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The invention relates to a process and to a
device for reducing the load on a seed crystal during the
5 pulling of a single crystal according to the Czochralski
method. The process is used, in particular, for the
production of single crystals from silicon or compound
semiconductors for electronic purposes. During the
process, a seed crystal which is dipped into a melt is
10 pulled away from the melt with the aid of a pulling
device, while a single crystal grows on its underside.
During pulling, care is taken that a so-called neck with
comparatively small diameter is first produced, so that
the single crystal can be pulled without dislocations.
15 The single crystal comprises a conical section with
increasing diameter at its start, a cylindrical section
with almost constant diameter in its middle, and a
conical section with decreasing diameter at its end. Only
the cylindrical section is usually of interest as a basic

20 product for the electronics industry.
US-4,973,518 has already disclosed that, in
- particular, the neck can become axially loaded with a
comparatively heavy weight when the single crystal is
being pulled. However, the application of any transverse
25 force should be avoided since theére is a risk of the neck
~ breaking even under slight loading. To avoid this risk,
it is proposed to pull the conical section in such a way
that it is diametrally widened at an axial position and
forms a bulge, where the single crystal can be supported

30 with a gripping device. |

| The process has disadvantages, in particular, as
regards the production of single crystals which have
diameters of = 200 mm in the cylindrical section. For
example, the material needed to produce the bulge cannot
35 be used for electronic purposes. Further, it is not
straightforward for the special shape to be pulled, and
if the bulge 1is not successfully given an exact
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During pulling, care is taken that a so-called neck with conparatively
*smal | dianeter is first produced, so that the single crystal can be pulled
Wi t hout di sl o8&t i9%6R2/5t5  The single crydtal conprises a conical section
with increasing dianeter at its start, a‘cyljndrical sectiqn wt g#’rmst

a
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conpar at i vel y thdsvydoss ghtt whause hehei ngkl ¢oydaizdak,s there is a risk
5 that the axis of rotation of the single crystal will be
shifted and the cylindrical section will no longer grow
straight.

The object of the present invention is to avoid
the problems presented above and to achieve the result

10 that, in particular, even comparatively heavy single
crystals can also be pulled. '

The invention relates to a process for reducing
the load on a seed crystal during the pulling of a single
crystal by means of a pulling device, wherein an adhesive

15 bond is made between a conical section at the start of
the single crystal and a retaining body, and the load on
the seed crystal is reduced'By creating a tensilé stress
between the retaining body and the pulling device.

The invention also makes it possible to pull

20 heavy single crystals whose weight is in excess of the
loading limit of the neck for axial loads. Since, when
the invention is employed, the single crystal is loaded
only parallel to its longitudinal axis, problems produced
by transverse loading are excluded.

25 The invention also relates to a device for
reducing the load on a seed crystal during the pulling of
a single crystal from a melt by means of a pulling
device, which comprises a retaining body and an adhesive
bond between the retaining body and a conical section at

30 the start of the single crystal, and an arrangement for
creating a tensile stress between the retaining body and
the pulling device. '

The invention will be explained in more detail
below with the aid of a figure. The figure shows a

35 schematic sectional representation of a preferred
embodiment of the device in side view. Only the features
of the device needed for understanding the invention are
represented.

— The pulling device used is a pulling shaft 1
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_being pulled. However, the application of any transverse 25 force should
be avoi ded sig%e §€§#?S£S a risk of the_ngck breaking even under slight
1 oading. To a Y d ST Tisk, it is proposéd to pull the conical section in
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5 between the surface of the conical section 5 and the
retaining body 6. According to the preferred embodiment
which is represented, the retaining body has a hollow
cylindrical shape and 1is enclosed by a sealing ring 8
which likewise bears on the surface of the conical
10 section. The sealing ring seals a gap 9 which is filled
with the adhesive bond. Between the retaining body 6 and
the pulling shaft 1 there is a connection which can be
shortened and is provided by an axially movable rod
system 10. The rod system is anchored at one end in the
15 pulling shaft and connected at one end to the retaining
body.

- "When the single crystal is pulled, the conical
section 5 at the start of the single crystal is firstly
allowed to be pulled until its surface area is large

20 enough' for an adhesive bond to be made between the
conical section and the retaining body 6. The conical
section needs to be cooled to a specific temperature T,
which is tailored to the properties of the material from
which the adhesive bond is to be made. Substances, such

25 as glass, glass reinforced with glass fibers, germanium
and silver which set as a function of temperature are
particularly suitable. This material is brought into
contact with the surface of the conical section. The
temperature T, must be high enough for the material to

30 become liquid or at least soft as a result of the
contact. The sealing ring 8 is provided in order to
prevent liquid material from passing over the shoulder of
the conical section into the melt. The sealing ring is
lowered together with the retaining body to the surface

35. of the conical section, until it touches, in which case
it may soften in the contact region. The sealing ring is
preferably made of glass or glass reinforced with glass
fibers. After the sealing ring has been put on, there is
a gap 9 between the surface of the conical section and
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Strai ghtforward for the special shape to be pulled, and if the bulge is not
‘successfully ven an, exact rotationally symetric shape, then the
‘possi bility ofs% 4%%§Fbe|ng | oaded by't?aﬁsverse forces cannot absol utely

cause the necit BREALMIPReNTE a LICELS SRR THo S HERariisn of
the single crysikdsive Ibdred $hi Thedmahdrihd usgednfer celhe suthesiveniidndio
| onger gro“’Stfégggﬁample germanium granuleé, is applied to the surface
of the conical section, where it ligquefies and penetrates
5 the gap which is sealed off from the outside. |
The use of a sealing ring may be omitted if,
although becoming soft on contact with the 'single
crystal, the material used for the adhesive bond still
remain too viscous to leave the contact region. In this
10 case, the retaining body lowered to the surface of the
conical section is one which, overall or at least
wherever contact is made with the surface of the conical
section, is made of a material that is suitable for the
adhesive bond.
15 As the pulling of the single crystal continues,
the conical section cools further, and the material for
. the adHesive bond sets. When the conical section has
cooled to a temperature T, < T,, the load on the seed
- crystal can be reduced. To do this, the rod system 10 is
20 raised and a tensile stress is created, which counteracts
the force due to the weight of the single crystal. The
magnitude of this tensile stress is expediently increased
during the pulling of the single crystal as a function of
the increasing single crystal mass.
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.The obj ect of the present invention is to avoid the problems presented
“above and to gchlgés %Ee result 10 thatg _in particular, even
‘corparatlvely fed é_ gle crystal s can éiso be pulled. The invention
relates to a process ._reducing the |oad on a seed crystal during the
pulling of a EF SP _gﬁéé S by means of a pulling device, wherein an
adhesive 15 bond i s made between a conical section at the start of the

Sy Lokt % IEpSCENES Rodirequsligeodban dig sed cryssal s
pul I'i ng devicéPr?ﬁ% ﬁHV%nPPiﬁiassG&ﬁd%§§955980§§ﬂ%5%ﬁlnggFgggg e e
' pulling device, wherein an adhesive bond is made between
5 a conical section at the start of the single crystal and
a retaining body, and the load on the seed crystal is
reduced by creating a tensile stress between the
retaining body and the pulling device.
2. The process as claimed in claim 1, wherein the

10 adhesive bond is made when the conical section of the
single crystal is cooled to a temperature T,, and the
tensile stress is created when the conical section is
cooled to a temperature T,. '

3. The process as claimed in claim 1 or claim 2,

15 wherein the tensile stress is increased as a function of
the single crystal mass that grows as the single crystal
is pulled.

4. A device for reducing the load on a seed crystal
during the pulling of a single crystal from a melt by

20 means of a puliing device, which comprises a retaining
body and an adhesive bond between the retaining body and

' a conical section at the start of the single crystal, and
an arrangement for creating a tensile stress between the
retaining body and the pulling device.

25 5. The device as claimed in claim 4, wherein the
adhesive bond consists of a material which is selected
from a group comprising glass, glass reinforced with
glass fibers, germanium and silver.

6. The - device as claimed in claim 4 or 5, wherein

30 the retaining body has a hollow cylindrical shape.

7. The device as claimed in one of claims 4 to 6,
which comprises a sealing ring which is placed on the
starting'cone and seals a gap between the conical section
and the retaining body, the gap serving to accommodate

35 the adhesive bond.

8. The device as claimed in one of claims 4 to 7,
wherein the pulling device comprises a pulling shaft, and
the arrangement for creating a tensile stress comprises
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20 heavy single cr ystal s whose weight is in excess of the loading limt
of the neck f dsl' ads Since, when the invention is enployed, the
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the pulling device. The invention will be explained in nore detail bel ow

with the aid %f g Ebggr The figure shows a 35 schematic sectiona
representatio f preferred enbodi ment of the deV|ce in side view

Only t'he feat #Hgg f tQEdd%’éx&ecé‘eﬁg‘?d I‘Q&ué’ﬁqg an! ft hgnl_%e_gteban are

repr esent ed. I|ng devi ce usé
crystal

Abstract

The invention relates to a process for reducing
the load on a seed crystal during the pulling of a single
crystal by means of a pulling device. An adhesive bond is
made between a conical section at the start of the single
crystal and a retaining body. The load on the seed
crystal is reduced by creating a tensile stress between
the retaining body and the pulling device. The invention
further relates to a device for carrying out the process.
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which has a holder 2 in which a seed crystal 3 is clanped. According to the
representation, the neck 4 and the conical section 5 at the start of the
single crystal have al ready been pulled. There is an adhesive bond 7 5

bet ween the surface of the conical section 5 and the retaining body 6.
According to the preferred enbodi nent vyhph I's represented, the retaining
body has a hollow cylindrical shape and'is encl osed by a sealing ring 8
which |Iikew se bears on the surface of the conical 10 section. The
sealing ring seals a gap 9 which is filled with the adhesive bond. Between
the retaining body 6 and the pulling shaft 1 there is a connection which
can be :

2

78

N

&)

v

f«tﬁ,ﬂ' P




Klﬂ" LALE!V.‘IM 2 annn;o e t

" 9. to paged 2 |
shortened]a Pgn Bﬂﬁd to vl OL} movabl e rod systé\&o}& T-t]le rod
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coni cal sdc® Mstercat tﬁ 'arp’~“1 e crystal is firstly allowed to
~be pulled{untiF its surface a e |s lar e 20 enough for an adhesi ve bond

to be madq [PATECOF KECERT t on _&nd the retaining body 6. The
coni cal set

t whi ch
S tallored to thggbropertles 0 qtﬁegog %??;Fhﬁr mzﬁghu%ﬁel[ %?ivelgond

is to be made. Substances, such crystal

| The invention relates to a process and to a
device for reducing the load on a seed crystal during the
5 pulling of a single crystal according'to the Czochralski
method. The process is used, in particular, for the
production of single crystals from silicon or compound
semiconductors for electronic purposes. During the
process, a seed cfystal which is dipped into a melt is
10 pulled away from the melt with the aid of a pulling
device, while a single crystal grows on its underside.
During pulling, care is taken that a so-called neck with
comparatively small diameter is first produced, so that
the single crystal can be pulled without dislocations.
15 The single crystal comprises a conical section with
increasing diameter at its start, a'qylindrical section
with almost constant diameter in its middle, and a
conical section with decreasing diameter at its end. Only
the cylinarical section is usually of interest as a basic
20 product for the electronics industry.

US-4,973,518 has already disclosed that, in
particular, the neck can become axially loaded with a
comparatively heavy weight when the single crystal is
being pulled. However, the application of any transverse

25 force should be avoided since there is a risk of the neck
breaking even undef slight loading. To avoid this risk,
it is proposed to pull the conical section in such a way
that it is diametrally widened at an axial position and
forms a bulge, where the single crystal can be supported

30 with a gripping device. .

The process has disadvantages, in particular, as
regards the production of single crystals which have
diameters of = 200 mm in the cylindrical section. For
ekample, the material needéd.to produce the bulge cannot

35 be used for electronic purposes. Further, it is not
straightforward for the special shape to be pulled, and
if the bulge is not successfully giveh an exact
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25 as glass, glass reinforced with glass fibers, germanium and sil ver
which set as a function of tenperature are particularly suitable. This
material is brought into contact with the surface of the conical section.
The tenperature T[err] nust be high enough for the material to 30 becone

liquid or at Ieast s.of t . | .t. of . the co tact.. The seal. | 8 is
br ovi ded i - or GBI A QAR EYTEHI rEREPRal CHFBr i S Tt 1 ShBul der
of the con1ca|naﬂklhalngﬂkmaduﬂ|h¥1trdﬂswemad ifogceisnganaokoabsedutedet her

with the retai % L@%%voh% bﬁsnseﬁégcgyfﬁggmfée@@ gsl;quagse%ct ypti|

it touches, in case 1t nma he  cont a eallng
ring is thlS does not cause the neck to break, there is a rlsk

5 that the axis of rotation of the single crystal will be
shifted and the cylindrical section will no longer grow
straight. B

The object of the present invention is to avoid
the problems presented above and to achieve the result

10 that, in particular, even comparatlvely' heavy single
crystals can also be pulled.

‘The invention relates to a process for reducing
the load on a seed crystal during the pulling of a single
crystal by means of a pulling device, wherein an adhesive

15 bond is made between a conical section at the start of
the single crystal and a retaining body, and the load on
the seed crystal is reduced by creating a tensile stress
between the retaining body and the pulling device.

The invention also makes it possible to pull

20 heavy single crystals whose weight is in excess of the
‘loading limit of the neck for axial loads. Since, when
the invention is employed, the single crystal is loaded
only parallel to its longitudinal axis, problems produced
by transverse loading are excluded.

25 .The invention alsoc relates to a device for
reducing the load on a seed crYstal during the pulling of
a single crystal from a melt by means of a pulling
device, which éombrises a retaining body and an adhesive
bond between the retaining body and a conical section at

30 the start of the single cryétal, and an arrangement for
créating a tensile stress between the retaining body and
the pulling device.

The invention will be explained‘in'more detail
below with the aid of a figure. The figure shows a

35 schematic sectiénal- representation of a preferred
embodiment of the device in side view. Only the features
of the device needed for understanding the invention are
represented.

The pulling device used is a pulling shaft 1
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preferably made of glass or glass reinforced with glass fibers. After the
sealing ring has been put on, there is a gap 9 between the surface of the
coni cal section and - 4 - the retaining_body, and this gap is filled
wi th the adhesive bond 7. The nateri al used for the adhesive bond, for

cxarle oer MR AL ooy el 15 40 WS Lasedl Leopadt Bl 4o

fromthe outsiddamped. According to the representation, the neck ¢ and

the conical section 5 at the start of the single crystal

. have already been pulled. There is an adhesive bond 7

5 between the surface of the conical section 5 and the

retaining body 6. According to the preferred embodiment

which is represented, the retaining body has a hollow

cylindrical shape and is enclosed by a sealing ring 8

which likewise bears on the surface of the conical

10 section. The sealing ring seals a gap 9 which is filled

. with the édhesive bond. Between the retaining body 6 and

the pulling shaft 1 there is a cqnnection which can be

shortened and is provided by an axially movable rod

system 10. The rcod systém is anchored at one end in the

15 pulling shaft and connected at one end to the retaining
body.
' When the single crystal is pulled, the conical
section 5 at the start of the single crystal is firstly
allowed to be pulled until its surface area is large
20 enough for an adhesive bond to be made between the
conical section and the retaining body 6. The conical
section needs to be cooled to a specific temperature T,
which is tailored to the properties of the material from
which the adhesive bond is to be made. Substances, such
25 as glass, glass reinforced with glass fibers, germanium
and silver which set as a function of temperature are
particularly suitable. This material is brought into
contact with the surface of the conical section. The
temperature T, must be high enough.for the material to
30 become 1liquid or at least soft as a result of the
contact. The sealing ring 8 is provided in order to
prevent liquid material from passing over the shoulder of
the conical section into the melt. The sealing ring is
lowered together with the retaining body to the surface.
35 of the conical section, until it touches, in which case
it may soften in the contact region. The sealing ring is
preferably made of glass or glass reinforced with glass
fibers. After the sealing ring has been put on, there is
-a gap 9 between the surface of the conical section and

This is the replacement shest
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The use of a sealing ring may be omtted if, although becom ng soft on

qbntact with the single crystal, the material used for the adhesive bond
Still remain too viscous to |eave the contact region.. In this 10 case,
the retaining body |owered to the surface of the conical section is one

whi ch, overall igfe a&ek%ﬁﬁEPﬁh%@d’}?r GARt adlid S ggdelgw tfafmlaa SMERC%h%f the

conical section, material that is | tabl or the ad esive
bond. 15 - a esaqu RensL7-i A§eorataEial igved daiithe ashesiyssb '
coni cal secti O'E&O‘é)énfﬁlré Befrmagitnt §eafiBlesi als fasplied adhesiev gub@adeset s.
Wen the Conlcakfi%.tbgglcai section, whvle it ligquefies and penetrates
5 the gap which is sealed off from the outside. o
The use of a sealing ring may be omitted if,
although becoming soft on contact with the single
crystal, the material used for the adhesive bond still
remain too viscous to leave the contact region. In this
10 case, the retaining body lowered to the surface of the
conical section is one which, overall or at least
wherever contact is made with the surface of the conical
section} is made of a material that is suitable for the
adhesive bond. N
15 _ As the pulling of the single crystai continues,
the conical section cools further, and the material for
the adhesive bond sets. When the conical section has
cooled to a temperature T, < T,,. the load on the seed
crystal can be reduced. To do this, the rod system 10 is
20 raised and a tensile stress is created, which counteracts
the force due to the weight of the single crystal. The
magnitude of this tensile stress is expediently increased
during the pulling of the single crystal as a function of

the increasing single ¢rystal mass.
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1. A process for reducing the load on a seed crystal
during the pulling of a single crystal by means of a
pulling device, wherein an adhesive bond is made between

5 a conical section at the start of the single crystal and
a retaining body, and the load on the seed crystal is
reduced by creating a tensile stress between the
retaining body and the pulling device.

2. The process as claimed in claim 1, wherein the

10 adhesive bond is made when the conical section of the
single crystal is cooled to a temperature T,, and the
tensile stress is created when the conical section is
cooled to a temperature T,.

3. The process as claimed in claim 1 or claim 2,

15 wherein the tensile stress is increased as a function of
the single crystal mass that grows as the single crystal
is pulled.

4. A device for reducing the load on a seed crystal
during the pulling of a single crystal from a melt by
20 means of a pulling device, which comprises'a retaining
body and an adhesive bond between the retaining body and
a conical section at the start of the single crystal, and
an arrangement for creating a tensile stress between the
retaining body and the pulling device. '

25 5. ~ The device as claimed in claim 4, wherein the
adhesive bond consists of a material which is selected
from a group comprising glass, glass reinforced with
glass fibers, germanium and silver.

6. The device as claimed in claim 4 or 5, wherein
30 the retaining body has a hollow cylindrical shape.

7. The device as claimed in one of claims 4-to 6,
whlch comprises a sealing ring which is placed on the

This Sheet Has Been Replaced ~ This is the replacement sheet
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Pat ent process for reducing the lo on a seed crystal
QUrlng| ﬂ“ﬂgL' *"' “I S|ngle crystal by neans of a pulling device,

n«an ca esnves i s made between 56 a conical section at the start
of the singl e crystal and a retaining body, and the Ioad on the seed
crystal is reduge reald a [ t body
and the pulli ngq: gfvt%%l ;%% dgggng% 18 % %gsé ]%egcﬁ“h erac | ng ﬁgﬁ\/\%?ghfqggf t he

si ngl e crystal amd the retainihg ppd&'eséih@s grai sexving ctai accommppdasien t he
adhesi ve bond ig,dragdg, e hsgoni cal section of the single crystal is
cooled to a tenperature T[err], and the '

8. The .device as claimed in one of claims 4 to 7,

5 wherein the pulling device comprises a pulling shaft, and
the arrangement for creating a tensile stress comprises
a rod system which c¢an be moved parallel to the
longitudinal axis of the single crystal and connects the
retaining body and the pulling shaft.
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tensile stress is created when the conical section is cooled to a
tenperature T[err]. 3. The process' as clainmed in claim1 or clalm
2, wherein the ten5|le stress is increased-as a function of the single
crystal mass that grows as the single crystal is pulled. 4. A devi ce
for reducing the load on a seed crystal during the pulling of a single
crystal from a meProBgsgeand éﬁvacsuﬁprnge639p§s tgﬁ éradoppr psesed
retaining body and an adhesive bond betgwgsedie retaining body and a
coni cal section at the start of the single crystal, and. .an arrangenent for
creating a tensile stress between the :
Abstract

The invention relates to a process for reducing
the load on a seed crystal dﬁring the pulling of a single
crystal by means of a pulling device. An adhesive bond is
made betweeh a conical section at the start of the single
crystal and a retaining body. The load on the seed
‘crystal is reduced by creating a tensile stress between
the retaining body and the pulling device. The invention
further relates to a device for carrying out the process.

(Figure 1)
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25 retai ning body and the pulling device, said tensile stress
éounteractlng the weight of the single crystal. 5. The devi ce as
claimed in claim4, wherein the adhesive bond consists of a material which
Is selected froma group conpr|3|ng gl ass, glass reinforced with 30 gl ass
fibers, germanium and silver. 6. i?ebﬁevice as clainmed in claim4 or
5, mhereln the retaining body has a ho cylindrical shape. 7.

The devicer as c€laimed in one of clains 4 to 6, )
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ﬁhich conprises a sealing ring which is placed on the starti

seals a garuﬂﬁu ; ical section and the ret ) body: th ap
serving to mﬂm : Mt he adhesive bond. 8. RERIMCFUVENT @1 Td! ai med
in one of claifs 4 tro &, erein the pull Bng devic - sl if NQ

shaft, and the_arrangenment for creating a+tensile dtrie risesfaljrod
syst em whi ch cBat®BtBladmBarallel to the 10 | ondi tjudt Aa ]
single crystal and connects the retaining body and |t

1. A process for reducing the lodd on a seed crystdl

during the pulling of a single crystal by means of a
pulling device, wherein an adhesive bond is made between
5 a conical section at the start of the single crystal and
a retaining body, and the load on the seed crystal is
reduced by creating a tensile stress between the
retaining body and the pulling device, said tensile

stress counteracting the weight of the single crystal.

10 2. The process as claimed in c¢laim 1, wherein the
adhesive bond is made when the conical section of the.
gingle crystal is cooled to a temperature T,, and the
tensile stress is created when the conical section is
cooled to a temperature T,.

15 3. The process as claimed in claim 1 or claim 2,
wherein the tensile stress is increased as a function of
the single crystal mass that grows as the single crystal
is pulled.

4. A device for reducing the load on a seed crystal
20 during the pulling of a single crystal from a melt by
means of a pulling device, which comprises a retaining
body and an adhesive bond between the retaining body and
a conical section at the start of the single crystal, and
an arrangement for creating a tensile stress between the
25 retaining body and the pulling device, gaid tensile
gtregss counteracting the weight of the single crystal.

5. The device as claimed in claim 4, wherein the

adhesive bond consists of a material which is selected

from a group comprising glass, glass reinforced with
30 glass fibers, germanium and silver.

6. The device as claimed in claim 4 or 5, wherein
the retaining body has a hollow cylindrical shape.
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7. The device as claiﬁéd in one of claims 4 to 6,
which comprises a sealing ring which is placed on the
starting cone and seals a gap between the conical section
and the retaining body, the gap serving to accommodate
the adhesive bond.

8. The device as claimed in one of claims 4 to 7,
wherein the pulling device comprises a pulling shaft, and
the arrangement for creating a tensile stress comprises
a rod system which can be moved parallel to the
longitudinal axis of the single crystal and connects the
retaining body and the pulling shaft.
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