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 ocatjns: whirchohave 41 be elai mnated bef pﬁeﬁiﬂfte sidngle n@rlyts'raal can be
pul l'ed. Dislocations have been proven to 20 b | i m nated by

conpar at§va \ tHiYAtheck® Pord icor HQ%“rlaFP§tbéPn§ b i Fed; "9 ﬁ“fﬁé course of
whi chy dl@éﬁﬁ&ﬂﬂg)ﬂS 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

o of o - RECOIE Acconl o P/ A6)) 39,1 6.1 o ov6.! D opla . BOY Y sbor e 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 to 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 weight of the singie crystal. By
35 way of example, the widened portion can be shaped in the manner

of a bicene or a sphere.



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 | ower 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 is nmade of a supportsng device which engages bel ow t he
w 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 describes a supporting
devi ce which conprises a supporting ring having an opening and gri ppi ng
cat ches WAi eh0&sf @ Za@r%Zangéddepposibte onsuapottierg arvthe sbpporting ring and
can be til p t L T rippi cat ches _can_exe .atilting
rovement TFRBRT A aa € NG b6 El o e o A BT Ai G BOG B GnCE WY ch t hey
extend i neocthe openi rgeandrander thecwidenst porttitenr. ofhehsupporting

device h he_dj sa e that _the, gri:pping catches deop Lrreversibly
into §0 ?%E&Hgfg#%g%%%g%?%oﬁfRT%g_uﬁag%%e%$&r05%}ﬁﬁ“ﬁf tﬁg é?ﬁ%%TH% cat ches
pr onot es cehehps oductdmrudl pattiiches mhvehsthrisater tde tcopt pagedon

singl e-crystal %PH‘H;; fosthe crystaly s Lp agdditian, ihe.drippi B%er& hes 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 dance it 843, 2:29,,,8,8URPOLLLpY. deyice .can. al.se,he enbodied in
such a maysthatr%$§$s pos§ﬁblgrt8§en age un%%r'fﬁg'ﬁfdéﬁéd po?tloh
rever'8i blty:e Thiging rchiteved Byensadsmptdadreps ppl i déd éechavirdg two ar s

whi ch intersect 3t f.¢al ar0n-pelpt;and ar e, poved 4 ouard, ope-anot har. and
away from one another by neans of hydraulically operating cylinders.

di sadvantcagé iW-el s eridoditfenEricgtbhat the a¥ s dovdpasiEidheranot her in

shearing fiashi-on,; and-dheref ore achigh degreenofeq pardy cleformation in the
vicinity of the growi ng single crystal "nust be expected. Furthernore, the
cyl i nder 43RG §esprodfuce’ pardsicltésPGurirag bperati ol HIwey 61 YSthe use of

a shigld,:whiGhr-holds hack-pardd ¢Jes ho-peotgst the single crystal is
i nsufficient because the shield needs to have 30 | eadt hroughs for the arns.

in addition, the |eadthroughs need to have a sufficient width so as to
avoi d obsty ycti-ng-hhe sideways navenenrt, af sthg.af sy Enpbodi ments.19f the
~invention seek to provide a device o -
be embodied in such a way that it is pessible to engage under
the widened portion reversikbly. 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

cdisadvantage with this embodiment 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

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

F



35 for pulling a single crystal haVing a suppo ting device, by neans of

“which it is possible to reversibly relieve the upper 3 neck portion

wi thout therefore having to expect a-igh degree of particle formation in
the vicinity of the growing single crystal. According to an aspect of the
invention, there is provi ded a device for pulling from a nelt a single
crystal in ortion between a pper a | ower. neck portion,
sai d de{}?qg‘é’ é"g‘?ﬁ)WWL‘ %Eﬂ PR Bered aflﬁgh giﬂrP‘? %@e &ormptign & (st al  and
havi ng %cﬁgfli),loqﬂ%%ﬁ@ ﬂglgg}yggi‘a pul l'ing cable; and a supporting device

for relieving the upper neck portion of the weight of the single crystal,
sai d supporting device conprising a supporting ring having an openi ng and

havi ng ri i ng cat ches |ch stened n, the.su ring such that
Choy ar Seisbiise 62 shecthtinarodie. bER SO n ittt S 4ea0r Pkt Semd el
bearing, sies @ﬂy@tal; hevifE b RPUBGICRIEHE DeGRRBn %Qﬁ)‘ﬁ%ﬁ afd b AYRESh&lkedRli¥pt i Ng
noverment froma waiting position, in which they do not extend under the

W denedspédeviencapfprising si ngle crystal, i nt 0 a holding position, in which

t hey exten ni ng and,unde dened ortl 0 n re waiting
f or con%é’cﬁm&g&t‘]ﬁw Fré’g‘ﬁg@ Srsiqgé%cryg%% W% af8‘?‘ && B’%%fﬁ?fﬁﬁ cabl es
and auxpihiliag yaighings which are fastened on the gripping catches on both

sides of the axis of the bearing of the aﬁal ppi ng catches; and auxiliary
rol | er safsapp%ﬁ%giﬁwget%r@@mn@ atuvper ng pa@wnwfaﬁhy weishtes! ﬁ@ssmglpesult of

which t i SIS brou bout .

Embodi nBRt's ’osgdt E%Hg% I one ﬁ%l Eﬁﬂgé paggsﬂil%rt‘fnag[ 8n§e\%lrn P?evg t he
upper neckngarippiag cafchthevhidhngk efagteyslt ab thAbigporiy tihe s@dfh ﬂm MigeyCatches are
al so conS|dered to be p tentlal squrces, of particles in the vicinity of the

si ngl e EFRASHGPRC FERET AR CHb %Eﬂva@fiéhomh%a@aﬁf # BeaTEg. whereHniberuPPRENNer
such th@attcﬁeﬁ% QLdtd %rrglféfmhfe gﬁ{ng?fn%]v %t'f?&neav ) {ﬂ?mtoﬂe 'ﬁrhl%hng

posi tion, e gripping catc are |xe In a mec anlg abl'e ‘manner
such t htiey siecuoe ckioad undem gfeewidesed petticed of Aoe einglengrykal, eumhodl mEdihg of the
i nvention, of, two or i ppi N 4 catches is pivot any nount ed
in a subpd tﬂ%ﬂﬁbwgi %thﬁﬁ(?x?ﬁgb‘étﬂcfﬁ‘a% ﬁngl mg%é‘ﬂdeé& W 3 v ¥earing
cabl e agditan f%kdcaﬁg/&fémhgﬁed%ﬁm h sides of the axis for t he pivoting
nmovenent in such a way that a controlled and reversible pivoting novenent
of the epblpgivng @amh@sgtbam pbdescansisavxiliaeg whitleo fvhidheare dspectlionethauxi | i ary
cabl e mpyvi ng a%l’tl ca ﬁ’olg rz ation é]tg hhe as |at ed bearl ng abl e.

Fur t her ROPRTE SAEReS OR PSHGTIAes 0L hS 253t Oh B BrfEHiE etgg)pgé?aﬂ auxiliary
cable r ai:@lﬁm?/ gollés thechapgdg Q) e®le pith fa;ftﬂ’fbea@cﬁmpw&e@ ak Ghesull &f hRh

fol ded-in holding position permts a controll | oad transfer. In a
preferr@épé%@élm@mneéfoﬁthégﬂm@&?ﬁ@hﬁs 1$bmuglnﬁqbpuhg cat ches are noved by
two bearing cables and two auxiliary cables which are wound onto a total of
two cable drunms which, for their part, run on a conmon drive shaft. As a
resul t, Embbyinene of itheeinveityn hﬁké g pbssile 1O racdriibMerdibee Sy ahF@ QIR

verti cal novenment of all the 'cables and therefore of the entire supporting
devi ce. PTHoB O dhe sk evtiak Alﬁ@ug% the eapping\alrbat ast alsh sontissred & Pecabl es

in rel aﬁét@rﬁhatl QorP& Jfﬂc'i'& nlt?tgif }%as%glé G@sﬁw{ﬁéyj c%ﬁ%e%ﬁﬂs%ﬁ ifh® gui ded

via, in each case, one gul e I’O
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



20 running off the cable druns, and two auxiliary rollers are noved in
controlled fashion into the cable path of the auxiliary cables by neans of
a drive, as a result of which the cable path of the auxiliary rollers is

| engt hened. In a particularly preferred enbodi nent of the invention, the
cable drumfor winding the pulling cable and its drive, the cable druns for
wi ndi ng the bearing cables and the auxiliary cables and their drive, and
the auxiliary rollers and their drive are fastened on a common hori zont al

pl atform whi ch can be 30 set in a rotational novenent about the axis of the
pul | i ng CHTEs T §13PFaRGR N tFEanE PhaUPERFY DR thY VE ot oF 7 Fequi r ed
for the gotatigQniofktherseeshhal-der ard of gt hersupped timgdeviieeyand t he
probl em of synchroni zing the rotational novepents does not arise.. 35 5 to
figures.FE 1 FhéRs laSdaed & adordiig 4o Fﬁg PAvENtTon 995 pr eflerr ed
confi guratdon fory, preduei Bensidliicen ssidgle setyst al sivé th@ rshaenerithe

supporting ring with the gripping catches in the waitin osition. Fig.3
shows® t h%igsmf‘pcﬁlili%nrgi ﬁ@g‘\?\}?%)g ﬁgi%gsgﬁ*ﬁaﬁenﬁsc&t chgs-t nofhtgn%ol di ng

posi ti onye k4 whows:ieliepentanof ridve rpulidmg cdeviycen anel of i drhe dMthe

o 00 Seren, L SRLALe: 10, W e A upog balgler MR AN

suppor tingveemiced nra skateng ewhixhkithegriqppilrgreatches ar el the

vaiting gggétﬁéglegsaith the gripping catches in the folded-in helding

10 position permits & controlled load transfer. In a preferred
embodiment of the invention, two gripping catches are moved by
two bearing cables and two auxiliary cables which are wound
ontc a total of two cable drums which, for their part, run on a
common drive shaft. As a result, only one drive motor 1s

{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 fastenad on a 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

n of the seed hol

required for the rotati
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supporting device and the problem of synchronilzin

rotatiocnal movements doss not arise,

The invention is explained in more detail below with reierence



The device according to Fig.1 conprises a vacuumboiler 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 crystal 5is pulled fromthis
silicon nelt 3 using a pulling 20 cable 6 which is wound onto a cable drum
7 when the latter is set in rotation py means of a lifting notor 9. The
cable drum7 and the lifting notor 9 are situated in a unit which is
referred to as a cable rotary head and can be set in rotation by nmeans of a
rotation notor 10 such that the pulling cable 6 25 and the single crystal 5
al so cortd AGEUSEY- rotate about their own axis. Wien heavy single crystals
with a weight of approx. 300 kg and nore are pulled, the bearing capacity
of a thin silicon neck portion 11 which is required tqo elimnate shock

di sl ocatfi’éhd &PPEF BT AGPOAYRY SUf FITesVEB t17at *& PoRd®30 " Stpport is
requi r eckdran ctihe s weh gty Qfrddieepyst ak cofrofindlis deasens. pul ling of the
thin neck portion il is followed by pulling of a bicone 13 ggl | owed by a
thi cK neci portPER 19° WP Ha<9a T cBEr BSpondi-hdi y-Hi"gife S *bEATT g™ capaci t y
and t henddheasicnghbepssysial. in a nore specific sense, subdivided into an
initial cone, a Qrt'%on wth a constant . ElLarrgt er_.and a‘nheughcgn? I n order
to suppdrt® TthEEFRgHS cFPEHI - dr Fnyt Ko PuttT nigf "5 PifosEss “aRd Yo

mechani cgld yalelinevecthreidhi n neck portion 11, use is nmade of a supporting
device in which two_grippin tches . are piyot abl unted in an annul ar
body, heﬁ[']]eqm‘/{r}?ogl“(?\‘/‘?r %Tg%rla%g%g ?oofcgt%leapgégﬁgft?%‘él% n%ﬂ.c{m Te ”g%pporti ng ring 16
and tthe grdmppigiggcdeches ar e idtaust tat edich det agtipgmirfi garese2 and 3. The
gri ppi ng. catches.are_d ted by 17 in the waiting position and by 18 in the
hol di ng Posi‘ti 6n. “The §§%€1€%r§ directed end of the gripping catches is
enbodi edFiq. Suthvwa wayrehat ¢i wden pbé tbroughtitatodont ¢ with the bi cone
15 of the Walngleatystal. o vhend he grlpp 00, calolies.l8ara-tn the

hol di ng poGSi ti on. e prvoting novenent of the gfippl ng catches I's executed
in a contnotiedand peveesibde nanner with each gripping catch being
fastened to two cables (bearing cable 14, auxiliary cable 15) and with the
cabl e application points being IS situated on the gripping catches on both
si des of Thhedaics ebcphéibear? ngie The PP¥sErAg2 NHYERERt B 9hé gfi ppi ng
catches Lg.triggered by, a; kel atdvgverd ineak iApvesent- of 1 he Lrblesa14, 15.
VWhen the supporting device is in the unloaded state, the auxiliary cables
15 can beiuseer teelsi votnt AeTéh | PhiNd Fatcéhed 20 butivat d- ‘6i°" MidPd by nmeans
of a novepept. el atd }‘ﬁlﬁ,gdt hecheati g::cablesnt4: Thessuppordding-g ng 16 is
provided wth stops for the rippi ng catches, said, stogs preventi.ng a
Contﬂﬁue6a5?90§ﬁﬁ@iﬁbﬁénﬂﬁﬁngfo*to g cable drum 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

15 nd the single crystal 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

b

pulling of a bicone 12 followed by a thick neck portion 1

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



75 the gripping catches 18 when the hol ding position has been reached. Once
the gripping catches 18 have taken up the hol ding position, a synchronous
upward novenent of the cables 14, 15 is initiated until the inwardly
directed end of the gripping catches conbs into contact with the bicone 13
of the single 30 crystal 5. A further slight upward novenent of the cables
14, 15 leads to a supporting force bePng exerted on the bHcone 13 on
account of the elasticity of said cables, and said force relieves the thin
neck portion 11. In this situation, the bearlng cabl es 14 substantially
serve agnKHQSBeanﬁngOc®¢¢%§r%QﬁAMW'éﬁwﬂ gewelghtliol tdves Sifgrerciystal is
partially. trangfaerred Dy.means of; Lheistops N the-suppordi:ng ring 16 and
the 7 beariins of tgripping catches The cable drum 7 for wnding the
pul | i ng cable6aandrivetsthoke dricfe 20 a8 WeTP a3 @?@ﬁw&ﬂﬂﬁ§¢&wﬁﬁ§“21 f or

W ndi ng the bear 't@gagagl espld-and; the cauxhki any-6ables rl@qan@ their stroke
drive 8 are nounted on a conmmobn horlzontal plat?orn119 (Fi The

pl at for niN® 35 554097 A FBRaT | Ve abotts FRESaAxEE BFtthe rﬂnﬁﬂéif abl 8% by the
rotationzdrive J10n-The drtyvess & andied caee bper ef or ecgapablieref driving the
vertical novenent of the wW ulllng cable 6 and the_synchrongus verti cal
moverment PeF L1 HE @&l 8¥ 14, 115t ThE SGpPoFting devi te T Hdépendent Iy of one
anot her . 4 S} 86€:4 kedr eki eheofrihe ddiduneek @@rEmb@diéd|Sa|¢Maﬁndedayo be
initiated in a control|ed manner after the cat c S 18 havefna e, ontact
with the“bftorle “F8 6f PREUISE sitgt €°8iystal * 57 1% 5 possitl €t 6' |nsert
abovegt hei gabd exxdrsas 7, wRdngthdeyrigidiens c24 ¢t 25 ovesrahirchtche cabl es 6,

14, 15 run. and the bearings i are _each connect l.l.s so

t hat eIeg?}gﬁﬁ%I§Fﬁgé9§‘rgP3t?ﬁ&Qt%P%E?O“egadrnéldgg t%g%ééano %h%%of t he

i ndi vi duak @ﬁﬁhﬁ&xﬁﬁ&.avabbabbe at aHQ/nawaaclbmeomderetomeﬁsuﬁEﬁihat al

the cables.§, . 14, each run erpendi cul ar t gl e.Lollers 24, 25 it
is advangaggﬁﬁ%Jfor‘f%e cab grdﬁﬁlgg)bg%houﬁggg g el Jtﬁ've shafts
22, 23 suchithaty tdeseyecan) bendlsptaczmbIaﬂhéﬁaﬁpVWand*lpﬁ Eﬁﬁﬂ{ﬂnﬁ%ﬂﬁ&

adju ed mhenwghe cabl_es .. ungT und 5, hekgqﬁgﬂpqp.of t he
cablgé 1El+f%‘f% ?%Iéf’%nﬁ%g ﬁﬁe“ahg?ﬁggg]#gggd%rdﬁg plvof the gripping

cat ches c¢oul debeimaph Teyedibytdstngevenssachicdde enérseparateclvid vé and one
Separate*%%g g-drum and. .al.g0a guide £oll s f0r each,bearings cabl e 14 and

each ‘ (
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

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, & synchronous upward movement of the cables 14, 10 is
initiated until the inwardly directed end of the gripping
catches comes into contact with the bicone 13 of the single

3 crystal 5. B further slight upward movement cf the cables 14,
"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



30 auxi

liary cable 15. However, it as particularly advantageous to use in
each case one common cable drum 21 for a pair of cables 14, 15 which are

fastened to the same gripping catch. This ensures a conpletely synchronous

vertical novenent of the two cable-, 14, 15 as the associated cable drum 21

rotates
trigger

(Fiq.5)
pi vot ed

auxiliary rollers 27 are renoved fromthe cable path of the auxiliary

cabl es

measur erent chof edetenn niqyg wiheisgppbet Puglioy ceelofe tthensluppor £ A devi ce
13 1.5 al arfigularl y. advantageous to. use, & Lommanydrivesshaft 23
(%ﬁW% A ?9 REL g%iﬁﬁhﬁ%%ﬁ% a %ét t%e1conp§£te{ymsynch?onous
ver t iscal cahiresofl 4akhdt hlee cablidsiata, c2blaadl §r #ppi mf Catchés=can bé eff ect ed
ingle duive B, seconddrivenrshaft22-safves, (stiegethernwi th the
d%%igaélge " ao? d 7, to wind up ?ﬁe pulling cable 6

(Fig. 4
for all

using a
i ndepen

. The 15 rel ative novenent for pivoting the gripping catch is

ed by a snmall auxiliary roller’27 being introduced into the cable
path of the auxiliary cable 15 and thereby | engthening said cable path

8

. In the case of a | oaded supporting systemw th conpletely inwardly

kgirppbagoCatiches: (k@ iny cehtaet.wth the bicone 13, the snmall

15 conpletely and therefore al so do not disrupt the weight
e cabl'e druns nmeans t

rive 9 the cabl e drum

The entipeapiooess bf £fanst eiqhatgorhébPeadt it ot he’piinS AgiéabFe 6 to the

beari ng
control

trigger

cables 14. .of the.suppontinag 1deviree sanviber ef.or @ heecontrolled by
5r|ves_8 and 9 for the drive shafts 22, 23 taking into

account thersiizghtaspgnal 7 2F Fiigia fhe Werghrag BF VT guidé Fol lers 24,

25. Ay thixdh dri vepshatt .26 ey Useradrehat beekycueakonckrsi mal endrive to
the novenent of the small auxiljary rollers 27 into the cable path

of the a@x®}iaryf-cabl 88 8% FURREF SUFPOFinG JBGFRE TSN (e “Ufil oaded

ling the

state (FL9cH)er The rauxichkary: cables tkh anent herebyonoved Lpviard by a

defi ned

gri ppi ngiehtetEs i v6t thgToatRard: 4

cat ches

2;;:ééogggigégigaptaqe%vsi%fig ggggﬁ£8nqus'%%%%%dag8¥g'tﬂ£ Q&ﬁ%pall the
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di stance relative to the,bear&Sﬁﬁggaégfpéén%gg?%g%f3}¥J?ﬁgsgﬁfpérﬁg

bt i bsimpssidoresf 08 hhee supporddmgdeviice tbebel moved 3 ntfo tas

e 1O 1

Ca

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.
In order to ensure that all the cables 6, 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
auxiliary cable 15. Howevsr, 1t is particularly advantagesous to
use in each case one commen cable drum 21 for a palr ol cables
14, 1% which are fastened to the same gripplng catch, This
ensures a completely synchronous vertical movement of the two

cables 14, 15 as the assoclated cable drum Z1 rotates. The

5

elative movement for pivoting the gripping catch is triggered

by a small auxiliary roller 27 being introduced into the cable



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 having
a cable drumfor winding a pulling cable; and a supporting device
for relieving the upper neck portion of the weight of the single crystal,
sai d supporting device conprising & a supporting ring having an
openi ng and having grippi ng catches which are fastened on the supporting
ring such that they are opposite one another and can be pivoted about the
axi s of gzbeasi nghe Whenehnry heagrd p nghcatrehes ycaanexeente; asaieversi bl e
pi voting npvenent fkgnlg\ma%tiﬁgnpqg!tiqnh\in i.ch they dﬁqutwéggend
under t he=%t dened" pSrei-on’ of "t HE sitgt & crystar=Ci it8P 2" hot dihg posi ti on,
i n whi chytbeycextend livntavthe! openiatgednd ignder; thecnedehédipordiitentand are
wai ting for. contactin e w dened porti.on; ...1-.cable,d ) i ndi ng
beari ng Eégpegn%ﬁﬂ“ﬁ) |ﬁ?ar§%taﬁ?%%P e wre F&s %%gdggng%%i?%ﬁ%ﬂﬁg ng
cat ches oncbothe siates ghtthef akis aixiheheardgsof St hemgi¢ppingecat ches;
and .auxiliary rollers for changing the cabl.e path of-the auxiliary
cabl es, a8%A°r@s0I1-0t Whi ¢h ?ﬁ%rbbvgg%%g‘ﬁ%&ghégfggfg%ﬁg g?%bping cat ches
i s broughttaboutin@.tHEheudevicenasictad ned itk cligprriingudthere conprising a
platfornpgbicp\rotates about the axis of the pulling cable and on which are
mount ed the>cabl e drum for wi nding the pulling cable, the cable druns for
wi ndi ng the bearing cables and the auxiliary cables, and the auxiliary
rollegs. ;3. 4 Ihe, devi “i%mg'rékngngtg@@a@_ L or e ai M2t urthes conprising
a conmon cable drunifor w ndi beari ng cables and auxiliary cables which
are fastéﬁéétoﬁ3tﬁ@rséwef@ﬁiﬁﬁgh@ B8LBR. 2 4. THEIEFREE 4826l affred in claim
1 or claimy2, further, conpri si ng-a: oMMPN, drd ve 10f rhe sgabkei dy uns for
wi ndi ng the bearing cables and the auxiliary cables. 5. A process for
pul | i ng &rsi AgLBrerystHIChesi g al8edi E8CRRC cl i ted iSnPEr & AF1Ver©clfaim 2.
10 second 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 bv & deiined dist

&)

nce relative To the bearing

cables 14 and this leads to the grippling catches pivoting

cutward. In this waiting positicon of the gripping catches 17,
it is possible for the supporting device to be moved into a

position of rest by means of a synchronous upward movemsnt of

30 all the cables 14, 15.



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 widened portion between an upper ang a | ower neck portion. The device
conprises a pulling device having a cable drumfor winding a pulling cable
and a supporting device for relieving the upper neck io portion of the

wei ght of the single crystal. The sgipperting device conprises a supporting
ring havi ng an openi ng and havi ng gripping catches which are fastened on

t he supporting ring such that the re Qopposit ' th d . b
pi vot ed about A Hevigki™ »iling THRIR A \ﬁ'ﬁ,t S %‘Wtsﬁé%aﬁf‘%pW&’%reaﬁﬁﬁ'(éggane

ﬁx?agyte abét@t&@{é}i Eper %dyaqﬁnivé}gwe&wwmmésafdmmﬁca comblisiing position into a
ol ding position, in | t hey,. ext end_into , ni r..the
wi dened porti o%?”iw&eé’c%lﬁ’ﬂ%!p?%tpe \ﬁﬁnﬁiaicﬁ@s?%é?'g% F%‘S'ﬁ)igﬁ%’ge?%d@%bgﬂg?ﬁh? ary
cabl es whi ebliisy @sbfeastdened on the gripping catches on both sides of the axis

changi g the. SaBrEoper oS ALl Gher 3RS R e EBENEOEUET ¢ he
pi voti ng sinylenemt!, odid skppoging gpviegycaarrisings i s brought about. Fig.
a supporting ring having an opening and having gripping caiches which are
fastened on the supporting ring such that they are opposite one another and can be
pivoted aboul the axis of a bearing, wherein the gripping catches can execute a
reversible pivoting movement from a waiting position, in which they do not extend under
the widened portion of the single crystal, info a holding position, in which they exiend
into the opening and under the widened portion and are wailing for contacting the
widened portion;
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.



