SI LI CON SI NGLE CRYSTAL PRODUCTI ON METHOD TECHNI CAL FI ELD 5The present
invention relates to a production nethod of a silicon single crystal. Mre
specifically, the present invention relates to a production nethod of a
silicon single crystal based on the Czochral ski method (hereinafter
referred to as "CZ nethod") which can prevent occurrence of the

di sl ocations during the separation 10 process fromthe silicon nelt,

t hereby i nproving the shape of the separation surface of the produced
silicon single crystal. BACKGROUND ART The CZ nethod includes steps of
heating raw material 15 polycrystalline silicon in a crucible to produce a
raw material nelt, i ﬁ'ﬁ%Fg‘i’lﬁgs Gl Ee REPTAL FRAOVCTREN METHRR erial nelt, and
finally lifting up the produced silicon single crystal by gradually

rewi nding a wwre attached to the seed crystal. The nethod further includes
growi ng a cone section with a 20 gradual |l y-extendi ng cone di aneter, i.e.
an ext endFRgEM GHet’df Bect i on, which stretches fromthe contact surface
with the sedd prysémtl ;naadtidsnerregmwisrtga a stddicghbnbotycglest i20Rilicen a
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cause, a sudden tenperature | ower end e sil n S|ng e 30
crystHl, WAPCHS §It°ﬁ1et}§%§d1ldﬁognm%h?'f ACETEP MRS Vg Eloh SHEPE. OTHiES nay
resul t i nsepzonsicdersabliyes edlicet: prpstakdli zaticn sahgbe dueysttalt.he
occurrence of the sI ip dislocations within the silicon single crystal
after bein g As a counterneasure to this, an conventi onal
product i oh %GL'EF%J D3§ urther includes a step of gradual |y narrow ng the
di anmet er ofThsh€&€Z method includes steps of heating raw material

15 polycrystalline silicon in a crucible to produce a rawmaterial melt,
immersing a seed crystal in the rawmaterialmelt, and finally 1ifting
up the produced silicon single crystal by gradually rewinding a wire
attached tc the seed crystal,

The method further includes growing a cone section with a

20 gradually-extending cone diameter, i.e. an extending-diameter
section, which stretches from the contact surface with the seed
crystal, and then growing a straight-body section, i.es. a
constant-diameter section, when the crystal diameter has reached
a target diameter. The silicon single crystal is finally separated

25 from the raw material melt when the length of the straight-body
secticn reachss a predetermined length.

In a conventional production method, the step of separating the
silicon single crystal from the raw material melt tends to cause
a sudden temperature drop at the lower end of the silicon single

30 c¢rystal, which is the separation surface fromthe siliconmelt. This
may result in a considerably-reduced crystallization ratio due to
the occurrence of the slip dislocations within the silicon single
crystal after being lifted up.

As a countermeasure to this, an conventional production method

35 further includes a step of gradually narrowing the diameter of the
silicon single crystal after the growth of the straight-body section
so that the contact surface between the silicon single crystal and

.the raw material melt will be small enocugh to avoid the cccurrence



silicon single crystal after the growh of the straight-body section so
that the contact surface between the silicon single crystal and the raw
material nelt will be small enough to avoid the occurrence 2 of the

di sl ocati ons, before separating the silicon single crystal fromthe raw
material nelt. This narrowed section is generally called a tail section.
However, the tail section is known to cause a decreased yield ratio 5
since its crystal dianeter is smaller tthan a desired value, and therefore
this section is not considered to be a product. Accordingly, the step of
producing the tail section should preferably be reduced or even ontted in
order to idicFeasE Prsatéenvi tpferet hrepsidtiicontst mjlldconysimdle t0Therk

al ready exirsin ahauprdematkriechnioues rhos KeouGidag sek o5 tid R@nther 1y
generation._step gf%éﬁpskgkgosectlon, and one of themincludes steps” of

lifting up a crucible contalﬁing the raw material nelt at the same lifting

speed as t hA¢vdfet:-hehsiRieSRCSIAGIIE Eyst aP catsers ehergrow hiofd theio
strai ght - kadyesets i @ystanddr ensesdt ngs Eg@lméitﬁﬂﬁnli @ﬁ%i@@@ &Hlﬂéﬁ3a§P|;ﬁ0n
single cr - t i rd, .and _suppresses.,the occurrence o e
di sl ocat i %2%9 ﬁ?%%g{%%%egggggér@@\t,\?sonmo Ctoﬁélgigf?%gcr?. 5°ngl %.r%#u%ii'al fromthe
raw mat er i afCHRALNGAECOF U NP CSeBrPHEC T dhessaPat evrtingplsteation

Publ i cat i pneNoraR00Hel 768633d 41 dRGLRIni Y8l Sin thaiesi kb cop-mafar di ameter

i's beconiggphﬁggfgiéglo pghgagfii?éy1 gggrg%¥%g$%: now is the main product.

The productio a‘silicon sing %;% _ a large-diameter generally
i nvol vBs a Ei¢Ehgt FamdenatuR AUTPshECE s e icieseinr wRdunima trecniticid e due
to the i ntcheagetnmeiight sofp tdfethkl t£on sweltt on Whirch ohienels drenCadseudes

di sl ocati Qpg,and a;de{or TRt Lo _égiﬂi%ec§£%§%¥¥lg5£ﬂ9E%wprgftEﬁa 2211 at
Therefore, various, a prog%hes ave beén nude to control the natural
convect i onPEWFFENL LBy MR SRS 2 A 5y Ay ehet i zenit shrahgretistali efbt o the
silicon mehe,gforcit hé pur paseioht Shipdy essicngn} hdirshecatipnscapsk tdie
deforiti Qvrace of the silicon single crystal protruding downward, and

suppresses the occurrence of the disiocatioens during the separation

of the silicon single crystal fromthe rawmaterial melt, accordingly

{See the Japanese Patent BApplication Publication No. 2007-176761).

- In recent years, the silicon wafer diameter is becoming larger

20  and lager, and 300 mm wafer now is the main product. The production
of a silicon single crystal with a large-diameter generally involves
a strengthened natural convection current within the crucible due
to the increased weight of the silicon melt, which tends to cause
dislocations and a deformation of the silicon single crystal.

25 Therefore, various approaches have been made to control the natural
convection current by means of applying & horizontal magnetic field
to the siliconmelt, for the purpose of suppressing the dislocations
and the deformation.

However, application of the horizontal magnetic field adversely

30 causes a decreased temperature difference between the center and
the periphery of the phase boundary of the silicon single crystal,
compared to its absence, which can prevent the silicon single crystal
from forming a downward convex shape on the phase boundary, and
therefore disrupts the omission of the tail section intended to

35 suppress the occurrence of the dislocations during the separation
of the silicon single crystal from the melt, while achieving the
suppression of the dislocations and the deformation in the

straight-body section,



However, application of the horizontal magnetic field adversely 30 causes
a decreased tenperature difference between the center and the periphery of
t he phase boundary of the silicon single crystal, conpared to its absence,
whi ch can prevent the silicon single crystal fromform ng a dowward
convex shape on the phase boundary, and therefore disrupts the om ssion of
the tail section intended to 35 suppre the occurrence of the
di sl ocations during the separation of t'he silicon single crystal fromthe
melt, while achieving the suppression of the dislocations and the
deformation in the strai ght-body section. 3 In order to solve the
above- nent | BT 95 ob? EvE Vet Hes iapeERTBERT binacher g eyent thaviemanérzperf or ned
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t he succe om ssion o e tail section by growi ng the straight-body
section of the silicon single crystal under the influence of the
hori zont alsumagketic field with a nagnetic flux density at its magnetic
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silicon sypghengryst akLEOM IS BIdecion of the silicon single erystal
under the influence of the horizontal magnetic field with a magnetic
flux density at its magnetic center being equal to or more than 1000
Gauss, and egual to or less than 2000 Gauss; reducing the relative
25 1lifting speed of the silicon single crystal to the surface of the
melt to 0 mm/minute maintaining the static state until there is a
decrease in the apparent weight of the silicon single crystal;
further maintaining the static state so that the whole growth front
of the silicon single crystal faced with the melt will form a convex
30 shape protruding in the direction oppesite to the 1lifting direction
of the silicen single crystal; and finally separating the silicon

single crystal from the melt.

EFFECT OF INVENTION

35 The present invention allcows for an approprizte contrel of the
natural convection current in the melt and consequently the
suppression of the deformation and the dislocations in the

straight-body section, by lifting up the produced silicon single



EFFECT OF | NVENTI ON 35The present invention allows for an appropriate
control of the natural convection current in the nelt and consequently the
suppression of the deformation and the dislocations in the straight-body
section, by lifting up the produced silicon single 4 crystal under the

i nfluence of the horizontal magnetic field with a magnetic flux density at
its magnetic center being equal to or npre than 1000 Gauss, and equal to
or less than 2000 Gauss. The present invention also allows for the
suppression of the 5 dislocations and consequently the successful oni ssion
of the tail section, by suspending the relative novement of the silicon
singl e cry%ﬁ%§¢aﬁou@4ﬁ¥ shef el wcphel stg depipertalumeohet herfelglst gith
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crysti:ll whose tail-section has
shape pretruding in the opp051te dlrectzon.to the lifting direction

of the silicon single crystal.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.l is & schematic view of a silicon single crystal production
15 ecquipment according to an embodiment of the present invention.
Fig. 2 is a flowchart showing a production method of a silicon
single crystal according to the embodiment.
Fig. 3is apartially-enlarged schematic view showing shape changes
of the growth front of the silicon single crystal.
20 Fig. 4 is a picture showing an example of the growth front of the
silicon single crystal whose tail-section has failed to be omitted.
Fig. 5 is a picture showing an example of the growth front of the
silicon single crystal whose tail-secticn has been successfully
omitted.
25
DETAILED DESCRIPTION
An embodiment of the present inventicn will be described below
with reference to the attached drawings. Referring tec Fig. 1, the
silicon single crystal production eguipment 100 acceording to the
30 present embodiment produces a silicon single crystal 2 based on the
CZ method. The silicen single crystal production eguipment 100
includes a crucible 30 for ceontaining melt 32, a driving unit 10
for not only lifting up/down and rotating the silicon single crystal
2 but also rotating the crucibie 30, and a magnetic field generating
35 unit 50 for generating the magnetic field applicable to the melt
32.
The siliceon single crystal production egquipment 100 also includes

a controller 1 for controlling not only the lifting movement and



Fig. 5is a picture showi ng an exanple of the growth front of the silicon
single crystal whose tail-section has been successfully omtted. 25

DETAI LED DESCRI PTION  An enbodi nent of the present invention will be
descri bed below with reference to the attached drawi ngs. Referring to Fig.
1, the silicon single crystal production equi pnent 100 according to the 30
present enbodi nent produces a silicon gjngle crystal 2 based on the CZ

nmet hod. The silicon single crystal production equi pnent 100 includes a
crucible 30 for containing nelt 32, a driving unit 10 for not only lifting
up/ down and rotating the silicon S|ngle crystal 2 but also rotating the
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The welght measuring unit 5 is typically a load cell. The apparent
weight is calculated by subtracting the buoyancy of the meit 32 from
the gross weight of the silicon single crystal 2.
The silicon single crystal production equipment 100 alsco includes
20  a gas inlet 22 of the chamber 20 for taking in inert gas, a gas outlet
24 for discharging the inert gas from the chamber 20, and a rectifying
cylinder 60 for rectifying the inert gas flow. The inert gas is
typically Ar gas.
The melt 32 is a melt of raw material polycrystalline silicon.
25 The crucible 30 is typically made cof synthetic guartz glass. The
base of the crucikble 30 is connected with an axis 34 for supporting
the crucible 30. The rectifying cylinder 60 is leccated above the
crucible 30 and substantially forms a circular truncated cone.
A driving unit 10 includes a winder 12 for winding up/down the
30 wire 3 and a crucible driver 14 for rotating the crucible 30.
The winder 12 is capable of rewinding and rotating axially the
wire 3 at the same time. The axis 34 is connected to the crucible
driver 14, and the crucible 30 can be rotated by the crucible driver
14 via the axis 34. ,
35 The magnetic field generating unit 50 includes a pair of coils
52. Thepair of coils 52 is placed cutside the chamber 20 to sandwich
the chamber 20. The magnetic center L2 of the horizontal magnetic

field generated by the ccils 52 is substantially perpendicular to



20 a gas inlet 22 of the chanmber 20 for taking in inert gas, a gas outlet
24 for discharging the inert gas fromthe chanber 20, and a rectifying
cylinder 60 for rectifying the inert gas flow. The inert gas is typically
Ar gas. The nelt 32 is a nmelt of raw material polycrystalline silicon. 25
The crucible 30 is typically nmade of synthetic quartz glass. The base of
the crucible 30 is connected with an axyfs 34 for supporting the crucible
30. The rectifying cylinder 60 is | ocated above the crucible 30 and
substantially forms a circular truncated cone. A driving unit 10 incl udfes
a wnder 12 for w nding up/down the 30 wire,3 and a crucjble driver 14 for
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crystal 2, the rotation direction of the silicon single crystal 2,
and the rotation speed of the silicon single crystal 2 - by means
of the winder 12.

15 The controller 1 is alsc capable of controlling the rotation
direction and the rotation speed of the crucible 30 by means of the
crucible driver 14.

The controller 1 is also capable of controlling the position of
the coils 52 along the central axis L1 of the silicon single crystal

20 2, i.e. the position cf the magnetic center L2 of the horizontal
magnetic field.

The controller 1 is also capable of controlling the magnetic flux
density at the magnetic center L2 of the horizontal magnetic field
"So that it will be egual to or more than 1000 Gauss, and equal to

25 or less than 2000 Gauss.

The controller 1 is also capable of controlling the output power
of the heaters 42, 44, and controlling the temperature of the melt
32 by adjusting the output power of the heaters 42 with the cutput
power of the heaters 44 kept constant.

30 The controller 1 is electronically connected to the weight
measuring unit 5, and is capable of monitoring the apparent weight
of the silicon single crystal 2.

The controller 1 mainly comprises a CPU and a memory device, and
is capable of storing the system operations of ths whole silicon

35 single crystal production equipment 100 into the memory device.

The controller 1 is typically a PC or an EWS (Engineering Work
Station). The silicon single crystal preduction method described

below can be implemented by the controller 1 for contrelling the



The controller 1 is capable of controlling the rew nding speed 10 of -the
wre 3, the rotation direction of the wire 3, and the rotation speed of
the wire 3, i.e. the lifting speed of the silicon single crystal 2, the
rotation direction of the silicon single crystal 2, and the rotation speed
of the silicon single crystal 2 - by neans of the w nder 12. 15The
controller 1 is also capable of control]ing the rotation direction and the
rotation speed of the crucible 30 by neans of the crucible driver 14. The
controller 1 is also capable of controlling the position of the coils 52
along the central axis Li of the silicon single crystal 20 2, i.e. the
posi tion GPSFREIMRAGHetSaCicBRLEr L2 of the horizontal nagnetlc field. The
control | er Thé Scallseicgpiabkepofdieanionohttingl tifea nagnebncsfldbe depstdy at
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! (or step (4)); and a separating step 37 (or step (5)) of separating
the silicon single crystal 2 from the melt 32, all of which are
15 intended to omit the tail-section of the silicon single crystal.

The inert gas filling step 51 includes steps of sealing the chamber
20, and taking in the inert gas through the gas inlet 22 in parallel
with evacuating the chamber 20 through the gas outlet 24 using a
vacuum pump (not shown) in order to create the inert gas atmosphere

20 inside the chamber 20.

The inert gas atmosphere inside the chamber 20 is maintained by
an inert gas flow intec the chamber 20 in the steps afterwards.

The melt producing step 52 which follows the inert gas filling
step S1 includes a step of generating the melt 32 by melting the

25 raw material injected into the crucible 30, using the heaters 42,
44,

The straight-body section growing step 83 which follows the melt
producing step S2 includes steps of growing the straight-body
section 4 of the silicon single crystal 2 by lifting down the seed

30 crystal 8 to immerse it under the surface of the melt, using the
winder 12, and 1ifting up the silicen single crystal 2 from the melt
32 using the winder 12 under the influence of the horizontal magnetic
field applied to the melt 32 which has a magnetic flux density at
its magnetic center L2 being equal to or more than 1000 Gauss, and
35 egqual to or less than 2000 Gauss.

The silicon single crystal 2 and the crucible 30 rotate axially

in the opposite directions to each cther.

The straight-body section 4 of the silicon single crystal 2 is



operation of each unit. The followng is a production nethod of a
silicon single crystal according to the present enbodinent. Referring to
Fig. 2, the production nmethod according to the present 5 enbodinent is to
produce a silicon single crystal based on the CZ nethod, and includes an
inert gas filling step Si of creating an inert gas atnosphere inside the
chamber 20; a nelt producing step S2 ofg generating the nelt 32; and a
strai ght -body section gromﬁng step S3 (or step (1)) of growi ng the

strai ght-body section 4 of the 10 silicon single crystal 2. The production
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20 a convex shape which pretrudes in the opposite direction to the
lifting direction of the silicon single crystal 2 is pulled
(hereinafter referred to as “downward convex shape” for
simplification).

The suspension step 84, the first static-state maintaining step

25 85, and the sescend static-state maintaining step 86 are sxecuted
under the influence of the horizontal magnetic field applied to the
melt 32 naving a magnetic flux density egual to or more than 1000
Gauss, and squal to or less than 2000 Gauss, like the straight-body
section growing step S§3.

30 Apart from the present embodiment, the suspension step 5S4, the
first static-state maintaining step 85, and the second static-state
maintaining step $6 can also include a step of cutting off the
herizontal magnetic field, but this may be attributed to a current
change in the melt 32, and it may cause the dislocations.

35 In the present embodiment, the suspensicn step 54, the first
static~state maintaining step S5, and the second static-state
maintaining step 56 should preferably involve continued application

of the horizontal magnetic field in order to prevent the dislocations,



8 a cylindrical portion wth a nearly constant dianeter in the direction
parallel to the central axis LI of the silicon single crystal 2. The
strai ght-body section growing step S3 includes a step of growing the
strai ght - body section 4 when the dianeter of 5 the silicon single crystal
reaches a predeterm ned value after the formation of the cone section.
The suspension step S4 which follows the straight-body section grow ng
step S3 includes a step of reducing the lifting speed of the silicon
single crystal 2 to.0O mimnute in the state where the 10 upward and
downwar d nove nt of the crucible 30 is suspended. The first static-state
naintainiﬁﬁcggg 5/ whi ch fol l ows the suspension step S4 includes a step
of mai ntai nTigy suspestath cisraté . wher € irke $tdticngtepeetk oitdindngi sigon
single tcr St ag?@ %kﬁat lg%etl)gat sgamﬁmt@weemyﬂwalml%r @téé 8 dﬁ%eaﬁeowb t hﬁt
apparent weli, 0 e icon.single cr melg
robour i ng THEL B0 aUHIESs B o hE Cf e R or AR e RSP AT DLy S =SB hTR

foll ows t & flllr‘sltie Stracisd st di eeimiantsaitei Agct @S5 | ncI udes a step of
continui ng ti0: rmaipatraitmn@ h@t@g, af Cwﬁﬁ.@heféiplctw@atthtehgem %t%:QWLBtitE@nt of

co | ¢ f t 32 f 20
convex. SRABE THIAh BT b adee R RA e i T e ToBhe P LGS TTIAT ng

a convex gﬁape it 'Ch®
d|rect|0n2ofr@MGﬂ§1Wﬁé@n3§|hgl%ﬁﬂﬁy@ﬂag Qh¢Sﬂmﬂmﬁédg(%érﬁwhaﬁﬁ@r3r@ﬂtrred
to as "dOﬂﬂﬁ@iﬂgQﬂﬁMﬁ&h@h@@@ $Ig 3ﬁ nplification). The suspension step $4,

t he f st S e sta |nta|n t he _seco atic-state
mai nt al ni n ﬁa%errl%{ af e e(%<ecut € aaé)rept ﬁ‘an? n? IO?;%ce %%O‘fffc'uh %ﬁ:gpltcz%)n? aI

magneti c ﬁpélsdlaﬁﬁlﬂl Tdale tlh?ésﬁﬁaﬂl ? Iprhele R§ralaegriadycs ¢¢ubordensiinyg equal
to or noretbpams MQh@aﬁéﬁarﬁﬂﬂl@Cﬂt@p B0 ore l@ssriiban BO0O, Gauss, |ike the

strai ght - b%‘%’ SSEGH! 20 g1 °""'3” Sgﬁo&%% heff P Lhe Preseilsingle
enbodi nent e SUspensi-on s
crystal 2 forms a convex shape which protrudes in the direction

15 parallel tc the lifting direction of the silicon single crystal
{hereinafter referred to as “upward cecnvex shape” for
simplification) in the straight-bedy section growing step S83.

As shown in Fig. 2 (B), the growth front 7 starts to grow in the
opposite direction to the i1ifting direction of the silicon single

20 crystal when the lifting speed of the silicon single crystal 2 reaches
0 mm/minute in the suspension step S4.

As shown in Fig. 3 (B) and Fig. 3 (C), the upward convex shape
of the growth front 7 is gradually reduced to become substantially
flat, i.e. the growth front 7 is substantially aligned with the fluid

25 surface 9 of the melt 32 in the first static-state maintaining step
35. The growth front 7 then transforms into a downward convex shape,
and ends up being lccated under the fluid surface 9.

The silicon single crystal 2 is free from the buovancy of the melt
32 and its apparent weight gradually increases with the reduction

30 of the upward convex shape c¢f the growth front 7 due to the growth
of the silicon single crystal 2 as long as the growth front 7 is
located above the £fluid surface 8. However, it is assumed that the
silicon single crystal 2 is given the buoyancy of the melt 2 and
its apparent weight starts toc decrease when the growth front 7

35 transforms into a downward convex shape to be located uncer the fluid
surface 9.

As shown in Fig. 3 (D), the whole growth front 7 transforms into

a downward ccnvex shape due to the maintained static state in the



first static-state maintaining step S5, and the second static-state

mai ntai ning step S6 can also include a step of cutting off the horizontal
magnetic field, but this maybe attributed to a current change in the nelt
32, and it may cause the dislocations. 35In the present enbodi nent, the
suspension step S4, the first static-state maintaining step S5, and the
second static-state maintaining step Sggshoul d preferably involve .
continued application of the horizontal magnetic field in order to prevent
t he dislocations, 9 accordingly The suspension step S4, the first

static-state |nta|n|n ste and the second static-state maintaining
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upwar d conve é ront is gradualTy te uced £0° Eecone
subst ant i &rr§tal d{roqucélotlﬁée@?f% h front 7 is substantially aligned with
the fhoid 1n Examples 1, 2 and Comparative Examples 1-4, 240 kg of the raw

material was injected into the crucible 30 macde of synthetic quartz
glass, and the inner pressure of the chamber 20 was reduced to 70
mbar.
In each of Examples 1, 2 and Comparative Examples 1-4, the silicon
20 single crystal 2 was produced under the influence of the horizontal
magnetic field applied tc the melt 32 having a different magnetic
density fromone ancther. The diameter of the produced silicon single
crystal 2 was 450 mm.
The magnetic flux density was set at 3000 Gauss in Comparative
25 Examples 1 and 2, 3800 Gauss in Comparative Example 3, and 500 Gauss
in Ccmparative Exampie 4.
On the other hand, the magnetic flux density was set at 1000 Gauss
in Example 1, and 2000 Gauss in Example 2.
Table 1 shows the results from Examples 1, 2 and Comparative Examples
30 1-4.



25 surface 9 of the nelt 32 in the first static-state nmaintaining step S5.

The growth front 7 then transforns into a downward convex shape,

up being | ocated under the fluid surface 9.
is free fromthe buoyancy of the nelt;{832 and its apparent wei ght gradually
increases with the reduction 30 of the upward convex shape of the growth
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The magnetic flux density was set at 3000 Gauss in Conparative 25 Exanpl es
1 and 2, 3800 Gauss in Conparative Exanple 3, and 500 Gauss in Conparative
Exanple 4. On the other hand, the magnetic flux density was set at 1000
Gauss in Exanple 1, and 2000 Gauss .in Exanple 2. Table 1 shows the
results from Exanples 1, 2 and Conparative Exanples 301-4. 11 12 As
shown in Table 1, the generation of the straight-body section was
successful in Exanples 1 and 2 with the magnetic flux density bei ng equal
to or nore than 1000 Gauss, and equal to or less than 2000 Gauss. 50n the
ot her hand, fhe deformatio d the dislocatio in the str.aight-body
section occu%?éﬁKﬁW'éBn%%?gfﬁce aﬁﬁ?%rﬁfl§1é’dthewaﬁF%ﬂgr' Gretic fl ux
density beisrgtlessiashancto88 Gauss Exandledrle anHah 2000 tBaussyndcicor di ngl vy,

it is understeaghdhat, boendragnet i bhodensht viob® shesd dbe preferably
equal to or nDreléggq%QQQZS%QSQ%%and equal to or |ess than 2000 Gauss, and
c

this flux égngfty range can /& the suppression of the deformation and
di sl ocabi onsCn ri-hehetBer diaght.- Bodydedetnasnion] Bndnthshelisthert hamd,in t

appears t haheastRgngi-eohl Uxe stensi b ch 888 iRaboA9D Gaus sxhepds 11,0 cause
t he deforngtio i

ons £y morerinaflsbo6° BaaeE P e Rl B X bR o ke SRS TR 1 ¢ om
t ransf or m A BeEe ttHandéiAkaFdusonvex shape. 20l n Conparative Exanple 2,
the oni ssi om@foddiaghaj litseshirr wasoaathasueeeashdbt Whidiext he. defor mati on
and di %b chhlogfg bienp e@eer%&)rl?‘ri h&élbgcg%rsrg&;ei gﬂar\{\f&ﬁ) Egﬁ)gé ,e%%%de'qual

to or less than 2000 Gauss, and this fiux density range can

achieve the suppression of the deformation and dislocations in

the straight-body section.

15 On the other hand, it appears that a magnetic flux density less
than 1000 Gauss tends to cause the deformation of the silicon
single crystals 2; and a magnetic flux density more than 2000
Gauss tends to prevent the growth front 7 from transforming into
the downward convex shape.

20 In Comparative Example 2, the omission of the tail section
was not successful while the deformation and dislocations in
the straight-body section were suppressed.

On the other hand, the omission of the tail section and the
suppression of the dislccations in the straight-body section

25 were both successful in Examples 1 and 2.

In the examples which resulted in the failed omission of the
tail section, the growth front 7 admittedly transformed into
the downward convex shape to scme extent as shown in Fig. 4,
but the separation of the silicon single crystal 2 from the melt

30 32 still had to take place before the adequate transformation
of the whole growth front 7 as the downward convex shape in this
example was formed by the partial growth front 7 but not the
whcle growth front 7.

On the other hand, in the examples which resulted in the

35  successful omission of the tail section, the whole growth front

7 transformed into the downward convex shape as shown in Fig.



On the other hand, the om ssion of the tail section and the suppression of
the dislocations in the straight-body section 25 were both successful in
Exanples 1 and 2. In the exanples which resulted in the failed om ssion
of the tail section, the growmh front 7 admttedly transfornmed into the
downward convex shape to sone extent as shown in Fig. 4, but the
separation of the silicon single crystal 2 fromthe nelt 30 32 still had
to take place before the adequate trahsfornmation of the whole growh front
7 as the downward convex shape in this exanple was formed by the parti al
growh front 7 not. the whole growh front 7.. t he other hand, in
the exanpl 85 ﬁﬂ?%%ﬁﬁggﬁF?eﬁh?ﬁxﬁw-r§§¢§u%%é@§ ﬁ?ﬁ%ﬁfgg?%ﬁson‘F € tai
section, therahditebgdowshctiontwad prapstby nebdnsssethduribwhwdied convex
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i slocations in the rai -ho ection was praper suppr.esse urin

t he separati®h of rhé%tngi ‘lqg%%ensc’i ng?i%e%%:l{r:’;)}é?%lrz%ﬁo%agﬁ%tjﬁcgﬁl%%f even °
under the i nfleyéatowing he heeszonphlomadners e¢itperd.cBTRecfl L8Ri ng is a
descri pti oprofedthengbbests:exerted by the present enbodi ment. The
present enbqdi nent can achi eve the_cont.r.oll ed,na rrent Ln. the melt
32 by lifti ngehBrFﬁ%nsi #%ﬁﬁ%“?ﬁ% %nc?%% 41 ghﬁnégéé%?ﬁyédn FE%%%% of the
hori zont al cwakridt ite FhHeerel wWidthtn 110t iag et e BlELkCeR FROY e BEI§2equal to
olrI nor e tpamrﬂ&QOtE@.mmm@ee@ﬂaﬂﬁd no?izcbre.&s thhan=200@ icadss:,tH her eby

al | owi or the s ression.o roatio IS td in the
straig - bod n%%%iggﬁxi%ﬂ¥ﬁéyb%%%% f%§ﬁ30d|ﬁﬁhﬁoggﬂjh“sggggé%ﬁ%?'the
silicon sifagtewslcrysraless fihem Heith§asepardredorrdmeHESnEP%E 82 before

t he adequakeppransioor put tba @frddecgpanhhd fdidlochtiphe ihetownward convex

shape, by suspendi_ h Lfti novenent of the silicon single crystal 2
relative t%yl?%le ddlq%g)id gﬁ#%%énﬁgf the nmelt 32 until there is a decrease in

t he appar entThfePghtedt THEEIEREoFPRG SNVt dthdl S21160R S¥&i%€ai ni ng
the staticcsyatel af trepwabdsns sdhat:tehef nwhol ehagmaath3friontore ahet he

si licon singl aCJeV§£§&LSEogmgt'iopocg%ﬁggggg‘ggwoﬁtw@x% 3 acpo%,%wta@areby

all owi ng for e suppression of | ocations even under the influence
of the horFbFRaFIARgnEYi T HSSCd g id ScbhsEgieRe Y54 He s & esisfiGrn25

om ssi on okitdie: kakktsBCt réhative to the liguid surface of the melt 32
until there is a decrease in the apparent weight of the silicon
20 singie crystal 2, and maintalning the static state afterwards
so that the whole growth front 7 of the silicon single crystal
2 will form the downward convex shape, thereby allowing for the
suppression of the dislocations even under the influence of the
horizontal magnestic fisld and conseguently the successful
25 omission of the tail section.

The present invention is not limited to the embodiment
described above, and therefore it can be modified within the
scope c¢f the appended claim.

For example, unlike in the above embodiment, the driving unit

30 10 can move up/down not only the silicon single crystal 2 but
also the crucible 30, In this example, the crucible driver 14
can also rotate or move up/down the crucible 30. The driving
unit can also 1lift up the crucible 30 at the same lifting speed
as that of the siligon single crystal 2 so that the relative

35 speed of silicon single crystal 2 to the fluid surface of the

melt 32 will be reduced to zerc, and then suspend the relative



The present invention is not |imted to the enbodi nent descri bed above,
and therefore it can be nodified within the scope of the appended claim
For exanple, unlike in the above enbodi ment, the driving unit 30 10 can
nmove up/down not only the silicon single crystal 2 but also the crucible
30. In this exanple, the crucible driver 14 can also rotate or nove
up/ down the crucible 30. The driving unit can also lift up the crucible 30
at the sane lifting speed as that of the silicon single crystal 2 so that
the relative 35 speed of silicon single crystal 2 to the fluid surface of
t he fTEl t 320V mentbeofr gggcselq_ C%Ilzgrlg) % t‘.].gﬂ ?Lﬁ%p?}qgér% §| Pg]! \ée
movenent of t Re il con S|ng e cry ? 6 for a certaln
period of Fﬁﬁﬁaln]H?QHQQIWﬁlth€product|on nethod of a silicon single
crystal based on the Czochral ski method, conprising steps of:



5 (1) growing a straight body section of said silicon single crystal by
lifting up said silicon single crystal under the influence of the

hori zontal nagnetic field applied to the raw material nelt contained in a
cruci ble, which has a magnetic flux 10 density at its nagnetic center
being equal to or nore than 1000 Gauss, and equal to or |ess than 2000

Gauss; (2) reducing the relative lifting speed of said silicon
single crystal to the surface of said!felt to O mininute, after said
15step (1); (3) maintaining the static state where the relative lifting

speed of saidygilicon single crystal is kept at O miminute until there is
a decrease 1 n the apparent weight of said silicon single 20 crystal, after
said step (2) ; (4) further maintaining said static state so that the
whol e growtth fx gniodattsai dhesihlodcofl sigiglieocar ysta@le fragyedaiM bdsshict mel t

will form a,copyex, shapRe RLPhSHdiNG D the oppaside direction 25 to the
f 1d sili I ngl

lifting direction of sail Icon single crystal, after said step (3); and

(5) separating said silicon single crystal fromsaid nelt, after said step
(4). (1} growing a straight body section of said silicon single

crystal by lifting up said silicon single crystal under the
influence of the horizontal magnetic field applied to the raw
material melt contained in a crucible, which has a magnetic flux
10 density at its magnetic center being equal te or mere than 1000

Gauss, and equal to or less than 2000 Gauss;

(2) reducing the relative 11fting speed of said silicon single
crystal to the surface of said melt to 0 mm/minute, after said
15 step (1):

(3) maintaining the static state where the relative lifting
speed of said silicon single crystal is kept at 0 mm/minute until
there is a decreasge in the apparent weight of said silicon single

20  crystal, after said step (2):

(4} further maintaining said static state so that the wholse
growth front of said silicon single crystal faced with saidmelt
will form a convex shape protruding in the opposite direction

25  to the lifting direction of said silicon single crystal, after

said step (3): and

{(5) separating said silicon single crystal from said melt,

after said step {(4).



