1 Method for Producing a Single Crystal of Sem conductor Material The
invention relates to a nethod for producing a single crystal of

sem conductor material, in which sem gonductor 5 material granules are
melted on a dish that has a run-off tube consisting of the sem conductor
material, and a nelt of nolten granules is forned, which extends fromthe
run-off tube in the foimof a nelt neck and a nelt waist to a phase
boundary, and heat is delivered to the nmelt by neans of an induction

heating W cejchnili £t @%aaaiﬁeams@ggwr@f@%a\ahb%hséaﬂ%o%ahat@.@%&aﬁes and

the nelt is crystallized at e phase boundary. Such a nethod is described,
for exanple, in US 2003145781 A. It makes it possible to produce a. single
crystal of samnmm@b@rlé@mt ebi@.|méﬂzidohi gbar;bh}cﬁﬁlbaagr@vmr@t@rial Fig. 4
of US 2003145781 A sho V\/r]CCh I,s suitable for carrying out the
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coil and nerges into a w wai s 77 65 on the growi ng 30
single crystal. Wth the aid of the second induction heating coil, heat is
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makes it pogsible to produce z single crystal of semicenductor

15 material with granules as raw material., Fig. 4 of US 2003145781
A gshows a device which is sultable for carrying out the method.
The granules are melted on a dish, in the middle of which thers
15 & passage copening extended tc a run-off tube., A first
induction heating ccil, arranged above the dish, ig used to

20 melt the granules. The molten granules form initially a film,
and in the further cotrse of the method a melt which
crystallizes at a phase boundary and thereby increasses the
volume of the growing single crystal. The crystallizing volume
is compenszted for by a corresponding volume of newly melted

25 granules., The melt extends from the run-off tube to the phase
boundary, at which the single crystal grows, In the region of
the run-coff tube, it hasz the form of & melt neck which passes
through the opening of 2 seccnd induction hesting coil and
merges into a wider melt walst, which lies on the growing

30 gingle crystal. With the aid of the second induction heating
coil, heat is delivered to the melt in order to control the

growth of the single crystal.

Since the run-off tube consists of the semiconductor material,

35 1t may be caused to melt by the second inducticn heating coil



2 if the energy input is correspondingly high. On the other hand, the
run-of f tube may grow downward if the energy provided by the second

i nduction heating coil is not sufficient to keep the nelt liquid in the
region of the run-off tube. The position of the interface between the
run-of f tube and the nelt nmust not however be displaced arbitrarily far
axially, i.e. upward or dowward. If the interface mgrates too far upward
because the run-off tube is nelted, the volune of the nmelt neck increases

and the ;i sk allsSes &Hp%t ﬁecaﬂésganldm oych grheosegandchadugdionkeat i ng
coil or the nelt neck wll becone too thin and break, .If the_interface
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crystal Bht conduc erial, es the follow ng features:
a dish for receiving granul es of sem conductor material, the dish having an

openi ng Rldat SeLENtRT th&‘hizﬁﬁédtioﬁxé@élﬂ%@ hOa P %&eoﬁmétﬁd&eso&l@aﬁ I rst
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According to the first aspect of the invention, there is provided
a method for producing a single crystal of semiconductor material,
compriging the melting of semiconductor material granules by means
of a first induction heating coil on a dish with a run-off tube
consisting of the semiconductor material, the formation of a melt
of molten granules, which extends from the run-off tube in the form
of a melt neck and a melt waist to a phase boundary, the delivery
heat to the melt by means of a second induction heating coil,
which has an opening through which the melt neck passes, and
crystallization of the melt at the phase boundary, which method
comprises the delivery of a cooling gas to the run-off tube and to
the melt neck, in order to control the axial position of an

interface between the run-off tube and the melt neck.

According to the second aspect of the invention, there is provided

a device for producing a



an instrument for the controlled delivery of a gas into a region where a
melt neck of the nelt and the run-off tube touch. 15 Fig. 1 shows a device
which is particularly suitable for carrying out the method. G anules 13
froma funnel are nmelted on a rotatable dish 9, in the mddle of which
there is a passage opening extended to a 20 run-off tube 11. A first

i nduction heating coil, arranged above the dish, is used to nelt the
granul es 13. The first induction heating coil is preferably designed so
that radi o freguency current, which is supplied through coil termnals 5,
essenti al |y fidrows thysoughcd senlcdronperr Insird-iségmenish 2onfhes25 S$egnment s
are electrically. ¢ ively co C 0..0ne_an r~.at their | ower end
t hrough a tﬁ%%l%grggqﬂ%ﬁg*égfIgfggﬁekgg aéggga%a§%5ﬁﬁF%b€%ed current guide
sl ots, whi chedmrceedetirarematedid} owhen dashezader ag peainchedughs t he coil
former. Thi s;gnsuregnihat sabl-Legions of -the surface of the dish are
covered 30 uniformy by the eIecIronagne;ic fheLd. Il n an outer reqion, t he
coi | former & HAS-atTEasCohe? passagel openi®g 6 For Ul 5avat fRGET e

sem conduct ofismat erial granules 13 onto the rotating dish 9. The first

i nduction_ heatjn ﬂgthhkgﬁggrggggqgrgoggu%gpgqﬁMkLQrg;COQLEQ',gx§ten1mhich,
in the coil Tormer 1, conprises 35 -c60ling channel s 7”F%F6ug “whi ¢h a

cool ant f I owssld dprexd@np eredmgdtsgr gr8cklehattientensed coghicngonf the
segments 2 can.also-be qehtakped, the cooling chapnels gcontipue. up to the
segnents and are %onnectekatggeﬁ%er gy aé%?géging tube 8. The bridging tube
extends &t tHETEERt#% of the upper side of the coil fornmer 1 as

an instrument for the controlled delivery of a gas intc a
region where a melt neck of the melt and the run-off tube

touch,

i5 Flg. 1 shows a device which lg particularly suitable for

carrying ouf the methed.

Granules 13 from a funnel are melted on a rotatable dish %, in
the middle of which there is 2 passage opening extended to a

20 run-off tube 11. A first induction heating coil, arranged azbove
the dish, is used to melt the granules 13. The first induction
heating coil is preferably designed so that radiofreqguency
current, which is supplied through coil terminals &,
essentially flows through & ccil former 1 and segments 2. Ths

25  segments are slectrically conductively connected to one another
at their lower end thrcugh a thin kar 3. The coil former 1 has
radially dirscted current guide slots, which forcs current to
flow on a meandering path through the coil former. This ensures
that a2ll regions of the surface of the dish are covered

30 uniformly by the electromagnetic fielid. In an outer rsgion, the
coll former 1 has at least one passage opening 6 for delivering
the semiconductor material granules 13 onto the rotating dish
9, The first induction heating coil is furthsrmore sguippsd

with 2 cooling system which, in the coil former 1, comprises

15 cooling channels 7 Through which a coolant flows, for example



5 far as the segnents 2, and is for exanple soldered or wel ded onto them
The bridging tube 8 is wound one or nore tinmes, so that it has a
sufficiently high inductance. The radi o freguency current therefore flows
essentially through the bar 3, which connects the segnents 2, and not
through the bridging tube 8. 10 OMng to the flow of current, the field
line density is particularly high in thetregion of the bar and the
i nductive heating of the nelt's part which lies directly opposite the bar 3
during production of the single crystal 10, is particularly effective.
Preferably theesanm® elect ircatsepotehtialgi Theparymeoulsakl yaprefser &bl y ground
potent ial, i8.appld ed Lo bhe: elh-andi L ne,har, . The i sh.9.canslist 5.0f the
sanme sem conductor material as the granul’es 5%and is preferably configured
in a manner dFEkECHTRET20 EoAt BiTTePYwhi RH 4% rdesert bed T DEIAD2:04uR78 Al
the content -Qfohi cht icscheLgbye @xpresslyhdNeanpos ated bt nByrhoweves al so
be conflgure,d as a sinple flat_pl a'éej,ym;h a cen%al run-of f tuhe. 25 In the
course of thETNBT hotf, SEABSGrarul 88% of mYF FEPIPwWhi TH 9ra§ I ber Stiudiedi ded i nt o
a conti nuousntt| md?2, Taemekidneck thies ahdia weht wed str 16re Thenamwl ko
crystallizes,at a phase boundary.4 and .thereby_increases_the.volune of the
gr owi ng cry%f%% Jlbl.ch he %Fygjfhll%“ziyn% %%Il%ﬁ‘g“i“§n%b'meﬁsé_Ctéldc"ffrqdﬁggg
corr espondi mgr8ernvolnare fofenewvwr rebtedigrianthesuoiThdiemekt heckil8 ext ends
from the | ower,end: of, 4 he run:off tybe,Jd «as Lo %%tgﬁdgm Wajst 16, and
passes through the opening of a second induction_heating coil 15. The nelt
wai st 161 WhéRTi ' iifder 1PHant theTRBFt heciEicheat SPorPePRétYrowi ng singl e
crystal 10. JMkthctherai ¢:35 of drhersgconchd rduchoefieateng-€oidivkd, heat
'S dellvere%et ing of the melt's part which lies directly opposite the bar
3 during production of the single crystal 10, is particulariy
effective. Preferably the same electrical potential,
15 particularly preferably ground potentizl, is applied to the

melt and the bar.

The dish 9 consists of the same semiconductor material as the

granules 13 and is preferably configured in a manner like the

20 container which is described in DE 102 04 178 A1, the content
of which zs hereby expressly incorporated. It may howsver also
be conflgured as a simple flat plate with & central run-off
tube.

25 In the course of the method, the granules form a melt which may

be subdivided into a continuous film 12, a melt neck 18 and a
melt wailst 16. The melt crystallizes at a phase boundary 4 and
thereby increases the velume of the growing crystal 10. The
crystallizing volums is compensated for by a corresponding

10 volume of newly melted granules. The melt neck 18 extends from
the lower end cf the run-coff tube 11 as far as the melt walst
16, and passes through the opening of a second induction
heating coll 1%, The melt waist 16, which is wider than the

melt neck, kears on the growing singl
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the melt in order to control the growh of the single crystal 10. A shield
19, which preferably consists of an actively cooled netal plate, is
arranged between the induction heating coils in order to shield them

el ectromagnetically fromone 5 another. Furtheiuore, the shield 19 cools
the bottomof the dish 9. In order to carry out the nethod according to the
i nvention, an instrunent is provided whith permts controlled delivery of a
10 cooling gas to the run-off tube 11 and to the nelt neck 18 in the region
of an interface 17 between the run-off tube and the nelt neck. In the
enbodi ment rgpr eséntied,ortthe tnistongment tconprawsésca ey ieg28 thrsaugh whi ch

the cool ing gase Brefer ablv,Argon,.bs Lo, fromibe oide La.the, fun-off tube

11 and to the 1 t neck he nozz O01s preferably in rated into
t he second i%dueri Bi-dedtithg, col RITERIRRYHOWeeEhal Sulusé lagclorrioddat ed in
or on the shiglhd 19..,Hhe iLpstument turthermre -conpriises racgasmra 21 for
optical acquisition of the axial position of the interface 17, and a
control | ef ZBFGRT sUPPIVERGCDD tHE Abzzte W RtRe toa9tnGmgas. “*Fhe caner a,
t he nozzl e andit he control are connected to forma control |oop. The axial
position of the interface is identified by the canera fromthe pronounced
difference in brightness between the run-off tube and the nelt. The

control |l er, jreférably @rPyPocortrohkero@5corbinat iortef iprepordn.onal |

i ntegral a“dn%k&ﬁﬁéﬁ@%k@%rSQDééPM%EEﬁ)pg Mr0l.g EPSl%QJQﬂEi?%Q%&QTathe gas
through the nozzle as a function of the etect ed position of the interface
17. 1f tHe iFREEPECE S FOni-gf af 8 Adpwars beyond &ct brergtéd apper® 1iPm t

posi tion, theceptiohler shnereasest he volwume fhew30-5¢ that semtgenduct or
-materi al soliquLes.aLhthg end of, the run-off tgbe,omﬁn to the enhanced
cool i ng ef f d6t-° &Rd“t He" FifioFF T UHE s “ FRIGTHEREd. “The "B FEEE bf this is to
di spl ace t hecamirestace rbZzdewnwardoubh thieH nter fackidy ogaksgr ates: dowawar d

bel ow a to'%&gﬁﬁp %9“ﬁ£ikggktﬂ$9%hﬁgogb éﬁfzﬁﬁagﬁgh&%% %% g§8r§§%%% the
volume flow se that the run-off tube i'§ nelted a

15 melt neck 1%. The nozzle 20 is prefervably integrated into the
second inducticn heating coil. It may however also be
accommodated in or on the shield 192. The instrument furthermore
comprises a camera 21 for optical acguisition of the axizal
positicn of the interface 17, and a controller Z2 for supplying

36 the nozzle with the cocling gas. The camera, thes nczzle and the
control are connected to foxrm a contrel locp. The axial
position of the interface is identified by the camers from the
pronounced difference in brightness between the run-coff tube
and the melt. The controlier, preferably a FPID controller

25 {combination of proportionali, integral and differential
controllers) controls the volume flow of the gas through the
nozzie as a function of the detected position of the intsrfacs
i7. If the interface 17 migrates upward bevond a tolerated
upper limit position, the controller increasses the volume f£low

30 so that semiconductor material solidifies at the end of the
run~off tube owing to the enhanced cooling effect, and the run-
off tube iz lengthened. The effect of this is to displace the
interface 17 downward. If the interfacs 17 migrates downward
below & tolerated lower limit position, the contreller

35 decreases the veolume flow s¢ that the run-off tube iz melted at



6 its lower end owng to the reduced cooling effect. The effect of this is
to displace the interface upward. The distance fromthe m ddl e of the
second induction heating 5 coil 15 to the upper and lower limt positions
is preferably not nore than 10 mm particularly not nore than 5 mm The
axial position of the interface 17 is thus controlled so that the interface
17 preferably remains within a region wwidh an axial length of |ess than 20
nm particularly preferably 10 nm 10 The control may be assisted by

di spl aci ng the second induction heating coil 15 to the side, so that the
melt neck l1l8tmoldwrgendpasses iHchroughedihedopeni hgy offitche . sEconrd fkaduct i on
heati ng celg;a§£$%qqpkgi8gggﬁgég th.the ratation axis of the dish and the
singl e crystal. Thi's neasure i s advant ageous par?TcUIarIy in the phase in
whi ch the dianeter of the single crystal is widened to a final dianeter.

The closer tihe gecand.i pductionheat bng: ol -copRs tRnthesmeld.chepgth, the
greater is the_integral energy input i.e. the anpunt of energy supplied in

20 total ’to Che hel®® RERKUPRHdIFFohareensfdy PRAPUt:THkds PFEHEERAEN t he
second i nduchioncheatanglcaid, apptoaches « hecnebte neclk; sahthoughawifh
lateral 'displacenment o tpeki juction, heating coil..the distance on one
si de of thegﬁﬁﬁ EP Sher DR dcﬁquaistéh?ssgﬁgtt?%ﬁiﬁ ﬁ8r§5§é§n8n t he

heck decreases,
opposi te si det2bfafe tiiepmeftraidok rshater ali tdisph acenent woth tdre agéednd

i nduction heating Lol from %@%iftég&ii‘dll‘é@hgg%ﬁ]f%%lﬁ fieGk, passes

axi symretricallFy to the opening of the coil, t rd the nmelt neck thus
qual i tati%vel y has the same effect as reducing the volume flow of the

cool i ng gas ttlr esghr-thean0ZzZl & sistad by displacing the second induction

heating codll 15 to the side, so0 that the melt neck 18 no longsr
passes through the opening of the second induction heating coil
axisymmetrically with the rotation azxis of the dish and the

15 single crystal. This measure is advantageous particularly in
the phase in which the diameter of the single crystal is
widened tc a final diameter. The closer the second induction
heating coil comes to the melt lengih, the greater is the
integral snergy input i.e. the amount of energy supplied in

20 total to the melt neck. Additional energy input takes place
when the second induction heating coil approaches the melt
neck; although with lateral ‘displacement of the induction

h
heating coll the distance on one side of the melt neck
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decrezses, bhut at t same time incresases on the opposite side

displacement of the second induction
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25 of the mslt n=ck. Late
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heating coil, from & position in which the melt neck passes
axisymmetrically to the opening of the coil, toward the melt

neck thus qualitatively has the same effect zs reducing the

jsH]

volume flow of the cooling gas through the nozzle.
30
Example:
In order to demonstrate the success of the invention, a
plurality of silicon single crystals with diameters of 70 mm,

105 mm and 150 mm were produced in a device according to Fig.l.



30 Exanple: In order to denonstrate the success of the invention, a
plurality of silicon single crystals with dianmeters of 70 nm 105 mm and
150 mm were produced in a device according to Fig. I. 7 Patent Clains: I.
A nmethod for producing a single crystal of sem conductor material,
conprising s the nelting of sem conductor material granules by neans of a
first induction heating coil on a dish wth a run-off tube consisting of

t he sem conductor material, the formation of a nelt of nolten granul es,
whi ch extends fromthe run-off tube in the formof a nelt neck and a nelt
wai st to W agizasechoundary, the delivery heat to the nelt by neans of a

second i nduction heating coil, which has an opening through which the nelt
neck passes, and crystallization of the nelt at the phase boundary, 15
conprising 1. A method for producing a single crystal of semiconductor

material, comprising

h

the melting of semiconductor material granules by means of a
first induction heating coil on a dish with a run-off tube
consisting of the semiconductor materiail,
the formation of & melt of melten granules, which extends from
the run-~off tube in the form of a melt neck and 2 melt waist o
10 2 phase boundary,
the delivery heat to the melt by means of a second induction
heating coil, which has an opening through which the melt neck
rasses, and
crystallization of the melt at the phase boundary,
15 comprising
the delivery of & cooling gas to the run-off tube and to the
melt neck, in order to control the axial position of an

interface between the run-coff tube and the melt neck.

20 2. The method as claimed in claim 1, wherein the axial position
cf the interface is contrelled so that 1t remains in a region

with an axizal length of less than 20 mm.

3. The method as claimed in claim 1 or claim Z, wherein ths

25  axial position of the interfacs is modified axially by
digplacing the second induction heating coll toward the mellt
neck.

4, A device for producing a single crystal of semiconductor
30 material, comprising

a dish for receiving granules of semiconductsr material, the

dish having an opening at its center, which is extended to a

run~off tube;

a first induction heating coil

35 dish;

rh
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melting the granules on the



the delivery of a cooling gas to the run-off tube and to the nelt neck, in
order to control the axial position of aninterface between the run-off tube
and the nelt neck. 20 2. The nmethod as clainmed in claim1, wherein the
axi al position of the interface is controlled so that it remains in a
region with an axial length of less than 20 mm 3. The method as
claimed in claiml or claim?2, wherein the 25 axial position of the
interface is nodified axially by displacing the second i nduction heating
coil toward the nelt neck. 4. A device for producing a single crystal
of sem conductRi-c3Q MBhLRR:ah, h&ANPL SHRY & dixshsker-1.eceini-ng g5 anul es of
sem conductor material, the dish having an opening at its center, which is
ext ended to FTURCEFFY tAbéhe molteg Frestlehd (s GRCARALING SCOHPE for nelting
t he granul eshen:ithecdbdirghing & as3eeerdopatuc] ifor beathdig ce@i bt or
transferring energy_ to a nelt formed by the nolten granules, the second

i nduction heating ' coil having a passage opening for the nelt at its center;
and 5 an i nsar wmesntuwfort tthe tiontawoltkedldel dadernergf o8 gass nrodcazregi on

where a melt neck pf.fhe gebl ang the run;of f LubeyLough. - 5,.Jhe device

=

as clainmed in claim4, wherein the instrument for Wthe controlled delivery
of a gas conpti%es a canera, a controller and a nozzle.

5. The device as claimed in claim 4, whereln the instrument for
16 the controlled delivery cof a gas comprises a camers, a

controller and a nozzle.



