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Progess and heati ng device for ¢tor material The mwmg
Lelates to a process for nelti | - iterial in a crucible h SP
i~s located in 5 a container. [The |REE%AOEE1 alsg relates to a heating 8(
device which is suitable for ca e process. The process is
preferably used for the production of single crystals using the Czochral ski
nethod In order for it to be possible for a single crystal to be pulled 10

as Bage Replacedhi s Bradass dnd he#ting (device for meltingt the
sem r|aI whi ch i sdeitiididyy sd@eSthl N a quartz crucible.
The for this I's usual 'y applied by a fi ¥ed heating device

whi ch |s arranged around the crucible. 15 ring the nelting
procedure, the crucibtigei $nospeset trelaitgs (w3 erprocessAfor mesltingf
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a contalner. The invent:.on also relates to a heating
device which is suitable for carrying out the process.
The process is preferably used for the production
of single crystals using the Czochralski method. In order
for it to be possible for a single crystal to be pulled

10 from a melt using this method, it is firstly necessary to
melt the semiconductor material, which is customarily
placed in a quartz crucible. The energy needed for this
is usually applied by a fixed heating device which is
arranged around the crucible.

15 During the melting procedure, the crucible is
exposed to high temperature. As a result of this,
so-called pitting corrosion of the crucible material
takes place, with the prodﬁction of particles which may
subsequently make it impossible to grow the single

20 crystal without dislocations. The temperature at the

' crucible wall, as well as the melting time, should
therefore be minimised.

The invention relates to a process for melting
semiconductor material in a crucible which is located in

25 a container and is enclosed by a fixed heating device,
wherein a heater of a displaceable heating device is
lowered from a lock chamber above the container ﬁhrough
an open shut-off wvalve into the container in the
direction of the semiconductor material, and the

30 semiconductor material is melted using the fixed heating
device and the lowered heater, and. the heater is raised
back out of the container into the lock chamber after the
semiconductor material has been melted.

' The invention also relates to a heating device

35 which is suitable for carrying out the process. A heating
device is proposed which is displaceable and comprises a
heater which can be lowered from a lock chamber above the
container through an  open shut-off valve into the



subsequént|ly make it inpossible to grow the single 20 crystal without
dislocations. The tenperature at the crucible wall, as well as the nelting
time, should therefore be mnimsed. The invention relates to a process for
mel ting sem conductor nmaterial in a crucigbl.e which is located in 25 a
container and is enclosed by a fixed heating device, wherein a heater of a

di spl aceabl e dseatameﬂem Qshe aﬂz@wf mfih bEogha é%fc&ﬁ@ﬂ@@ét a nefmu ; ﬁiéﬂﬁ

th valye jn e con '
g?pteglt Pg:l of r%e s%%%‘ge%ﬁ%%] % ﬁﬁt'él??a ﬁgﬂg sem conduct or
‘material is nelted usTheg imvén&:bqhhmemgtslevx_-apidnohéhaﬁgmed tkat er,
and t he heat ege,@céﬁaﬁggopaﬁgtgF.&ﬁ stt;:lg 1?%%% hﬂ&octepﬁ-. Ioc(4<f c%g‘oer

after the sem conductor nateria | nvent 'on al SO
rel ates t® a FEBIFPRAUCYPEe %te%ﬁﬂlch qh?”ﬁﬂvt ahe ferueiblei mpaveriahe

process. A hewéing gevteeted Himwsecd \WhikdtantilIsPbA6EEPLEANGLOoERL Ses a
required energy is not introduced through the crucible
wall. Furthermore, the process does not have any effect
on the procedure involved in the actual crystal produc-

10 tion, so that tried and tested pull conditions can be
kept unchanged.

The invention will be explained in more detail
below with the aid of a figure. The figure schematically
shows a sectional representation of the side view of a

15 system for pulling single crystals using the Czochralski
method. Only those features necessary for explanation of
the invention are shown.

The crucible 2, filled with semiconductor
material 1, is located in a container 3 which may be

20 flushed with inert gas and evacuated. A fixed heating
device 4 encloses the crucible. If appropriate, an
additional fixed heating device may further be provided
which is arranged under the bottom of the crucible and is
referred to as a bottom heater. Above the crucible, a

25 lock chamber 5 is flanged onto the container. It
accommodates a displaceable heating device having a
heater 6 whose front side is directed at the
semiconductor material and whose rear side is insulated
by thermal insulation 7. According to the embodiment

30 which is represented, the heater comprises two heating
elements, which are mounted on the ends of a tube 8 and
a shaft 9. The heater is preferably designed in the form
of an electrical heating resistor or induction heater,
and is made of graphite, for example. The reé;uired

35 electric current (direct current or alternating current,
or direct current modulated with alternating-current
components) is preferably delivered wvia the tube 8 and
the shaft 9. The tube and the shaft can be raised and
lowered together axially. The gap between the tube and
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material, and raised back into the | ock chanber. The

mts rapid nelting of the se conductor material starting from
the 5 sem conductor matert ‘charge, the crucible materi al
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placed over the insulation 7 and the heater 6. The bell
is supported on a support plate 11 of the lock chamber 5.
Vacuum-tight seals 12 between the bell and the support
plate, and between the bell and the tube 8, form a gas-
tight barrier. The interior of the container can be
separated in gas-tight fashion from the interior of the
lock chamber using a shut-off valve 13.

In order for the semiconductor material to be
melted, the bell is evacuated and flushed with inert gas,
and the shut-off valve 13 is opened. The tube 8 and the
shaft 9 are lowered until the heater 6 has reached a
position as close as possible to the surface of the
semiconductor material. The distance between the surface
of the heater and the surface of the semiconductor
material is chosen large enough to exclude the
possibility of contact with the semiconductor material to
be melted. The heater is preferably designed in such a
way that it fits into a tubular or conical heat shield
14, if the latter is built into the container, suspended
over the crucible. The energy for melting the semiconduc-
tor material is applied by the combination of the fixed

heating device 4, a bottom heater which may possibly be

present, and the lowered heater 6. It is preferable to
distribute the energy contributions in such a way that
the semiconductor material melts as a function of its
position in the crucible, and semiconductor material
which is in contact with the crucible wall melts last. It
is particularly preferable if the front of molten semi-
conductor material moves radially outward from the middle
of the crucible toward the crucible wall, if the melting
procedure is observed from a position above the crucible.

_ After the semiconductor material has been melted,
the heater 6 is raised back into the lock chamber, and
the shut-off valve 13 is closed. The heating device is
then removed from the lock chamber through a door 15. The

[ TN



.bekow with the aid of a figure. The figure schematically shows a secti onal
Jepresentation of the side view of a 15 systemfor pulling single
-crystals using the Czochral ski method. Only those features necessary for
explanation of the invention are shown. ghe crucible 2, filled with

sem conductor material 1, is located in a container 3 which nmay be 20

1 ushgfi Wi 'ltp PUEIing) FE a.ndiaga.@gakydtaim ?sxa(sjhﬂn&a&mﬁpmuqe Imem:ilngsﬁs tBe
cruci bl e. appropriat .addi tional fixed heatiyy v, 3 er be
provi ded whi ¢h é)%“gﬁ?@eee%fu g t%ecqr?b‘ﬁnoengﬁﬁa rit %éhc&%'u lﬁegﬁaén%xﬁsﬂ{%f erred
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device having a heater 6 whose front side is directed at the sem conduct or

mat eri al %and FfRERATed and jElpshedswibRednaytt A8FmICo FAR AUTHRCE ©

According to ¢he msbsh @ahicéndudtivf matertgl esent ed, the heater conprises
two heating As an alternative to the procedure described
above, the displaceable heating device with the lock
chamber may be removed from the container, and, for
10 example, moved to another containmer. A pulling device is

put in place of the lock chamber that has been removed.



.el ement’s, which are nounted on the ends of a tube 8 and a

,_;heater is preferably designed in the formof an electri cal|mm}tmm]lﬂmmul“
~or induction heater, and is nade of graphite, for exanple. *The requlret
electric current (dlrect current or alitegnating current, or direct current
‘nodul ated with alternating-current components). is preferabl y delivered via
the tube 8 arpéhtidnt Clafimed. The tube and the shaft can be raised and

| owered together axially. The gap between the tube and -3- the shaft is
used for delivering inert gas to the container 3, or for discharging waste
gas from thd-contai RerRrorastcEey Melting csenicnnduetapr maserialelim 10

whi ch can be g2vacuaisdeanghitshpsl \maéaﬁéarsrtingaa dbklcdfnér dHdCas over
the insulati %r};cloalne% tbhe hegi d61':e fng éevice, wherein a heater of
5 a displaceable- heating device is lowered from a lock
chamber above the container through an open shut-off
valve into the container in the direction of the semi-
conductor material, and the semiconductor material is
melted using the fixed heating device and the lowered
10 heater, and the heater is raised back out of the
container into the lock chamber after the semiconductor
material has been melted.
2. The process as claimed in claim 1, wherein the
displaceable heating device is removed through a door in
15 ‘the lock chamber after the semiconductor material has
been melted. _
3. The process as claimed in claim 1 or claim 2,
wherein the semiconductor material is .melted as a
function of its position in the crucible, and
20 semiconductor material which is in contact with the
crucible is melted last.
4. a heating device for melting semiconductor
material in a crucible, the crucible being located in a
container, and the heating device tramsmitting energy to
25 the semiconductor material from a position above the
crucible, wherein the heating device is displaceable and
comprises a heater which can be lowered from a lock
chamber above the container through an open shut-off
valve into the container in the <direction of the
30 semiconductor material, and raised back into the lock
chamber.
5. The h_eating device as claimed in claim 4, wherein
the heating device can be removed through . a door in the
lock chamber.



.i stsupported on a support plat T anber 5. Vacuumti ght
seals 12 between the bell and @ '{and between the bell and
“the tube 8, forma gas- tight ] ' inter] or of the container can be
.10 separated in gasproglss’ asd %aftr':ﬁ@ H&ﬂd& @oromelftildee | ock chanber
using a shut-off valve 13. In ord%the S ﬁ' ductor material to be
nel ted, the bell is evacuated®SWg gas, and the shut-off
valve 13 is opened. The tube 8 and the 15 shaft 9 are lowered until the
heater 6 has reached a position as cl £a%gpossi ble to the surface of the
senmi conductor material. The di stance between the surface of the heater and
the surface of the sem conductor material is chosen | arge enough to excl ude

the 20  possibility1gfe W@Ei&tfeLQEeﬁeww%%sﬂtakl aielttﬁﬂge

trrﬁLLIegr The heate é tRref eraetfz)éfq’eingned in i? h@i\gﬁ/l t[eﬁiets into a

cont ai ner, smsmmdaﬂ.ner and is enclosed by a fixed heat:.ng device.
The invention also relates to a heating device which is

suitable for carrying out the process. The process is one
wherein a heater of a displaceable heating device is
lowered from a lock chamber above the container through
an open shut-off valve into the container in the direc-
tion of the semiconductor material, and the semiconductor
material is melted using the fixed heating device and the |
lowered heater, and the heater is raised back out of the
container into the lock chamber after the semiconductor
'~ material has been melted.

‘This Sheet Has Been R laced




ovef the crucible. The energy for neltlng the sem conduc- 25 tor materi al

1s applied by the conbination of device 4, a bottom
heat er which may possibly be prds¥ SHEEH?ﬂﬁp red heater 6. It is
preferable to distribute the engr cBEﬁ[Adggtlons in such a way that the
sem conductor material nelts as a tun 30 position in the
cruci ble, and sem-conductor materi al ith is in contact with the crucible

wall nelts last. It is particularly preferable if the front of nolten seni -
conductor material noves radially outward fromthe mddle of the crucible
toward the crucible.wall, if the nelting 35 procedure is observed froma
position above the crucible. After the sem conductor material has been
nelted, the heater 6 is raised back into the | ock chanber, and the shut-off
valve i3 is closed. The heati device is . then. ved fromthe | ock
chanber through a door 15. T
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al is then cormenced by | owering a seed crlﬁhﬁk
i ng device which is arranged above the | oc
figure), through the | ock chanber, if appropriate
with inert gas, to the surface of the nolten
As an alternatiVe to the procedure described
heating device wrth the | ock chanber may be renoved
from lLner nd, for 10 _exanple, noved to another container. A

pul | ing device is put i ese and theating deviee: foxhmeltd®dheen renoved.

Patent Clains 1. A process g&@iidondudibr altei@Ict or material in a
crucible which is |located in a container and is
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The invention relates to a process for melting
semiconductor material in a crucible which is located in
5 a container. The invention also relates to a heating
; device which is suitable for carrying out the process.
The process is preferably used for the production
o"f single crystals using the Czochralski method. In order
for it to be possible for a single crystal to be pulled
10 from a melt using this method, it is firstly necessary to
melt the semiconductor material, which is customarily
placed in a quartz crucible. The energy needed for this
is usually applied by a fixed heating device which is
arranged around the crucible.
1s During the melting procedure, the crucible is
exposed to high temperature. As a result of this,
so-called pitting corrosion of the crucible material
takes place, with the production of particles which may
subsequently make it impossible to grow the single
20 crystal without dislocations. The temperature at the
crucible wall, as well as the melting time, should
therefore be minimisged.
The invention relates to a process for melting
semiconductor material in a crucible which is located in
25 a container and is enclosed by a fixed heating device,
wherein a heater of a displaceable heating device is
lowered from a lock chamber above the container through
an open shut-off wvalve into the container in the
direction of the semiconductor material, and the
30 semiconductor material is melted using the fixed heating
device and the lowered heater, and the heater is raised
back out of the container into the lock chamber after the
semiconductor material has been melted.
The invention also relates to a heating device
35 which is suitable for carrying out the process. A heating
device is proposed which is displaceable and comprises a
heater which can be lowered from a lock chamber above the
container through an open shut-off valve into the



devi ce, wherein a heater of 5 a displ aceabl e-
om a | ock chanber .above the container through
he container in the direction of the sem -
sem conductor material is nmelted using the
fixed heatinp device and t | onered 10 heater, and the heater is raised
back out of the container into the |ock chanber after the seni conductor

mat eri al hbks- : he process .as ?;ai neq.i.,n claim1,
wherein the di spl aceabPEOFESS, H@dd£VF5énF%%F§HﬁVb Sh door in 15
the | ock chanmber after the sensemidonidmetonxt matariads been nelted. 3.
The process as clained in claim1-or claim2, wherein the seniconductor
material is nelted as a function of its position. in the crucible,
and 20 semi conductor material whi chAbgtEaetontact with the crucible is
melted | ast.

ericl osed by wepii \

heating de iﬁEFf-LAC Eme%“ ??r
an open shiyttof.f val ve int
conduct or fraf eRiGaUANaI999t

The invention relates to a process for melting
semiconductor material in a crucible which is located in
a container and is enclosed by a fixed heating device.
The invention also relates to a heating device which is
suitable for carrying out the process. The process is one
wherein a heater of a displaceable heating device is
lowered from a lock chamber above the container through
an open shut-off valve into the container in the direc-
tion of the semiconductor material, and the semiconductor
material is melted using the fixed heating device and the
lowered heater, and the heater is raised back out of the
container into the lock chamber after the semiconductor
material has been melted. '

(Figure 1)



4. A Héating device for nelting sem conductor material in a

crucible, the crucible being |located in & contai ner, "and_the heating device

transmtting energy to 25 t he sem conductor materi al 'REPLACEMENT. SAEET
above the crucible, wherein the heating device is displ ' '
conprises a heater which can be lowered froma | ock ch
contai ner through an open shut-off valf¢ fnto the cont
direction of the 30 sem conductor material, and rais
chanber. 5. The heating device as clained in claim
heati ng device can be renoved through a door in the |lo
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