‘\_/)

WD 2009/ 100694 Al DEVI CE AND METHOD FOR PRODUCI NG
CRYSTALLI NE BODI ES BY DI RECTI ONAL SCLI DI FI CATI ON
Techni cal Area of Application The invention relates to
a device for producing crystalline bodies by
WiZ08&/i180&1%4sALi di fi cati on, which enconpasses a
melting furnace with a heating chanber, in which are
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supporting surfREREGEIGNAL ROLIMETEIATEHN ng t he
supporting surface. The invention also relates to a
met hod for producing crystalline bodies by
Teghndewiloddleas oif] @ppilégatann using the device. Known
for the massive crystal cultivation of silicon
crystals in addition to cultivating nonocrystalline .
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procedure are several established methods for producing
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multicrystalline silicon, which all take place based on the
principle of directional solidification. During the
production of crystalline bodies by directional
solidification, the raw material is initially melted and
then solidified 1in a crucible via controlled heat
dissipation from the bottom up. This production process
yields multicrystalline material, for example for the
production of silicon-based solar cells. In addition, the
method also wutilizes the segregation effect to purify
metallurgic silicon.

Prior Art

However, the production of multicrystalline silicon blocks
by directional solidification can lead to elevated carbon
and oxygen concentrations in the multicrystalline material.
The latter result from uncontrolled contamination by
substances from' furnace fixtures, the crucible and the
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- 2 silicon raw material. For exanple, handllng t he
parent material during storage and installation in
the crystallization system can cause uncontroll ed
contam nation through the adhesion of carbon and
oxygen- cont ai ni ng phases t6 the raw material surface
even before the crystallization process. In addition,
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concentratlon in silicon has to do with realize a
Ifsuflagabel-leevated contamination of carbon and oxygen takes
place in the silicon material, oxygen and carbon-containing
occlusions or deposits form in the melt or solid
multicrystalline bodies once the sclubility limit has been
exceeded. These influence whether multicrystalline silicon
can be used in the production of solar cells, since carbon
and oxygen in the multicrystalline silicon can have a
positive or negative impact on the subsequent solar cell
properties. Therefore, it is necessary that the carbon and
oxygen content be monitored as effectively as possible

during directional solidification.

Cne known way of influencing the carbon and oxygen
concentration in silicon has to do with realize a suitable
stream of gas over the melt surface, which transports away
the carbon and oxygen-containing substances. For example,

we know from Czochralski monocrystal cultivation of silicon



stream of gas over the melt surface, which transports
away the carbon and oxygen-contai ni ng substances. For
exanpl e, we know from Czochral ski nonocryst al
cultivation of silicon 3 _tEaL nonocrystalline silicon
material with a defined carbon content can be
generated via gas purging. In addition, defined gas
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prevents carbon and oxygen from other conponents of
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abPRid .t 0 Grealcea di stance, reflux effects may
arise, as a result of which carbon or oxygen is again

transported to the surface of the nelt, and can get
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efficiently discharging the contamination, and prevents
carbon and oxygen from other components of the melting
furnace from being transported toward the melt. At too
great a distance, reflux effects may arise, as a result of
which carbon or oxygen is again transported to the surface
of the melt, and can get into the melt. Further, the large
gas volume over the melt surface keeps the achievable gas
velocities low, and hence makes for an ineffective

discharging of contaminants.

Description of the Invention

The object of the present invention is to indicate a device
and method for producing crystalline bodies by directional
solidification, in which carbon and oxygen-containing
contaminants can be discharged from the melt surface more

effectively and controllably.



solidification, in which carbon and oxygen-cont ai ni ng
contam nants can be discharged fromthe nelt surface
nore effectively and controllably. 4 The object is
achieved with the device according to clains | and 2,
as well as with the nethod according to claim10.
Advant ageous enbodi nents of the device and nethod are
the subject of the dependent clains, or nay be
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cﬁﬁﬁiéﬁegyfédaﬁgz the fact that the gas purging device
and/or supporting surface are situated or mounted so that
they can be adjusted in an axial direction, thereby
enabling the adjustment or modification of a perpendicular

distance between the support and plunger-shaped body.

The adjustability of the distance between the plunger-
shaped body of the gas purging device and the supporting
surface, and hence the crucible or melt surface of a
material melted in the crucible on the one hand and the
geometry of the plunger adjusted to the crucible on the
other makes it possible to position the gas outlet over and
relatively close to the melt surface, and concentrate the
gas flow on the gap between the plunger-shaped body and the
melt surface as well as the lateral wall of the crucible.
This yields high gas velocities over the melt, and hence a
highly effective discharging process. High gas velocities
also automatically generate high shearing fortes on the



relatively close to the nelt surface, and concentrate
the gas flow on the gap between the pl unger-shaped
body and the nelt surface as well as the lateral wall
of the crucible. This yields high gas velocities over
the melt, and hence a highPy-effective discharging
process Hi gh gas velocities also autonatically
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of the plunger-shaped body and the melting surface during
the crystallization process, should this be necessary for
the desired production result, in particular for the

desired carbon and oxygen content of the crystalline body.

The proposed device along with the proposed method make it
possible to set and maintain a critical distance for the
gas outlet relative to the melt surface during a complete
crystallization process, and hence tc produce crystalline
bodies, in particular multicrystalline silicon blocks, with
defined carbon and oxygen contents. The structural design
also allows having the natural melt bath convection be
driven by the gas purging process, thereby enabling a more
homogeneous distribution of doping and foreign substances,
which further improves the material quality of the
cultivated crystalline body. For example, the device makes



possible to set and maintain a critical distance for
the gas outlet relative to the nelt surface during a
conplete crystallization process, and hence to
produce crystalline bodies, in particular

mul ticrystalline silicon bl%c with defined carbon
and oxygen contents. The structural design also
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the crucible when introducing the plunger-shaped body
Thgrﬁi(ﬁﬂ%r shaped body or group of plunger-shaped bodies
here preferably exhibits a geometry that enables a
unilaterally identical distance to the lateral wall of the
crucible when introducing the plunger-shaped body or group
of plunger-shaped bodies into he crucible. This lateral
distance preferably lies at £ 1 cm. The lower side of the
plunger is here flat in the preferred configuration,
leaving an overall constant perpendicular distance relative
to the met surface as well.

During implementation of the method, the gas flow and
distance to the melt surface and lateral wall of the
crucible are preferably selected or set in such a way as to
achieve a laminar stream in the gaps between the plunger-
shaped body and melt or crucible. Different plunger-shaped
bodies can here be provided for varying sizes and geometric

shapes of crucibles, 'which are replaced for the gas purging
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of plunger-shaped bodies into he crucible. This
| ateral distance preferably lies at < 1 cm The
| oner side of the plunger is here flat in the

preferred configuration, |eaving an overall constant
per pendi cul ar di stance refafive to the net surface as
well. During inplenentation of the nmethod, the gas

fl.ow and di.stance ta the, nelt surface and,l atera
delite S, e Tt Al el chutard SCBup LB 83 B gpother
wiith sucHidfeagnas geomeacli.evin athasi wary,sta ephungetrhehaped

p N l ungey - 0 a

oo By B noFah YR Theer  Bhaned ChBaresTEan Fh, EhpeTas

pupkadvigdeldviime .var yi ng si zes and geonetric shapes of
cruci bl es, " which are replaced for the gas purging 7

device as well when phan%{ng out a crucible for
Thgnogher PWrohng di¢vkeenthejepmurafenablahi sopgists of a

grRpPnIer-sharet c A4 alogysefaid ongd EPaﬁI_{]%oH ug+bkgrbon-

can be used in the gas urgi ng device. 2 gas
CO@%%%H%?QM&WE%#*@%th@ng?a&%ﬁ(ﬁWﬁﬁ%@% gpij to the melt
sudiraphi te-free material to prevent the transport of

carbon- containing material via the gas purging unit

to the nelt surface. Therefore, the cited device and
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process times makes it possible to achieve a controlled
incoming and outgoing transport of the respective undesired
substances. An elevated gas purging quantity here also
impacts the natural melt bath convention. Depending on
which direction the natural convection is flowing on the
melt surface, this stream of gas can drive or decelerate
the flow in the melt. As a consequence of this gas/melt
interaction, a more homogeneous radial distribution of the
foreign or doping substances can be achieved within the
crystalline body.

In the proposed device, the gas purging device is
preferably adjustably spaced apart from the melt surface.
However, the supporting surface for the crucible can be
vertically adjustable in design as an alternative or in
combination, of course. The adjustment can here be
initiated both manually and by way of a drive, e.g., a
motor. t
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I mpacts the natural nelt bath convention. Dependi ng on
whi ch direction the natural convection is flow ng on
the nelt surface, this stream of gas can drive or
decelerate the flowin the,nelt. As a consequence of
this gas/nmelt interaction,“a nore honogeneous radi al
distribution of the foreign or doping substances can
be achieved within the crystalline body. In the
proposed device, the gas purging device is preferablg of
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The proposed device as well as the accompanying method will
be described again briefly below based on exemplary

empodiments in conjunction with the drawings. Shown on:

Fig. 1 is a schematic view of an example for an
embodiment of the device;

Fig. 2 is a schematic view of another example for an
embodiment of the device;

Fig. 3 is the carbon and oxygen concentration over the
solidified block height of multicrystalline
silicon as a function of the used gas purging
guantity x;

Fig. 4 is the carbon concentration over the solidified
block height of multicrystalline silicon as a
function of the used gas purging device;

Fig. 5 is the flow rate of the melt bath as a function
of the used gas purging quantity; and
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enbodi nent of the device; Fig. 2 is a schematic view
of another exanple for an enbodi nent of the device;
Fig. 3 is the carbon and oxygen concentrati on over the
solidified block height of guLticrystaIIine silicon
as a function of the used gas purging quantity x;

Fig. 4 is the carbon concentration over the solidified

910%k heijght 5 OHnﬁﬁQﬂﬂc%nM§xah&teﬁmihéacxuéﬁxéd%lon of the
uncti on _of the used gas purglng devi ce; Flg 5 is the

flow rat digrifraokift RIRTE ad iBIturR i 8n TWICEHRO S the

gas purQM@@dq?a@tthgla?dquaﬁtlE 9. 6 is a nunerically

determ ned deflection of the |Iiquid-solid phase Iimt

as a function of the wused gas purging quantity. \Ways
Wadfs lofpliemareng ihBethaventyeanibhg. 1 presents a

schematic view of a first exanple for an enbodi nent

of the proposed device. Fig. la here represents a
Fist.atle gasfasre sand siﬂfehr[&g:ﬂd‘lenl‘abtcbflga pficessexaple for an
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a emaﬂﬁib@fgredaadldgmnsbedmm/mdﬂtungﬁpgpﬂaﬂspnwbilehElg
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PR & ey ok E88a L i Fa O cBracans-

delvaatel nglnl erddritss Gexanel arynsulkabodianaater iis 1esaﬁdtaally

T3 LI e g JEURDOP o0, 5 SUPBRLLLRG uni

ofpurkglomg] delgivieesncofpassdevacpi pentompadeesf &ahem maﬂntlng
P08 10 whighy,a EhEBﬁ?Etéd”ﬁ‘i’l%a‘Elnga' WY R QX1 dg 1S he

secured via a wre con . consi st ng Of a
1nﬁmL@ﬁdéﬁunmaéﬁthéﬁunhQM pad Fheh§@§l@9rg¢h@mb@évﬂb%-|§thh

indaYRYled, '@h%&? xSSats'uQQEa%'éa”P?rfég @hel Nerucible 8.
neltln f ur nace screwed to the latter via a
Theefi¥apnite-free gas purging device encompasses a pipe 1

made of aluminum oxide, to which a plunger 2 made of
aluminum oxide 1is secured via a wire connector 3, e.g.,
consisting of a molybdenum-lanthanum wire. The gas purging
device 1is incorporated into the heating chamber 12 of the
melting furnace 11, and screwed to the latter via a central
hole in the cover of the melting furnace. The crimp
connection 4 between the pipe 1 and cover of the melting
furnace selected in the present example makes it possible
to vary the axial position of the plunger 2 in a defined
manner at different system pressures and over the entire
process, as denoted by the double arrow on Fig. 1. The
system atmosphere in the heating chamber 12 can here not
interact with the outside atmosphere, since the crimp
connection 1is gastight. An external gas feed 1line 5
connected at the upper end with the aluminum oxide pipe 1
can be used to introduce scavenging gas in the center of
the heating chamber 12 at a defined height over the silicon
raw material or silicon melt. The silicon raw material 7a
is here introduced into the crucible 8, which in the

present example' consists of quartz glass, and 1is pfovided



hole in the cover of the nelting furnace. The crinp
connection 4 between the pipe 1 and cover of the
nmelting furnace selected in the present exanple nakes
it possible to vary the axial position of the plunger
2 in a defined manner at™ di% ferent system pressures
and over the entire process, as denoted by t he doubl e
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th t um num can be used to
i ntroduce scavenglng gas in the center of the heating
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] or sil he silicon w nmat eri al
in ssheh e d mMabdubel this t}hbw@fﬁ@éu Bl ec8 WRi cintapdued at

1&%%86%&4@@19&6 1199(5‘5'1'%§ Aryti it ase ﬁl@‘hﬂtélnlng a
prOV|ded 10 with a Si3N4 coating. The_crucible 8 is

digtescgedfFpma 1 ter apAFe&aduppRlt - /g bLevwsr vpide of the

p1SIRRAS Qihd hey sURRST t bR@1esur f offdhe fgati BApplied
chanmber 12. The glunger is. a Jussg% to the geoneﬁi? the

SCEVaNE G 3Dl e28 q‘%ﬁ]%ﬁ% withy Heatdashed planger
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Cr uci intajinin 6&‘ tance fromit 1
a = CR%‘F?.S% LPoder 38 ae itfe 1l bﬁgSPrﬁ§§F’8n8&§g y
arnouilet @pem ng fcﬁﬁ;ctﬂbe_esupp&n edn SERMARY] n@r@@s: Sé&tlonal
denot W th tq§ldashed [in gs . on %E 1 gure £ the

IS4 gRorEt TP 1 GIRY gi \9§ﬁ‘ atBFuct BT er wig! & a®
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rrespondi ngly ngul_ar. gi ven cru0|bl Wi t h
prﬁﬁ %éfgkrosghsgggcg ﬁe gPQ& EFgg 8F §ﬁcgr§ﬁ§§lFor “an
baluaﬂgiﬂ£ELM d¢evefretthe pl unger, the plunger on Fig. la
has a continuous projection, with which the upper
edge of the crucible 8 can be conpletely covered.
Thie s coodfigyueatioon of tte ggespupyrgindevieel pakemkas it

possible to introduce the scavenging gas via the external
gas feed line 5 at a defined height over the silicon raw
material 7a or silicon melt 7b (see Fig. 1b). In addition,
a peripheral mass flow regulator (not shown) can be used to
set the gas flow quantity that gets through the pipe 1 and
plunger 2 into the crucible 8. The key to achieve an
optimal performance for the gas purging device 1is the
adjusted shape of the used plunger 2. In order to obtain an
optimal interaction between the used gas phase and the raw
material or melt, a critical distance between the latter or
its surface must be realized. The proposed configuration of
the gas purging device with adjusted plunger geometry and
adjustable distance makes it possible to maintain this
critical distance between the lower side of the plunger and
surface of the raw material or melt at all times in the
process. As a result, it is also possible to balance the
change in fill level from the loosely poured raw material

74 to the liquid melt 7b while melt&ng the silicon raw
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possi ble to introduce the scavenging gas via the
external gas feed |ine 5 at a defined hei ght over the
silicon raw material 7a or silicon nmelt 7b (see Fig.
Ib). In addition, a peripheral mass flow regul ator
(not shown) can be used to lket the gas flow quantity
t hat gets through the pipe 1 and plunger 2 into the

cruc l e The o achi eye pti mal rf ot mance
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tﬂKE$wungeI ?sanbsthpogsisblfeadebdl ancesise ofhangeaphite-
[ S 8w t j.a 7 :
Eags 4 e b0 maRPe Tty REMGALAAY, OB ERL Pl "By ino
unﬁnemqnﬂ aff #ddeerdr.uci bl e by axi al ly shlftlng the
pl unger 2. The plunger 2 is here noved into the

cruci ble 8, but does not cone into contact with the
Angtife b| Eugepiame| paramg ey sfordephet edfestivg. opgration of

e £ tﬂlﬁ:glﬁ@gﬁﬁtz ﬂ’sasgalso?%n 5 Cor ar88R) Y 1tntig fhf@nces

cruci bl'e S0 as to nmal nt nst ant dlstance to
thehedu t hER Péc&FEPhyATcheO KU ERNGORFBLRERY SPRUEAG Cthat

id h@rgﬁ@ @Hfgangourazt fidh PERET GukAmdedNO PARE helt. The
t he plunger 2 and the gas feeder 5 consist of a

CHEGh t @arﬁmééellfatf&liem 1fel jRIVEARE t RS oPR? atiddriCofol gas
vdNendasi PUrghdg ceakinb®repefddici epk. PnahBer 2 to the

RO paramcler, for, Lne off sell ve per gl on O epic
thHenf laienees ante quggeht yeohtéatbomanthe multicrystalline
s SYSET SOTELEA g, SEEL e LORt, L L UBREERT O R aea
gas purging quantity x. As clearly evident from the
presented measuring results, using the gas purging unit
with an elevated gas purging quantity enables a significant
reduction in the carbon and oxygen content. Depending on
the gas purging quantity, this provides an opportunity to
specifically set the desired concentration of corresponding

foreign substances in the solid body.

Fig. 4 shows the influence of the material of the gas
purging device on the result of crystal cultivation. A gas
purging unit made of graphite-free material was here
selected in one case, and a gas purging unit made of a
graphite-containing material in the other case. The clear
difference 1in <carbon concentration in the cultivated

multicrystalline silicon body is clearly evident from the
figure.
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cruci al paraneter here is regarded as the ratio of gas
volume in the crucible below the plunger 2 to the

i ntroduced gas purging quantity. Fig. 3a and 3b here
depi ct the carbon and oxygen content in the

mul ticrystalline silicon duced with the device as

a function of the used gas purging quantity X. As
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with the same reference numbers as for the device on Fig.
1, so that these components will no longer be discussed in
any greater detail given their identical design and
function. This example provides two external gas feeders 5,
which are connected with the two pipes 1. Both pipes 1 each
have a plunger 2, which exhibits a gas outlet on the lower
side of the plunger. Both plungers 2 can be axially shifted
as denoted by the double arrows, making it possible to set
the desired distance to the surface of the raw material 7a
or melt. This device operates in the exact same way as the
device on Fig. 1, wherein both plungers 2 are here moved
simultaneously. Such a configuration enables the use of
crucibles 8 with larger lateral dimensions without
tightening the requirements on the mechanical stability of
the suspension device for the individual plungers 2.
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next to the other in the gas purging device in this
exanpl e. The crucible 8 can here have an el ongated
rect angul ar shape, wherein the cross sectional surface
of this crucible 8 is essentially covered by the two
plungers 2, i.e., except—fb¥ the gap toward the
|ateral wall of the «crucible 8. The sanme conponents
Rei this ev%pe are provided wth the sane reference
r the device on Fig. 1, so that these
conponents will no | onger be discussed in any greater
1 det%h]egiven their identical design and function.
Thi s é&anple provi des two external gas feeders 5,
2 whi dluwargerconnected with the two pipes 1. Both pipes 1
3 eac 1 flave tgpger 2, whi ch exhibits a gas outlet on
the T'ower ~side of the plunger. Both plungers 2 can be
4 axi &diynpsidrnreg¢tias denot ed by the doubl e arrows,
maki [ zRf%ﬁ.Si ble to set the desired distance to the
5surfdfjldgseéoef the raw material 7a or nelt. This device
6 opertitadsind glismeatact sanme way as the device on Fig.
1, w?gr ' th plungers 2 are here noved
7asi nu taﬁdéagcus fh' Such a configuration enables the use
Thof Malfcibles 8 with larger lateral dinensions wthout
g tightepiingdhe requirenents on the nechani cal
stability of the _suspension device for the individua
9 pl urgEReLt copncibief erence List 1 Pipe 2 Plunger 3
1OW resmngctey 4 Crinp connection 5 Gas feeder 6
Heatianelenent 7a Raw material 7b Melt 8 Crucible 9
Hgyppbrktigrdipingce

12 Heating chamber

13 Supporting surface
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10 Insulation 11 Melting furnace 12 Heating chanber

13 Supporting surface WO 2009/ 100694 Al -14- CLAI NS
1. A device for producing crystalline bodies by
directional solidification, which enconpasses a

WOongI00i%r g O0@Sdadd (11) with a heating chanber (12), in

whi ch are defined at | east-ofe supporting surface (13)
for a crucible (8) havingﬁﬁghgieral wal | and fl oor,
and at | east one gas pur vi ce arranged over the
supporting surface (13) with a gas outlet facing the
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of twie ahl u'mc@e mmhaﬁodya(sg ongt ¢UPPe r¢AingGi Bhafpgy (13)

at gdateral., % ancg) tqhatﬂ%d af enale wahl o1 1t h§nd floor,

cruci bl e (8), hat e gas purging device and/or
supperd idy Mc@néq 133s apergingafedioe avuaprgadsever the

t hats fhey-ialy beuAeidist ety nw@@ha)é' adadli Bﬁﬁié@nfam_ng the
t hereby enabling a cha&ae in perpendi cul ar

di stSARRe et e iifees ﬁépticﬁﬁrwe@lSP 5hat the gas
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crystalline bodies by “directional solidificati
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purgﬂﬁgtM@vpﬁ@n@étaég&ﬁe@vbbdyha2) into the crucible (8)
at a lateral distance to the lateral wall of the
crucible (8), and that the gas purging device and/or
supporting surface (13) are situated or mounted so
that they can be adjusted in an axial direction,
thereby enabling a change in the perpendicular
distance between the supporting surface (13) and
plunger-shaped body (2).

A device for producing crystalline bodies by
directional solidification, which encompasses a
melting furnace (11) with a heating chamber (12), in
which are defined at least one supporting surface (13)
for a crucible (8) having a lateral wall and floor,
and at least one gas purging device arranged over the
supporting surface (13) with a gas outlet facing the
supporting surface (13), characterized in that the gas
outlet is formed by one or more openings in lower
plunger surfaces of a group of several side-by-side
plunger-shaped bodies (2), which has a geometry
adapted to the inner shape of the crucible (8),
permitting at least a partial insertion of the group

of plunger—shabed bodies (2) into the crucible (8).at



supporting surface (13) with a gas outlet facing the
supporting surface (13), characterized in that the gas
outlet is formed by one or nore openings in | ower

pl unger surfaces of a group of several side-by-side

pl unger - shaped bodi es (2), which has a geonetry
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5. The device according to claim 2, characterized in that
the group of plunger-shaped bodies (2) has a geometry
that enables at least a partial insertion of the group
of plunger-shaped bodies (2) into the crucible (8) at

a unilaterally identical distance to the lateral wall.

6. The device according to claim 2 or 5, characterized in
that the plunger-shaped bodies (2) have a continuous
lateral projection at a distance from the lower
plunger surface that makes it possible to cover an

upper edge of the crucible (8).

7. The device according to one of claims 1 to 6,
characterized in that the lower plunger surface is
flat and arranged parallel to the supporting surface
(13) .



pl unger surface that nmakes it possible to cover an
upper edge of the crucible (8). 7. The device

according to one of clains 1 to 6, characterized
that the |l ower plunger surface is flat and arrang

in
ed

parallel to the supporting surface (13). 16- 8. The

devi ce according to one of -dbains 1 to 7,
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surgacgn Kﬂﬁg melt (7b) or parent material (7a),

a parent material (7a) for producing the

crystalline bodies in the crucible (8) 1is
with the formation of a melt (7b),

- the lower plunger surface(s) of the gas
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the melt (7b) or parent material (7a
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- the melt (7b) is solidified from the bottom up

during the supply of scavenging gas.

is varied during directional solidification.

distance Dbetween the surface of the melt (7b)

The method according to claim 10, wherein the gas flow

The method according to claim 10 or 11, wherein the

and the



and the nelt (7b) is solidified fromthe bottom up
during the supply of scavenging gas. 11. The net hod
according to claim 10, wherein the gas flow is varied
during directional solidification. 12. The nethod
according to claim10 or 11, wherein the distance
bet ween the surface of the .mglt (7b) and the 17- | ower
plu u S dyrd n ct
Col 15 S apiangers HBERe T, "Sats bl oy, 4
or Blishiefigatitane distance between the surface of
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constant during directional solidification. 14. The

13vet HBwe avebhed ngcearohegoftac| aladn 100t @r13t1l, whkesesn the
the di stance hetwesh difie swrface Qf EH@ mekt (08h) aRdthe

the | ower plunger surface as well he gas fIOM/are
set }QWSHchPAUREST as st fgicke rige tb@léi st FeaftyaRt gayring

for dervi shihesqndesiiced imierial fromthe surface
of the nelt (7b) over a gap between the

pl unger - shaped body/ bodies (2) and the lateral wall of

14 he 'HiélCIn{éiﬂ)o(cB) acdbrdihg ned hathacear dingihg on@ afo 13,
clains 10, to wherei n. the di stance bet ween
surf”Hb%r%‘fntE‘éerrEilFtar(l‘?%) bgtieeRe tli’tﬁ/ve? Eﬁ(%ﬁ?ge? the melt
surf (m@ agnaethe abowde Fhengétovnargceehsi ResUChsathay gas
thatf{ as flow influences a flowrate i.n the nelt

(7b)TLE T59 ool ML 6t Aty A hd g ciaemoLq Fgrean
15 oﬁvh@ae' rfdrheréimcstaan;:ethet weerdihedsuifeeei Of fhem the

b I f |
Uhe GASTZIT o far E08etNEE CubPla, PR hdr RR G the
|IﬁIp&mmgﬁmfswagné®ddyﬁhﬁdﬁﬂﬂi@n afinda dheguiadexalli dhall of
phas_,gh 9@ he melt (7b).

1rec6lonal

15. The method according to one of claims 10 to 14,
wherein the distance between the surface of the melt
(7b) and the lower plunger surface as well as the gas
flow are set in such a way that the gas flow
influences a flow rate in the melt (7b).

16. The method according to one of c¢laims 10 to 15,
wherein the distance between the surface of the melt
(7b) and the lower plunger surface as well as the gas
flow are set in such a way that the gas flow
influences a degree of deflection of a liquid-solid

phase boundary in the melt (7b).



