

for a second flow arrangement for a second crystal with a ‘sacond characteristic measure.

10.  The hot zone structure a_ccording to claim 1, wherein said hot zone structure further
comprises the crucible for holding a charge and/or.a' melt, a heater for meiting a material in
the crucible and/or keeping th'e material in the moltén state during the crysial growth, and
essentially continuous thermal insulation surrounding at least the crucible and the heater to

reduce a heat loss and/or heati)'ng power consumption during melting and/or crystal grth. '

1. A furnace for a‘ Czochralski crystal growth co‘mprising the hot zone structire

according to any one of claims 1 to 10.



