Ri ng- shaped resistance heater for supplying heat to a growi ng single
crystal The invention relates to a ring-shaped resistance heater for
supplying heat to a growing single crystal. One nethod for producing single
crystals is the Czochral ski method. It is enployed, for exanple, for
produci ng single crystals conposed of silicon. In accordance with this

nmet hod, firstly : tal r d rALCI crystal is
brought int (%glc n%ﬁ:%ev(\% t%s?hsg&?r%%t Hae%, I:‘:if[r%% %ﬁé@?ﬁg%ﬁ?ﬁ%&g suspended
fromthe seed crystal is cagsedirg §iBU9ABycFHEt3ded crystal being pul | ed
upward fromthe surface of the nelt. It is advantageous if heat can be
supplied to the growing -single crystal by nmeans of a.ring-shaped

resi st anceTheat PV ICH | €286 Scall%d & ri My he e he?%?h%?‘%)%?? Thus, US
2004/ 0192015 »descrikesvapnetihad neher ecnzheatwiisgsepphbiledctgsthe . phase
boundary of the growi ng single crystal by nmeans of a ring heater in order

t o honbgeni ze the axial tenperature gradients at the phase boundary al ong

t he radi uscat thetsiayl efer yspabduThegai mioblehe ayveadure i stto Tl uence

the format ic%?cg%aiﬂ%‘krii nsig, poi ntdef ects 4o Lhe effect that t herdefect
properties 0 e grown single crystal are as uniformas_ possible in a
radi al di r 8cbilonin056,SE3%,1507 Greifticdms tHAPHE G ngheat ef ~ & al 0 be used

to reduce flugtuati-ens;iof, the diareier, ofithe singhercrystaroand=she grow h
rate. The inventors of the present in.vention have ascertalned, that the use
of a ring Héater 3 Quphl yi-A§ hedt F6a growrAg sthgl-é “EFyst at* poses
difficultiesntbcratwitie sare diee, zadst riong: ext er palsimagret ccyvételd i s

bui 't up Igu%%%%hég)%ggéu%%%eéégﬁfé9¥%£gltg%'E%&S@ﬁntozgrow by
the seed crystal being pulled upward from the surface

of the melt.

It 1is advantageocus 1if heat can be supplied tc the
growing. ~single crystal by means of a ring-shaped
resistance heater, which 1is also callaed a ring heater
hereinafter. Thus, US 200470192015 describes a methcd
wherein heat is supplied to the phase boundary of the
growing single crystal by means of a ring heater in
order to homogenize the axial temperature gradients at
the phase boundary along the radius of the single
crystal. The aim of the measure 1s to influence the
formation of intrinsic point defects to the effect that
the defect properties of the grown single crystal are

as uniform as possible in a radial direction.

Us6, 132,507 mentions that & ring heater can also be
ugsed Tto reduce fluctuations of the diameter of the

single crystal and the growth rate.

The inventors of the present invention have ascertained
that the use of a ring heater for suppliying heat to a
growing single crystal poses difficulties i1f, at the
same Time, a strong external magnetic field is bullt up

in order to influence the flow in the melt. An



el ectromagneti ci nteracti onbet weent heexternal nagnetic field and the
magnetic field generated by the ring heater occurs in such a case. The
Lorentz force acting on the ring heat%r can alter the position of the ring
heater, damage the ring heater or everr destroy the latter. U57, 335, 864 B2
describes the fact that the inherent magnetic field of a resistance heater

can be reduced by, aheating ¢ail, betng.woundioop bifplar Lashiom such

that the efactric carrent flows 1n opposi ITections through the parti al
turns of thecheatindgicdid .arHbwelver radespi ¢ efihedusersirad o iy heat er

modi fied in;this maythe-ditEi eyl ties, mentioned caanol, he el i minated
satisfactorily because the interaction between the nmagnetic fields remains,
al beit in WEARBACETS 6P TTHEY eX6rEr (HE SHj&ct O thies predent™ i Mivention is
to provideranki Rgz=shapedianesissttarce iheatreratfoor euppla ngeheaty toha grow ng
single crystal which has the advantages of the ring heater described in US
2004/ 0192015 “AFwi t hout havi ng the di sadvantages thereof during use in the
presence of a strong external magnetic field. The object is achieved by
means of akhngsshaped pesislance deatse folcsuRpl ngpealntor angrow ng
single crystal, ¢onprising an upper and a |ower ring, which are

el ectri cal mposenductiigeldy cormected oy Gfedrfs 'ofr £300i° adfdcedt $0 a ring
gap of thel ower riNgscsuchethat e d low di rectilen ofaeleetricueurrent

whi ch is conducted through, the rlngs i.S ogpqsite in the EingS'.
that the electric current flows 1n opposite diréctlions

¢

through the partial turns of the heating coil.

However, despite the use of a ring heater modified in
this  way, the difficulties mentioned cannot Dbe
eliminated satisfactorily becausse the interaction
petween the magnetic fields remains, alibeit in weakened

form.

Therefore, the object of the present invention is to
provide a ring-shaped resistance heater for supplying
heat to a growing single c¢rystal which has the
advantages of the ring heater described in
US 2004/019201% Al without having the disadvantages
therecf during use in the presence of a strong external

magretic f£ield.

The object 1s achieved by means of a ring-shaped
resistance heater for supplying heat to & growing
single crystal, comprising

an upper and a lower ring, which are electrically
conductively connected by means of a lcop adjacent tTo a
ring gap of the lower ring, such that the flow
direction of electric current which 1s conducted
through the rings is opposite in the rings;

connecting elements which hold the upper and lower

rings together at a distance; and



connecting el enents which hold the upper and | ower rings together at

adi stance; and 3 current |eads for conducting electric current through the
upper and lower rings. The ring heater of the present invention conprises
two ring-shaped partial coils arranged one above the other, said parti al
coils al so being designated hereafter as upper and | ower rings and being
connected by neans of a loop to forman integral conponent. The f]| ow
direction GHIgESEt rizaEur Fent THHRVTE OWE EhPEGGRCE e P&t aleorPe reverses
when passi ng <t hi-gugh atbhe 1keep. rIhesr.i ng heater thus has the structure and
properties of a coil wound in bifilar fashion. Preferably, the upper and

| ower rings and the current |eads substantially consist of carbon, for
exanpl e carhen Afirberhaeiaf or€edhearhem CFO G igraphiterr Gaphtve is
particularly pr: red, in.particul.ar ite.t avi,ng,the. | onest
possi bl e réfjg&?%%Fes FﬁéQﬁ%ghég%Hﬁgggﬁﬁ%{ T ééﬁ%a%gg?gengghogﬁﬁrfhe

hi ghest possiisl eca el cednductisd tHsinn OrGér eRae tHe &t of 28he cross
section of fhe ings 1caR De-asysmald 198 ppsshbl&srdhesy esésté votyashoul d
preferably be not npre than 11 2nh The f1exuraLﬁstrgP th should preferably
be not Ies§ﬁﬁﬁaWQﬂﬁ$ﬁ%qa%n&nFﬁ%r eFEIP C86Rduct 1RA ty g%oﬁFHeﬁFé?grably be
not |ess than i20-WaK. dJherbhgh ther mailwcondudtriovidy pheventstaaformation

of overheated .| ocations ("hot spots!) that el erate the wear the ring
heat er . Coﬁ%&ﬁ%rﬁf%ﬁ%ﬁﬁénéb%%l afﬁé%%pﬁgfogﬁgI€§&Hl??£gs¥$695?%%r and at
a specifi c tdissteancéfy omonehanethertuTheyprtherane Komsensat @ £oi 1

el ect romagnet j ng%ggfggéﬂ}%?giéygthe rings, and prevent, in particular
the rings frombeéing displaced relative to one another under the influence
of a magnetic field acting on the nelt. The distance between the rings is

preferably matsd-ess f hash2 omppand R0t 1€ t hangi5Q At destange smal | er

than 2 mmif%éggz %&%E%Qg%%af?g n%o%%igge %%Skca%bon, for example
carbon fiber reinforced carbon (CFC) or graphite,
Graphite is particularly preferred, in particular a
graphite type having the lowest possible resistivity,
the highest possible flexural strength and the highest
pogsible thermal conductivity. In order that the area
of the cross section of the rings can be as small as
possibkble, the resistivity should preferably be not more
than 11 pQm. The flexural strength should preferably be
not less than 50 MPa, and the thermal conductivity
should preferably be not less than 120 W/mK. The high
thermal conductivity prevents a formation of overheated
locations (“hot spots”) that accelerate the wear of the

ring heater.

Connecting elements hold the upper and lower rings
together and at a specific distance from one another.
They thereby compensate for electromagnetic forces
which act on the rings, and prevent, in particular, the
rings from being displaced relative to one another
under the influence of a magnetic field acting on the
melt. The distance between the rings 1s preferably not
less than 2 mm and not more than 150 mm. A distance

smaller than 2 mm is not preferred, owing to the risk



of electrical flashovers occurring, and a distance greater than 150 mMmis

| i kewi se not preferred either, because then the advantages of the bifilar
structure of the ring heater are no | onger adequately manifested. The
connecting el enents can be enbodi ed i n4such a way that, at the connecting

| ocations, phe upperfing is ebeglflecal 'c:&‘:cb@%‘_‘ihgt,?daﬁﬁon&thﬁd%e“ ng.
Equal Iy, the connecting el enents can be enbodied in such a way .that they
conduct awa§rpakerofleRe IERCERi dScurfEiiliss oW hgPERESEGR e ™iS9gs. Sai d
part shoul dpkRagaehreagsethe matam@agekhal 5%eo0fhittia shoteadreleoty icfal power.

A configuratjon of thjs type can be achieved, .for_exanple, . he. upper and
| ower rings-B8i g $er %B‘X?o e h™Bt het iy eé‘fiﬁguﬁgekar{%arblfbé/eaétseﬁ'ew

conposed of Thar heankichengr ed Infonced canbba (E@ECAicthelimpperhr engrand t he
| ower ring cary,ied by rr . | ea i to e and | ower rings,
gEgF .at gh daﬁ?eggﬁjﬁf Péci&% 38, QH% 1#@%%% tl 8

respectivel t i's preferre connect the current | 0 One anot her
in an el ect eleabkycahsyl adtnsth yadrarer fapn tonsedwen heinEn W Wayr agai nst

a force whi gh.CoIPLESSesqt NenIngl &snt BeMaapaidi andi MhGAni & byought
about by a strong external magnetic field. The stronger external magnetic
fieldis, foRabxdfie, CANABFEzAIHAY MEGTetPE SR8 dSoFCEYLhsFHagittic fiel d
that is inpresgedgontHitadrel thel trisgpr eartedod ot endiedyl d henupperh and

| ower rings in a w dened fashion in t r.egi.o f the fixing |lo i ons of
the current SFE5dEE ?ﬁFstFFeﬁbj’taﬁ]er‘?’s° He | echi‘:f;?ni‘—’glalezls Qabi (fafr%/ %?Vg?a%'e rings
in this regihoncanfligedacesnt het curlrtient tgeesi tpn sheh adlatevedal owerheating

is avoided. _Th Lng..he r.i e o] |y t ingle
crystal, prgf%ﬁg%ﬁ’/ Fgr %'E%eee dﬁ%ﬁ%%s%n%f ligﬁgfu%rllg%%g bie(%él%r %ﬁ% 2%5“ e of
the axial tempbratiirexr geadeehtyatby heephas©boandFsewf COREC§EeW Ny si ngl e

crystal and.fofoheguhati pgihhgrdamehenonl (Eheygrowing 5 single crystal.
The single crystal is preferably a single crystal conposed of silicon

having a di aneter of not less than 300 mm particularly preferably having a
di amet er of 7880 gpper 4bhhgmaride dnwenttwes i iexpl arsedcanr gedatiey det ail

below wth reference.to.figures. The figures_show particularly. ferred
confi gur at i GHTFERFur £§20F tjﬁ:'ex?‘i:1 ng hedt &t . uppgﬁreaﬁésh%%efheﬁlﬁﬁ’ heat er

wi t hout conmeepkengiekégent®t ang widhetrelr tontcdmwaelst | the penspetti ve
i||UStratiOEEads to one another i1in an electrically insulated
manner and to secure them in this way against a force
which compresses them or pulls them apart and which is
brought about by a strong external magnetic field. The
stronger external magnetic field dis, Zfor example, a
horizontal magnetic field or a cusp magnetic field that

is impressed on the melt.

It is preferred to embody the upper and lower rings in
a widened fashion in the region of the fixing locations
of the current leads. This strengthens the mechanical
stability of the rings in this region and reduces the
current density, guch that local overheating is

avoided.

The ring heater is used to supply heat to a growing
single crystal, preferably for the purpose of
influencing the radial profile of the axial temperature
gradient at the phase boundary of the growing single

crystal and for regulating the diameter of the growing



Figure 2 shows the ring heater in accordance with figure 1 with the

connecting elenents and the current leads in a perspective illustration.
Figure 3 is a sectional illustration through the ring heater in the region
of the current leads. Figure 4 is a se&ional illustration through the

current | eads .t he-fAG10N 9ot 8 L ARG GANNeE] 0 Faeaigg heater i1

accordance wt gure 1 conprises an uppér ring 1 an | ower 'ring 2,
wher ei n bot FiFPR§s CXVELRAt EPHRPEEE B Sing SGapSaifiT R ef?‘@“&?q'%g%% in an
of fset mannebe Thed inggap @ @b, t Barkewenaki fg pre redjsaoenthadw iy 00p 4,

whi ch connects the ugger ring 1 tg he lower ring 2. The ring gap 5 of the
upper ring F2Pr&FEr 31 yOUi & 8hotgR M order that there is space for
fixing the current |ead of the lower ring. Preferably, there is space for a

base 6, whi i ncr t he thi f ot | (g i regi on of
t he base, SE@% £ gf%%t%ﬁénf il%i r%{plg‘lc%cqg)t%lsﬁo(r?LsI1 %%%\%u%%ﬂe%?l I}'r)(;eaj‘F S a‘?’]g&{si t uat ed
at the sanerkedesiencen hg toladrenf f SBte afigngerenshoV thrreidglagabs, an end

7 of the upper sLingsand a058nd:8.0f slheukawersr g Qyal aRakBrthe region
bet ween the "base 6 and the“ring 6
Figure 1 shows the ring heater without connecting
elements and without current leads in a perspective

illustration.

Figure 2 shows the ring heater in accordance with
figure 1 with the connecting elements and the current

leads in a perspective illustration.

Figure 3 is a sectional illustration through the ring

heater in the region of the current leads.

Figure 4 1s a sectional i1llustration through the

current leads in the region of the clamping connection.

The ring heater in accordance with figure 1 comprises
an upper ring 1 and a lower ring 2, wherein both rings
are interrupted by ring gaps, which are arranged in an
offset manner. The ring gap 3 of the lower ring is
adjacent to a loop 4, which connects the upper ring 1
to the lower ring 2. The ring gap 5 of the upper ring
is preferably wide enough in order that there is space
for fixing the current lead of the lower ring.
Preferably, there 1is space for a Dbase 6, which
increases the thickness of the lower ring in the region
of the base, such that the £fixing locations of the

current leads are situated at the same level.

Owing to the offset arrangement of the ring gaps, an
end 7 of the upper ring and an end 8 of the lower ring

overlap in the region between the base 6 and the ring



gap 3 of the lower ring. The edges of the upper ring and of the |ower ring,
in particular the edges at the outer circunference and at the inner
circunference of the rings, are rounded. Roundi ng the edges reduces the

ri sk of electrical fl ashovers occurring On the end sides of the rings,

holes 9 areg :hew ednavesthe ‘%ilr@“”f”t‘?{ee’&fgeé%fd i egpdsad

congruously | t hi ckness directién through the upper. and | ower rings.
The hol es a@édpﬂﬁeﬂhﬂﬂ¥0Hﬁ%tFFEEte&qxﬁﬂ?%ﬂq%;%mdt%? FHSREI @& diSt ances

on the end si:des lawtﬁereﬂe@lcevoa@daaymmtél @ﬁneﬂ‘_h@:)ir@m&flél‘r%h@éabiﬁ/
situated, in gartrcular also a é(% t|o s_at ﬂh the rB? s are subjected
to particul BPPy THPEGF  mécitant QH9S Dadiigs V%%r@ fhé gﬁ& 7% %% ring
and t he endrB8saf ofhelkowedcainglarbolraps hokesr9ngyi ng radlally alongside
one anot her are present instead of centrally arranged hol es. Holes for
fixing the rings to current |eads are situated on the end side of the base
6 and on thénemdesiedal ofides i heheendnye, ohotlke Wppare rddgtnibyted s

preferred tg widemd he; fingsidhddie £89l0RE st haiddepdscand-idudhe region
of the base 6 In order to increase the mechanjcal stability and reduce the

current dendititds tHErENEHRE LY ERaFRTPRER the HEPES §54M9?Yﬁrthe nost

part for aceengpdatinyg EeDaectiRy glerenisl s diwtirabuteldd ddectppey ring
and the lower .ring, to he r%6 %e at aéFﬁzﬁ{flc |st nce, and uch that t hey
m

are el ectri 3f1 ¢4 Aserhe&d GRE<En ot ﬁgsﬁ%% $hat® t he
connecti ng ehemﬂntsspmmatalhsgh'ﬁnﬂﬁd&nﬁe pmnéebetﬁeenstheatedgs irThe hol e

on the end g geleglgte gatfs ?I I e, el ét”%ﬁ%t{'ﬁeh% |9%ent end

side of theFBase Serv e upper rin to a cu ead 11
of the uppesukimgtadd fer mertﬁgltwlmmériqh ngnex étmeffachr repdinad 12 of

the lover rijpgreThecDase 6 idereasesphbbe thheknass ok the Iovwer ¢hdg 2
preferably 7 in such a way_that the rings, afe fixed to the Curr$$% | eads
S

at Iocatlon%OH?rtﬁeﬂgénﬁvﬁéééPf IMP e @as%yﬁﬁgtﬁ@dﬁ@ﬁ&yhe%}%ﬁg? trated
in figure 2ponkhesrdinent ateagrbhenft tNestPner ofi RErantitife &tﬂ:"&t@@éd| ead 12

of the | owe i ng connect d 1o opg another nmeans ,of a L ng

connecti on %@& a%kﬁg St CHhéEPSEEQ.gﬁ tﬁ%gérgE%ﬁﬁﬁﬂﬁ%ﬁhé% |on ~ secur es

t he current sieadsedgairmnsthanced estdemagnettiec hasees ohnd str die ext@r nal

magneti ¢ fig%ge %erg_%%%%gegoggﬁeggr %ﬁbd Eggeg%Péegds In addition or
e

i nstead of anpi ng connection 1 0SSl to provide one or a
plurality of connections of the current Ieads whi ch secure the current

l eads agai ngt ajs ebeelkeommanald cyhigeae e arﬁhgengtﬂexwé nelegrmne@f c field,
said force forcing apart sajd |leads. |n ac with figur

connect i ng &EPERENEHCES FHEFER abR§ EBFPPTsET ﬁ &a 5535%'%Pr? %F%h%%ed
spacer 13, Rhelkhewseyl idier snddhani S&L ew.rsi;ébamdtg searew ntdddde Theedi anet er
of the hollow cylinders .14 is preferably wi dened at one end by a collar 17.
The ring-sh& 55% al&ret3 s g ranged between the rings. The hol | ow
cylinders are inserted through the holes and line the latter. The screw 15,

whi ch exten%&QEh %QQéugéfgﬂ%§§@(@ﬂérﬂ%ié%]é%fmg the SPACELsl3pat-6 SCreved
at its end to~"the screw nut The screw nut 1s preferably closed by a
blind hol e. for accommodating connecting elements 18, which hol

the upper ring and the lower ring, to be precise at a
specific distance and such that they are electrically
insulated from one another, or in guch a way that the
connecting elements form a high-impedance line between
the rings. The hole on the end side at the end 10 of
the upper ring and the hole on the end side of the base
6 serve for fixing the upper ring 1 to a current lead
11 of the upper ring and for fixing the lower ring 2 to
a current lead 12 o¢of the Ilower ring. The base 6

increases the thickness of the lower ring 2 preferably



During assenbly, firstly the ring-shaped spacer 13 is pushed between the
upper ring 1 and the lower ring 2 and then a hollow cylinder 14 is inserted
through the hole in the upper ring into the spacer. A further holl ow
cylinder 14 is then inserted through tRe lower ring 2 into the spacer and

the arrangeggnt gj;spScrewed.,t ogether vwet Rithe Sciew 15i28d the saigw nut 16.
In order to save structurapf hei ght, the col'lars 17_of the hollow cylinders
14 are counfBE58Rk +ABEStRE LABFEIERS BEOFDENBAWPPeFVEing 1 and into the

opposite side of the end side of the lower ring 2. The hollow cylinders 14
and the ring-shaped spacer 13 cansist _of a, rature-.resistant .and

el ectrical | y&i HEEI 56hg O%att i §Ilflgp?1§f"3re§bll;ﬁg?€%ﬁ&t§ﬁieﬁﬂ rﬁl(?egrel'hzg’ screw 15
and the screhenutirientonissst bf aft eéimperainse- resy shadt tmet eruatertthat i s
resistant t nsi,| r.and_ t i 0 [ pref I rbon
fiber reinf g?%gdigar foﬁ%ﬁé?ﬁ’&r_h%l% ng%hggg eggggert%lgrg{s%%ﬁhéﬁ

conpr essi vebyomseg:st haf eorfpradds nchec Pt Lpided ot (R aBti afast £ rong
external magpebi¢ohi el dneand the ey ewdonabsoshs tensideqfrarcescihat pul
the rings apart under the action of” a strong external m%\g(f)netl c field. The
current | eafUIieBE tHAUHPEIFIFG 13 orfthRA S BTGt itCEISF hPhh Turrent
density i nt gtt-BAgURRESe HaNg makhedixi fgeI@ANsatiar foxieng-dilierampitgring 1
to the current .l ead 11 Eh\%l ddther fortaﬁgbgitenp%rature-rgai siant aend have a
conpar at i veP§ Pow FEEFRE viITIS 1t ' F&fSFe SFef &PPEE°T0 TTx The upper
ring to thectampény |eathekliugi N a $trew 2@ conposetooprgrdgki tene

Furt her mor e, 1 Ly pAdianiageays, cbinteialo #0l arge the captatlaalea, Lo
formthe screyvazo as a countersunk screw. The current [ead 12 of the | ower
ring 2 carriwdsch | arqpeyet ofbehe weirgitof the2d$ng REALESL Theé%i xing

means for fie.’tia@@rbfﬂﬁgh@‘ﬂ@& rEffc? tér the ecurbent Leadrd2 sheadsktherefore
be tenperature-resistant and have a coggar ativel h nmechani cal

: , hi
stability. Edeld tReief 5PEHr EPEFLBE RBAFFxSEhe %{89@ ‘ring to the current
| ead 12 using a screw 21 conposed of carbon fiber reinforced carbon (CFC).

In accordance with figure 3, the connecting elements 18
preferably comprise in each «case a ring-shaped
spacer 13, hollow cylinders 14, a screw 15 and a screw
nut 16. The diameter of the hollow cylinders 14 1is
preferably widened at one end by a collar 17. The ring-
shaped gpacer 13 1s arranged between the rings. The
hollow cylinders are inserted through the holes and
line the latter. The screw 15, which extends through
the hollow cylinders 14 and the spacer 13, 1is screwed
at its end to the screw nut 16. The screw nut is

preferably closed by a blind hole.

During assembly, firstly the ring-shaped spacer 13 1is
pushed between the upper ring 1 and the lower ring 2
and then a heollow cylinder 14 is inserted through the
hele in the wupper ring intoc the spacer. A further
hollow c¢ylinder 14 is then insexted through the lower
ring 2 into the spacer and the arrangement is screwed
together with the screw 15 and the screw nut 16. In
order to save structural height, the collars 17 of the

hollow cylinders 14 are countersunk into the end side



9 In accordance with figure 4, the clanping connection 19 conprises a pin
22, which is arranged transversally with respect to the |ongitudinal
direction of the current lead 11 of the upper ring and the current |ead 12
of the lower ring and over which electfically insulating nounts 23 are

sli pped. Thgs mouid s 23 € filraced WahA washersh24 dogpdraltes sndaghecurrent
| eads and are held in_position ﬂé a screw 25. The pin 22 and the washers 24
preferably EBRsPRE Btlearbon'fi be¥eT ef hfdreed carbon (CFC), and the nounts

23 preferably consist of boron nitride. Exanple: The nechanical stability

of aring hegate risin he features .of t i ti i.n.fjigures 1
to 4 was te§$%d£8;gg &ﬁ%ﬁh#%ﬁ% g%cﬁﬂgst%%%ung%”%ﬁééégtﬁggéggsgﬁ:ggd in
US 2004/ 019204514t . & t ha compavetd e per foririe; @aldwerlatistaplibility of
the ring he%gﬁﬁ@if@gg@%@é@ig@y'}%éef\@m?yn@flEofgﬁpait§9@ewth the ring

heater described in docunen Furthernore, the ring heater described
in said docunent was able to be replaced by the ring heater according to

the inventigRW thosy; this pegesshd atidgewt et Urpd addesadd ons om the
apparatus for producing single crystals 10_Patent C ains

ring-shapedt?@E?E?%HE%'ﬁ%ﬁ%gFa?Br WHhpFyihg Heak t%?exiﬁ%ﬁﬁ?é?%fﬁ§1e

crystal, coaphisi®g shear and torsional loading, preferably of

carbon fiber reinforced carbon (CFC) .

The ring-shaped spacer 13 absorbs compressive forces
that compresg the rings under the action of a strong
external magnetic field, and the screw 15 absorbs
tensile forces that pull the rings apart under the

action of a strong external magnetic £ield.

The current lead 11 of the upper ring 1 conducts a
comparatively high current density into the upper ring.
The fixing means for fixing the upper zring 1 to the
current lead 11 should therefore be temperature-
resistant and have a comparatively low resistivity. It
is therefore preferred to fix the upper ring to the
current lead 11 using a screw 20 composed of graphite.
Furthermore, it 1s advantageous, 1in order to enlarge
the contact area, to form the screw 20 as a countersunk

SCIrew.

The current lead 12 of the lower ring 2 carries a large
part of the weight of the ring heater. The fixing means
for fixing the lower ring 2 to the current lead 12
should therefore be temperature-resistant and have a
comparatively high mechanical stability. It is
therefore preferred to fix the lower ring to the
current lead 12 using a screw 21 composed of carbon

fiber reinforced carbon {(CFC).



an upper and a lower ring, which are electrically conductively connected by
means of a | oop adjacent to a ring gap of the lower ring, such that the
flow direction of electric current which is conducted through the rings is
opposite in the rings; connecting el em@nts which hold the upper and | ower

rings togethgr @éc@r@aﬂ@n%t@n%@%@eqt |t§§@5cﬁaﬁlp§ﬁ§dl&5drf&&&9”' c
current through the upper and [ owef rin . The resistance heater as

clai med i n &P aFRMPriGRsr & Pithe? tippEhia dlﬁoﬂ€F%QQ%%‘&Wﬁﬁﬂﬁ?%ﬁﬁ%@nt | eads
substanti al %Ytﬁon@é%e@i cab bothe 3lorddecudshsl angerdeai®@i ast cltaiered in

claim11 or claim?2, r of t er _and Quer rin gs .are rounded.
4. The reS|§?5ﬁ%%thé§?§ %&s gfqﬁﬁédﬁﬁﬁEwﬁ %? 8P§ 1 o8 vﬁ%ﬁ%ln t he
connecti ng ebeneft stieachlowaprisen@ ramdg- shaﬁedx@paﬁer elhattowachlly nders, a
screw and a. Scr wﬁﬁ[ n,the n d s er I'rang et ween

t he rings, ﬁg ﬁm%?Hglcy tgérsgl|%%éhglggﬁgﬁrodﬁﬁgtﬁghéﬁ% sggnégﬁp

t hi ckness dpteceflomitindiasiceser 8w iis1 sbpbard iar ¢$% éﬁ@rﬁétt&?%ﬁﬁem/nut

and extends ﬁéfgyl%ﬂa hel 1.y Gl ddgF s, apdriheaspaege. pid 2Bhewdesi stance
heater as clainmed in claim wherein coll ars, of the hoIP ow cyl inders are

count er sunktPfR sYaenaFeas?bf E?@ﬁ%&ﬁ%ﬁyeuﬁPW%ﬁﬁﬁ rPhg<Larien THe- RS st ance

heater as claifpedriasarpr®orcl aime) 1 kad5.chshen@int & heuppert and lower

rings are hgggsEggegpegogxncgggggéépg el enents at a | ocation

Example:

The mechanical stability o©f a ring heater comprising
the features of the illustrations in figures 1 to 4 was
tested under conditions such as occur in the method
described in US 2004/0192015 Al. With comparable
performance, a lower susceptibility of the ring heater
to wear and faults wasg found in comparison with the
ring heater described in said document. Furthermore,
the ring heater described in said document was able to
be replaced by the ring heater according to the
invention without this necessitating structural
alterations on the apparatus for producing single

crystals.



11 which lies alongside the | oop and al ongside the current | ead of the
lower ring. 7. The resistance heater as clained in any of clains 1 to 6,
wherein the upper ring is fixed to the current |ead of the upper ring by
means of a screw conposed of graphite.108. The resistance heater as clai ned
in any of ckakBBelcigids Wherein the lower ring is fixed to the current

| ead of the |ower ring by nmeans of a screw conposed of CFC. 9. The

resi stance heater as clainmed in any of clains 1 to 8, characterized by a

cl anpi ng connect ropihbabaepudesthactnnent headsagdiarstarpEleioty dmsgneti c
force Conprggsgngrggﬁg% single crystal, comprising
an upper and a lower ring, which are electrically
conductively connected by means of a loop adjacent to a
ring gap of the lower ring, such that the flow
direction of electric current which 1s conducted
through the rings is opposite in the rings;
connecting elements which hold the upper and Ilower
rings together at a distance; and
current leads for conducting electric current through

the upper and lower rings.

2. The resistance heater as claimed in c¢laim 1,
wherein the upper and lower rings and the current leads

substantially consist of carbon.

3. The regsistance heater ag c¢laimed in claim 1 or
claim 2, wherein edges of the upper and lower rings are

rounded.

4. The resistance heater as c¢laimed in any of
claims 1 to 3, wherein the connecting elements each
comprise a ring-shaped spacer, hollow c¢ylinders, a
screw and a screw nut, wherein the ring-shaped spacer
is arranged between the rings, the hollow cylinders
line holes through the rings in the thickness
direction, and the screw ig sgscrewed at its end to the
screw nut and extends through the hollow cylinders and
the spacer.

5. The resistance heater as c¢laimed in c¢laim 4,
wherein collars of the hollow cylinders are countersunk

in gide areas of the upper and lower rings.

6. The resistance heater as claimed 1in any of
claimg 1 to 5, wherein the upper and lower rings are

held together by counnecting elements at a location



10. The resistance heater as clained in claim9, wherein the clanping
connection conprises a pin, which is arranged transversally wth respect to
the |l ongitudinal direction of the current |eads and over which electrically
insulating nounts are slipped, and a sttew, which holds the mounts and t he
pin in position.

which lies alcongside the loop and alongside the current

iead of the lower ring.

7. The regigtance heater as c¢laimed in any of
¢laims 1 to 6, wherein the upper ring is fixed to the
current lead of the upper ring by means of a screw

compesed of graphite.

8. The resistance heater as c¢laimed in any of
claims 1 to 7, wherein the lower ring is fixed to the
current lead of the lower ring by means of a screw

composed of CFC.

9. The resistance heater as claimed in any of
claims 1 to 8, characterized by a clamping connection
that gecures the current leads against an

electromagnetic force compressing them.

10. The resistance heater as claimed in c¢laim 9,
wherein the c¢lamping connection comprises a pin, which
is arranged transversally with respect to  the
longitudinal direction of the current leads and over
which electrically insulating mounts are slipped, and a

screw, which holds the mounts and the pin in position.



