Device for pulling a single crystal The invention relates to a device for
pulling froma nelt a single crystal having a w dened portion between two
neck 5portions. For the purpose of reducing costs, it is desirable for the
production of single crystals to achieve the greatest possible crystal

di aneters and crystal |lengths. This becones 10 particularly clear fromthe
exanpl e of silicon single crystals which are pulled with a nom nal dianeter
of 300 mm and a wei ght of nore than 300 kg on an industrial scale according

to the Czochral ski nepbedze Gy e5NARGING REAGEESESYEOE1 produci ng single
crystal s having a nom nal dianmeter of 450 mm are already | Sbeing devel oped.
When a seed crystal is positioned on a nelt, the thermal shock causes

di sl ocatins; whi-eh-have: 41e be el menated tbef prelihe simgle reriystal can be
pul I ed. Dislocations_have been proven to 20hbe;§[inin ted by.a

conpar at$ vl 3 tRVAtAeckE Hord ifort SR EICaFry “hEM ngE piif e d G A5 He course of
whi chy disdocadisons are forced out of the crystal. In the case of heavy

single crystals, in particular in the case of silicon single crystals which
have a wei ght of nore than 300 kg, the tensile strength in the neck 25
portion fsrognenaldoystoof wesdodindecattlse to wet Hstamebidefdwoade 1t has

theref ore becoms, accent ofh pragiise o elbeve.! e neck. . partian hetore the
crystal diameters and crystal lengths. This becomes
1¢ particularly clear from the example of silicon single crystals
which are pulled with a nominal diameter of 300 mm and a welght
of more than 300 kg on an industrial scale according to the
Czochralski method. Corresponding processes for producing
singie crystals having a nominal diameter of 450 mm are already

13 being developed.

When a seed crystal is positioned on a melt, the thermal shock
causes dislocations which have to be eliminated before the
single crystal can be pulled. Dislocations have been proven Lo
20 be eliminated by & comparatively thin neck portion initially
peing pulled, in the course of which dislocations ares forced
ocut of the crystal. In the case of heavy single crystals, in
particular in the case of silicon single crystals which have a
weight of more than 300 kg, the tensile strength in the neck
25  portion is generally too weak to be able to withstand the ioad.
Tt has therefore become accepted practise te relieve the neck
portion before the load becomes critical. For this purpose, the
neck portion is widened and tapered again so as te produce a
widened portion between an upper and a lower neck portion. The
3¢  lower neck portion is designed to be thicker than the upper
neck portion and correspondingly has & grsater fenslle
strangth. For relieving the upper neck portion, use 1is made of
a supporting device which engages below the widened portion and
at least partially bears the weignt of the single crystal. By
35 way of example, the widened portion can be shaped in the manner

of a bicone or a sphere.



critical. For this purpose, the neck portion is w dened and tapered again
So as to produce a w dened portion between an upper and a | ower neck
portion. The 30 lower neck portion is designed to be thicker than the upper
" neck portion and correspondingly has a greater tensile strength. For
relieving the upper neck portion, use 4s made of a supporting device which
engages bel ow the wi dened portion and at |east partially bears the weight
of the single crystal. By 35 way of exanple, the w dened portion can be
shaped in the manner of a bicone or a sphere. US 2008/0022922 Al descri bes
a supporting device which conprises a supporting ring having an openi ng and
gri ppi nguéatehest Mty afedasranged oppospde: one danottlkewhonnt he supporti ng
ring and . be tilt o] an.axis. T i ppi.ng..C hes.can execute a
tilting cel Fr”égﬁ’féfgr én%%g%mE?%ﬁngl%%s?%Y%ﬁ?iaﬁ%ﬁ%%ﬁﬁ%%ﬁ?& %%é?r% in which
t hey ext endchatowithe epenengzapddunpersthe wwdened hpar thonheThe supporting
device h he_dj sa e that _the, gri:pping catches deop Lrreversibly
into §0 ?ﬁ@ﬁﬁgrg$igg§%£%?%oﬁng S_uﬁag%%egﬁgroﬁ%}ﬁﬁuﬁf tﬁg é?ﬁ%%TH% cat ches
pr onot es cehehps oductdgrrudk partiiches mwhavehethrieatem tdie tcont pyedion
singl e-crystal, grown, of.thecaryshaly s Lp addi tian,d he.arippi pg.calches can
no | onger be noved back into the waiting position inorder to be able to
back- nel exthendeystiad Wiglerowi vgrthenocoer enerevfindi slegcati oRs. thin
accor dangg it b US 5,843, 2:29.,,3,SURROLLL DG, deyi Ge ;6an-al.s9,he enbodied in
such a maysthatr%$§$s pos§ﬁblgrt8§en age un%%r'fﬁg'ﬁfdéﬁéd po?tfoh
reveri8i biy:e Thil§ing rachiteved Wenﬁaﬁémﬁﬁdadr@ﬁm i deéndi deohaviitig two arns
whi ch intersect 3t f.¢al ar0n-pelpt;and ar e, poved 4 ouard, ope-anot har. and
away fromone another by means of hydraulically operating cylinders.
di sadvantcagé Lm-eR ehi Bl erioditrentricythhat the a¥ys-vovd pastonetanot her in
shearing fiashi-9ny; and-dheref ore g-highdedreendfeq vack into the

waiting position in order to be able to back-melt the crystal

15  following the occurrence of dislocations.

- In accordance with US 5,843,225, a supporting device can ailso
ba embodied in such a way that it is pessible to engage under
the widened portion reversibly. This is achieved by means of a

20 gripping device heving two arms which intersect at a rotation
point and are moved toward ons ancther and away from one
another by means of hydraulically cperating cylinders. A
disadvantage with this embediment is that the arms move past
one ancther in shearing fashion, and therefore z high degres of

25 particle formation in the vicinity of the growing singls
crystal must be expected. Furthermore, the cylinders likewilse
produce particles during operation. However, the uss of a
shield, which holds back particles, to protect the single
crvstal 1s insufficient because the shield nesds to have

3¢ leadthroughs for the arms. In addition, the leadthrougns need
to have & sufficient widih so as to avoid obstructing the

sideways movement of the arms.

- Embodiments of the invention seek to provide a device

35 for pulling a single crystial having a supporiing device, by

h

F

means of which it 1s pessible to reversibly relisve the upper



particle formation in the vicinity of the growi ng single crystal nust be
expected. Furthernore, the cylinders |ikew se produce particles during
operation. However, the use of a shig/d, which holds hack particles, to
protect the single crystal is insufficient because the shield needs to have
30 | eadthroughs for the arns. in addition, the |eadthroughs need to have a
sufficient width sp as, to. avoi d obstructing the sideways novenent of the

ar ns. Eﬂﬁgfd?%‘?ﬁ ‘é“tg?mttheéeﬁom/}éarﬁ‘?&)‘i‘? SN at}ng'bfi?ﬁfP?j‘éf RAriEs fematign fipthepy| | j ng
a si ngl gicafiydrahe BBViMGiR;ISBRRALI Ny device, by nmeans of which it is

possi bl e to%}evergﬁbfgg?g%ieve the upper 3 neck portion wi thout therefore
havi ng to expect a high degree of particle formation in the vicinity of the

growi ng,singl e crystal. cordin 0 _an aspec f .the inyention, there is
provi de@® el Faloran 7 RE S Pl SR hgT Cecf{%ﬁ%flgﬁ’&m %awg wi dened
portiong Qﬂig}'@@f@stﬁﬂhékﬁﬂ?_ﬁ WidEhed PRUEE bB&&EN RANIIPRP and &l 1gwEeN & ERHPr 1 SiNg a
pul ling device for pulTing the single crystal "and having a cable drum for

wi ndi ngsad geNits ergnaiie; and a supporting device for relieving the upper

neck portian of the.weight of the single crystal i d _supporti devi ce
Conpr | ot RubelesbBror RuPe B¢ ol SR GpE ¥R Rian e ot Y il Scat ches
whi ch ap@lihasigaeddon the supporting ring such that they are opposite one

anot her and can be pivoted about the axis of a bearing, wherein the
gri ppi ng seeputes deyse deesthering thevwpst Brek ppiioni efgthaoveskinef theosinglewai ti ng

positio i i N0 : u r e_w dened portion of .the

single c ?% é%?f?ﬂg%ggﬁ%gggg%émggégggéhgﬂﬁﬁn&%i%ﬁ%ﬁhg§ge%%gﬁguF%f%dthe

openi nghaisk yripgingtdagched déiddapohitegud amdhaeporidg g fsoch apntiast ireg t he
i bearing cables and auxiliary

wi dened portion; cable gruns for mnndiqﬁ ,
cabl es WPROSHE GRBATOXET SR AALPFE PiNateg P thy Dea Pt hBsartig. phesisthaesiPpingt he axi s

of the I ) Mool : C : illaty ral s. for. ¢hangi ng
t he cangé%EE%ng%e% eagﬁ&?ﬁkgrlgggﬁrggyaggﬂgﬂﬁééb%?&%?I&ﬁ#@h’ghghgﬁvoting
novementhepfdd het gxteppiungderc titecivélned porttnrghf tebeiticle Erybali mentshaéinghe

invention.make it .possible to reversihly relieve the upper neck portion of

the si ngfse"¥r ;}%Wiﬁl& ey 18158 1%‘fﬁéhfgppw%@n<§afl§qaé§e srdens goreor@idiFed o be

potenti@hm%g%&qgﬁugﬁngg&khgg§gébﬂmﬁge vicinity of the single crystal, they
' [ Il

can be adjusted in a controlled and careful manner such that they only
rarely eablgdemsdios vooding deamngeetbics dnd auhdidny lcelblag whoki dre dastettedeongthieppi ng

f ?;ﬁgfe :ﬁépgn%%%ﬁeéég b%thns%geg%r%lﬂgeaalxliy ois tilg gé&%n%%r}%% gr?plil:v%?g (t:atgc tes;szgx%ur e | oad

auxiliary rollers for changing the cable path of the auxiliary cables, as a result of which

the pivoting movement of the gripping catches is brought about.

Embodiments of the invention make it possible to reversibly relieve the upper neck
portion of the single crystal. Although the gripping catches are also considered to be
potential sources of particles in the vicinity of the single crystal, they can be adjusted in a
controlled and careful manner such that they only rarely trigger dislocation events. In the
holding position, the gripping catches are fixed in a mechanically stable manner such that

secure load transfer is ensured.

According to embodiments of the invention, a group of two or more gripping



- According to enbodi nents of the invention, a group of two or nore gripping
4 catches is pivotably nounted in a supporting ring and suspended on in

each case two cables (a bearing cable and an auxiliary cable) on both sides

- of the axis for the pivoting novenent in such a way that a controlled and
reversible pivoting novenment of the gripping catches takes place as a

result of the respective auxiliary cable noving vertically in relation to

t he associ ated bearing cable. Furthernore, a synchronous vertical novenent

of the bearing and auxiliary cable relative to the seed ho|lder with.the

gri ppi nadatEied S BiFREZPOY BT ChdFdPnG UpESFEF DR Pt s & CHTF6H ed

| oad transfel .cddn azpeeterread enbadi menlr:ol thelknyedtdromnustig agrvi ppi ng
catches are noved by two bearing cables and two auleiang cabl es mhlch are
wound on®&R e it (ﬁflalbooff Enoseabl & dris SwHicch = FoP T et 9 part=lSim dn a

comon dgive Shafit trAs a Eestidl eQimay}CDI’I%v@Hc:\iEIB”DbD‘Eoﬁﬂlq eguiamechtt 0
achi eve the synchronous vertical novenent of al bl.es and therefore

of tht ehti ApPEsring2aelite2NSy 5?&%? o §x5cﬁfétt% Véttical novenent
of the ayxg,éé@crwé:aabmsmnyreéhaﬁe ontind herheariing tabless:atn lteasthst he

auxiliary cabl es a ui ded via, in each case, qne guide roller after 20
runni ng oFFOTHE Thb g}chrﬁnﬁ“““a%d I'{‘{Rfot Suxi9hdry ref'fers are rmr\e/te"" i'n

cont r ol |@@|véra§m (m? ltnieo reheisabdred path ofathezéixi Feaeyicvabl @stioy nmeans of
a drive, of whi ch_the cabl ath of e-auxiliary, robllers is
| engt henddS da? §§ PFICUI5?I§1” %ﬁ%ﬁréﬁle od‘néh? o? ?ﬁ% ?%Jéﬁf#o t he
cableodrunkiotommmnhmq;a:heﬁputtmrquxﬂn&nzﬂuﬁnaaerdrﬁvea rhefeabte druns for

w ndi ng the bearing nd. t xi 1 lary cabl eif gLk and
the auxi FIEP§-Foit e‘?gatglnd ' %egr %(r?‘i \a/t'Lel“%r&eﬁf%%Jtcn nec%%gﬁgg %gm‘m% o\r@zont al
pl at f or m:whi bhacang bez18Gkssendi nwa zothl i omnal catovenwiht.cabsue thendxis of the

pulling cable.  This ars enent nly,.one. drive ot oL, i s, required
for the Potat?o“O“ %eagg%ggﬁorggggg%dﬁg% ?hgxgggbortlngrdeV|cg and the
probl em ebmsynchr bné zéwef t.hésr ot aefohal - wdlenem srdgésmaderatfse. 35 5

{5 required to achieve the synchronous vertical movement of all
+the cables and therefore of the entire supporting device. In
order to execute the vertical movement of the auxiliary cables
in relation to the bearing cables, at least the auxiliary
cables are guided via, in each case, one guide roller after

20 running off the cable drums, and two auxiliary rollers are
moved in controlled fashion into the cable path ol the
auxiliary cables by means of a drive, as a result of which ths

cable path of the auxiliary rollers is lengthened.

25 In a particularly preferred embodiment of the invention, the
cable drum for winding the pulling cable and its drive, the
cable drums for winding the bearing cables and the auxlliary
cables and their drive, and the auxiliary rollers and their
drive are fastened on & common horizontal platform which can be

30  set in & rotational movement about the axis of the pulling
cable. This arrangement means tThat only one drive motor is
required for the rotation of the seed holder and of the
supporiing device and the problem of synchronlizing the
rotational movements doss not arise.

35

The invention is explained in more detail below with reierence



to figures. Fig.1l shows a device according to the invention in a preferred
configuration for producing silicon single crystals. Fig.2 shows the
supporting ring with the gripping catches in the waiting position. Fig.3
shows the supporting ring with the gripping catches in the hol ding
position. Fig.4 shows elements of the pulling device and of the M
supporting device in a state in whi ch’ t he gripping catches are in the
hol di ng position. Fig.5 shows elenents of the pulling device and of the
supporting device in a state in which the grlpplng catches are in the
maltlngt§b§ﬂﬂkéﬁ5 is The device according to Fig.1l conprises a vacuum
boiler 1 in the interior of which a graphite heating resistor 2 produces a

silicon. nelt 3 in a quartz glass crucible 4, A silicon single cr¥§t 5is
pul | ed FﬁéhﬂtﬁP§W§|?l?ﬁﬂTQ#bﬁPC§“G§Pﬂg 4 Pif | YRG0 SCabFe 26 Wt &h* mound

onto a cabime drum dnwhen dhel-abbek: §c§etsirﬁg1r@t@tys@ml@y means of a
lifting notor 9. The cable drum 7 and the.|lftl mot or are Situated in a
uni t Swhifcr °s SPEFer Fatl THRE d7EabrEYr Bt ar y-ihe 'éﬁﬁ'@aﬁabg §8t™¥n rotation
by WEanS&QJm%lﬁQbatp@§+ﬂDiDr 10 such that the pulling cable 6 25 and the

single cryst 5 alsg contlnuouslé rotatg. g_ut ther own_ axi, i s..Wen heavy
single drifsta §'Wftﬁ A WEHYH-0F AppFo¥: “300" k¢ and Wer € *ara putled, the
bearingtQ&paﬁﬂbynafpasiﬁddnS|Ilcon neck portion 11 which is required to
FL;S]naHﬁmePCKo%ESL9§QGl8§Si@&&?r se gkngagglégtgyicﬁy[%%ces so that a
10 supporting device in a state 1n which the ¢ripping catches are

in the holding position.

Fig.5 shows elements of the pulling device and of the

supporting device in a state in which the gripping catches are

in the waiting position.

The device according to Fig.l comprises a vacuum boiler 1 in
the interiocr of which a graphite heating resistor 2 produces a
silicon melt 3 in a guartz glass crucible 4. A gilicon singie
crystal 5 is pulled from this silicon melt 3 using a pulling

26 cable & which i1s wound onto & cabkle crum 7 when the latter is
set in rotation by means of a lifting motor 9. The cable drum 7
and the lifring motor 9 are situated in & unit which is
referred to as a cable rotary head and can be get in rotation

by means of a rotation motor 10 such that the pulling cable 6

o
n

and the single cryvstal 5 also continucusly rotate about thelr
own: axis. When heavy single crystals with a weight of approx.
300 kg and more are pulled, the besring capacity of a than
silicon neck portion 11 which 1s reguired to eliminate shock
disliocations after seeding no longer suffices so that a load
30 support is reguired for the weight of the crystal. For this
reason, pulling of the thin neck portion L1 is followed by
pulling of a bicone 13 followed by a thick neck portion 12
which has a correspondingly higher bearing capacity and Lhen
the single crystal in a more specific sense, subdivided into an
33 initial cone, a poriion with a constant diameter and an end

cone. In order to support the single crystal during the pulling



30 support is required for the weight of the crystal. For this reason,
pulling of the thin neck portion il is followed by pulling of a bicone 13
foll owed by a thick neck portion 12 which has a correspondi ngly higher
beari ng capacity and then the single crystal in a nore specific sense,
subdivided into an initial cone, a portion with a constant dianmeter and an
end cone. In order to support the sinéle crystal during the pulling 6
process and to nmechanically relieve the thin neck portion 11, use is nade
of a supporting device in which two gripping catches are pivotably nounted
in an amut@sshedy, thenetiel Gw vefrér iedet bhasta s uppor tiodg 2Piing- The
supporti ri.n 6 and,t JPRINGcateh ceq [ ustyatedpipn detail in
figures and %.agi'T'hg" g?i%%%”@gt%%egéar egﬁjeﬁ%g%{]ﬂ bbtl{%ﬂ in the waiting
posi t i oncarEhesy a18 Phav e heb hol iy Sposit FBNaDTRES T nuel it yedict8ctédvend of
the gripping cat ¢hessis @@9&1&% n:suchra=Waypthat:id can be breught into
contact wth the bicone 1$ of thQﬁVVsin%Ie crystal 5 when the grigELng

cat ches 18 & Hodnehed heheF nt Hosi 195015 2 “TRe 1Pi V8t Fhy MoveriESof £He

gri ppi ngs catiches ii-s:exeeht efed @ comorekl ed and.reves sidleanner with
each gripping catch being fastened to two cables (bearing cable 14,

auxi | i ar§oehbl® B5% ardiWi th tie Eap1'éSappfircati'on’ poi & %ei'ng 1S situat ed
on the ggipping: catichestpa boitbsidesrof.ctkhesaxinscof 4 hen beani ngwaThe

pi voting novenent of the gripping catches is triggered b 1abr§I%LLve

verti cal “ibveneritt o2t RECTabt es’ 1%, “CI5 2 &R ' he " SupportT ny device is in
the unl ogdegh statetathe anxhlties yycahlies thceansbesused i tpievot the

gripping _catches 20 outward or. inward by nmeans of a_ npyement relatiyve to
Phe’ bear PGS CHbIRSS 45" The 'S UpbOI 1 1ig P RBELS F8 provh ot mid hoSebpe. f or
t he grippkngzcaichesn sakcdnstopsepraventdveg saoé¢entienued pivotdang novenent
of 75 the gripping catches 18 when the holdi 10si, LLon,: has. heen -r,eached.
Once thegggpﬁb”%g”%ﬁfb §§n%8*ﬁgbénfﬁgg% Sg)f%%lﬁglé%ﬁgpﬁggffﬁgha"a’
synchr onausiupway d:amivedént zofl vheh cadbd exbl4, apBliisabhibiated-umsinst he
inwardly directed end of the.grippi c canhs. i pto.contact wth the
bicoﬁg 1§l8FafH§cg}ﬁ@ﬁeg38g§%§été?”§gﬂié)U??%Qr%gP%Shf‘upMard nné%nent of
t he cabl éselleaidsng edds tovatsupportémantf oricd seicAgrexert et dikd Hé bHcone
13 triggered by a relative vertical movement of the cables 14, ib.

When the supporting device is in the unlcoaded state, the

auxiliary cables 15 can be used to pivot the gripping catches

[ &}

20 outward or inward by means of a movement relative to the

o

bearing cables 14.

The supporting ring 16 is provided with stops for the gripping
catches, sald stops preventing a continued pivoting movement of
35  the gripping catches 18 when the holding position has been
reached. Once the gripping catches 18 have taken up the hoiding
position, a synchroncus upward movement of the cables 14, 15 is
initiated until the inwardly directed ena of the gripping
catches comes into contact with the bicone 13 of the single

30 crystal 5. A further slight upward movement of the cables 14,

{3

"5 ilzads to a supporting force being exerted on the bicone 13

[

cn account of the elasticity of sald cables, and sald force

relisves the thin neck portion 11. In this situaticn, the

bearing cables 14 substantially serve as the bearing cables to
£

35  which the weight of the single crystal is partially transferred

by means of the stops in the supporting ring 16 and the



on account of the elasticity of said cables, and said force relieves the
thin neck portion 11. In this situation, the bearing cables 14
substantially serve as the bearing cables to which the weight of the single
crystal is partially transferred by neans of the stops in the supporting
ring 16 and the 7 beariins of tgripping catches. The cable drum 7 for

wi nding the pulling cable 6 and its sfroke drive 9 as well as the cable
druns 21 for wi nding the bearing cables 14 and the auxiliary cables 15 and
their stroke drive 8 are nmounted on a comon horizontal platform 19

(Fi g.4) peEhenpkatf orie Lriipiset ckhcretati on about the axis of the pulling
cable 6 by the rotation drive 10. The drives 8 and 9 are therefore capable
of driving the vertical novenment of the Wpulling cable 6 and the

synchr orous cweer i ¢akm nbvementinef:rgheheabhesing, ca® oft vhe $appdFEPHYy device
| ndependently oof. -one, anot har. Jingeqthasreli el of.ihe.d hia Beck pertion 11
is intended to be initiated in a control |l ed manner after the catches 18
have smadeldermt dét awiit hhe heopildene T3bdest he 259 silfylle SEtpsEarr57eit s
possi bl e, to insert aboye.the,cabl.e drugs Z;.2i.guide rold ens 24e 25 over

whi ch the cables 6, 14, 15 run and the bearings of which are_each connected
to | oad rellfoso lfhas etectt omil@Siognabe el ati A 0%t He'9 @&dﬁﬁﬁgdue to the
wei ght of \the 4 ndi vidual. cablesi.ane avai babl g-rateany dridme: zka order to
ensure that all the cables 6, 14, 15 each run perpendi cular to the guide
rol | ers PaergBre £apgbativaht Ageods f-&e FﬁétééﬁﬁemﬂYﬂW§“t6“bénﬁnunted on
theiry dri, ve shafits.22, ;23 such: fhat-drhey cantbeadisplaced latenal |y and,

if appropriate, adjusted when the cables are wound on q&d unwound. 25 The
movenent Se?lehe ‘cablPes 140° 1555 Tleil %t 968 €6 OHE“BROtHET Y ¥ ordér to pivot
the grippigg.£at chesccoukd:-be; ach-eyed byiusiegki noeacdn case sone separate
drive and one separate cable drum and also.a gquide roller far each bearing
cabl e 141§ﬁﬁp%ﬁbH‘B@ea&%FFFﬁ}VdCHBF%‘f%ﬁrﬁdwggepfnpfrd%ﬂbé?fiGularly

advant aggeusn1:0; use draseaghngasenone comuan cabhetteum &ind ar? apaine of

cabl es L , o .
15  single crystal 5, it is possible to insert above the cable

drums 7, 21 guide rollers 24, 25 over which the cables &, 14,
15 run and the bearings of which are each connected to load
cells so that electronic signals relating to the loading dug To
the weight of the individual cables are available at any time.
56 In order te ensure that all the cables &, 14, 15 each run
perpendicular to the guide rollers 24, 23, it 1is advantagecus
for the cable drums to ke mounted on their drive shafts 22, 23
such that they can be displaced laterally and, if appropriate,

adjustad when the cables are wound on and unwound,

The movement of the cables 14, 15 in relation to one ancther in
order to piver the gripping catches could be achleved Dy using

in each case one separate drive and cne separate cable drum and
alsc & guide roller for each bearing cable 14 and each

3 auxiliary cable 15. Howsever, it is particularly advantageous to
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ne common cable drum 21 for a palir of cables
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14, 1% which wed to the same gripping catch. This

ensures a completely synchronous vertical movement of the two

cable

o

. 14, 15 as the assoclated cable drum Z1 rotates. The
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n
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relative movement for pivoting the gripping catch is triggered

py a small auxiliary roller 27 being introducad into the cabls



14, 15 which are fastened to the sanme gripping catch. This ensures a
conpl etely synchronous vertical novenent of the two cable-, 14, 15 as the
associ ated cable drum 21 rotates. The 15 rel ative novenent for pivoting the
gripping catch is triggered by a snmall auxiliary roller 27 being introduced
into the cable 8 path of the auxiliary cable 15 and thereby | engthening
said cable path (Fiq.5). In the case df a | oaded supporting systemwth
conpletely inwardly pivoted gripping catches 18 in contact with the bicone
13, the small auxiliary rollers 27 are renoved fromthe cable path of the
auxi | i aryz eabl es:1kb sconph et el yamnd therref are rabsoldogtiotnthisrauptd t he wei ght
measurenent  for_determning_the supporting force of the supporting device
(Fig. 4 IFa?%eaﬁ§ﬁqp&?ﬁ?gﬂragPyLad éﬁfﬁd@gdélfgdﬁge“ﬁp%%ﬁﬁﬁﬁgﬁﬁfﬁé'éhaft 23
for all #hencakhe dr=uys i2darahi chiweans ¢hateinke ceonptet et yirsymghrenous
vertical run of all the abg s 14,..15 and .gri ppi catghe L he ef fected
using a §Fﬁ6l%n%r?Nﬁ§Q§.lgéc ﬁﬁ ﬂ??%% %ﬁéﬁi}%fﬁp§5ﬁgggf ?og%¥%2$3Mnf% t he
i ndependéntm16neriare <9 patint hé Clabl ®xdi um7A, dadwiendSupothespallt iatg cabl e 6.
The entire process of transferring the laoad from.the pylling cable 6 to the
beari ng Cgbﬁgéolﬂua%ﬁotcé“éﬂpﬁé? ng d%Vicegiﬁh“FheréfoFé be control |l ed by
control | brgethendrd vés 8rapndr9iforithes dri véisshabpsr22nc28etaki ng into
account t, egwglght signals 20 fromthe weighing of the guide rollers 24,
25. A third>drive shaft 26 may use a relatively weak and sinple drive to
trigger the novenent of the small auxiliary rollers 27 into the cable path
of the ayxiliary-caples 13.hf tgmﬁ@g LLi NG deMICE ioSrBnt hes unl oaded
state (FW@.S). Tﬁg adﬁﬁ]iary ga I es 158ar§ t hereby noved upward by a
defined @fstanée fef atlivéieocrhe=b@arPhg’ cabifesasand thet-"feads to the
grippt ”9&%@@%@19!% HANG-QUtWaEde 1 LRt his Mmaitiingrposisbien of, the gripping
catches it I's possible for the supporting device to be noved into a
posi ti on 26€ BESPPBYT nEHITE ST CasPRchF HREUSC UpWad hovereRt “6t V804l 14 t he
cables 14,195 drive shaft 22 serves, together with the independent
15 drive 9 of the cable drum 7, to wind up the pulling cable 6.

The entire process of transferring the load from the pulling

cable 6 to the bearing cables 14 of the supporting device can

therefore be contrelled by controlling the drives 8 and 9 for

the drive shafts 22, 23 taking into account the weight signals

20 from the weighing of the guide rollers 24, 25. A third drive

shaft 26 may use a relatively weak and simple drive to trigger

the movement of the small auxiliary rollers 27 intc ths cable

path of the auxiliary cables 15 if the supporting device is in

the unloaded state (Fig.h). The auxiliary cables 15 are thereby

I3
Lh

moved upward byv a defined distance relative to the bearing

v
cables 14 and this leads to the grippim
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cutward. In this waiting positicon of the gripping catches 17,

(3

it is possible for the supporting device to be moved into

43

position of rest by means of a synchronous upward movemsnt of

30 all the cables 14, 15.



9 Clains 1. A device for pulling froma nelt a single crystal having a

w dened portion between an upper and a | ower neck portion, said device
conpri si ng a pulling device for_ pulling the single crystal and havi ng
a cable drumfor winding a pulling ca%le; and a supporting device
for relieving the upper neck portion of the weight of the single crystal,
sai d supporting device conprising climg @ sSupporting ring having an
openi ng and having grippi ng catches which are fastened on the supporting
ring such that they are oppositg?%%g anot her a i vot ed .about the

. can he
axi s of al-bearf M§viceisy R4IR9t FRM i AGNSR 8H’é‘§9@5ﬂ”%>€"‘e8’ 85¢, PPEGR si bl e
pi \éoti nﬁ Wgémﬁuﬂpépéﬁdaa imi?rtrieﬂgpmsm,]tsiamrdesﬁca cafmbiiding hey do not ext end
under the w dened, portion of the single cr , sition,
in which they %Rﬁ@\%&%‘ﬁ?@?ﬂ&”%@%ﬁi"ﬂ AN [éﬁ%ﬁ%mrﬁdn%tc%m%g%gdﬂ%@%g i|R§n and are
wai ting fepukeydadetamy the w dened portion; cabl e drums for w nding
bearing cabl es_and ux'c#e'v%%%rcfaeﬁé\ﬁ@qf W Gihe Bk gﬁ:ttigﬁ‘%@ 4R whRG: 8F P Ng

{ t he of th

cat ches on bot f S§PELE e axi s th earin e gripping catches;
and singlexiysiahs3id sedtoding dpgee eapigindg t he cabl e path of the auxiliary

cables, as a r?%‘db;%ortﬂ{? W GRuiddsn Rb¥Ahd Bdc TRVREERpRE ddi®egninkpi 8 cat ches
is brought about. 2. The device as clained in Claim]I, furthﬁr c%rrprl sing a
pl at f or m festeshd pottae seppaRiparing Fuchihal Ty BLPROFIE MG AN 28AFBYEwhi ch are

mount ed tﬁﬁo@abelb%uﬂfh!é%ﬁé)ﬁf\éﬁ peliring, WherepUkdd Bgopabkechdshearc akbmitedauns f or
wi ndi ng t [ cabl es and the guxiliar d.th uxiliary

rollers. ?ﬁ’e’%@'ég‘gwﬁé‘oﬁm%‘?t o WRHNE: P%ﬁ’?ﬁ“{i”g"?%ql e@?’hﬁ% ,nOtfeuxfe[nﬁé'Pd%rorrpri si ng
a comon gabiRefldusariddrofWhansihglg chatal,iinig «chbibieg pasitioraux whicartyeycatidrgs whi ch
o oL S T b S e P B S P B PR SR o o
w ndi ng t keddneapbtion,cabl es and the auxiliary cabl es.
| cable drums for winding bearing cables and auxiliary cables which are fastened
on the gripping catches on both sides of the axis of the bearing of the gripping catches;
and
auxiliary rollers for changing the cable path of the auxiliary cables, as a result of
which the pivoting movement of the gripping catches is brought about.

2. The device as claimed in claim 1, further comprising a platiorm which rotates
about the axis of the pulling cable and on which are mounted the cable drum for winding
the puliing cable, the cable drums for winding the bearing cables and the auxiliary

cables, and the auxiliary rollers,

3. The device as claimed in claim 1 or claim 2, further comprising a common cable
drum for winding bearing cables and auxiliary cables which are fastened on the same

gripping cafch.

4, The device as claimed in claim 1 or claim 2, further comprising a common drive

of the cable drums for winding the bearing cabies and the auxiliary cables.

5. A process for pulling a single crystal using a device as claimed in claim 1 or

claim 2.



5. A process for pulling a single crystal using a device as clainmed in
claiml1 or claim?2. 10 Abstract: Device for pulling a single crystal 5 The
invention relates to a device for pulling a single crystal froma nelt,
said single crystal having a wi dened portion between an upper and a | ower
neck portion. The device conprises a pulling device having a cable drum for
wi nding a pulling cable and a supportingldevice for relieving the upper
neck io portion of the weight of the single crystal. The supporting device
conprises a supporting ring having_.an opening and having gripping catches
whi ch are fastened on the support?ﬁ%ﬁ??gﬁtSuch that they are opposite one
anot her and can be pivoted about the axis of a bearing, wherein the

gri ppi ng catches can ecute.a reversible pivotin vement froma waiting
position into a hol di ﬁ%’vpl(?& ff%n?u?%u\f\?ii%h #e ee%%%& into the opening and
under the w dened portion; cable druns for w nding bearing cables and

auxiliary cables which are fastened an the grippi.ng catches_on_bg si des
of th aiygps 6‘?v?rﬁ‘*em61e§rei&iﬁ§e%f é? he 20 dri p‘ﬁ%f@gtlé’%eg; Séﬁgf%u%hf?gaaﬁy
roll ers fapmchanging s=Hel cabbée pathsicfl ttherfauxid iwvargredbpestias a result of

which the plyoling movement of fhe 9ldPPiNg cahehes J §hrouobl 2ol Fig.

& pulling device having a cable drum for winding a pulling
cable and a supperting device for relieving the upper neck

16 portion of the weight of the single crystal. The supporting
device comprises a supperting ring having an opening and having
gripping catches which are fastened on the supporting ring such
thet they are opposite one ancther and can be pivoted about the
axls of a bearing, wherein the gripping catches can execute a

15 reversible pivoting movement from a waiting position into &
holding position, in which they extend into the opening and
under the widened portion; cable drums for winding bearing
cables and auxiliary cables which are fastensed on the gripping
catches on both sides of the axis of the bearing cof the

26 gripping catches; and auxiliary rollers for changing the cable
path of the auxiliary cables, as a result of which the pivoting

movement of the gripping catches is brought zbout.

Fig. 1



